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Preface
Tropentag is the largest interdisciplinary conference in Europe focusing on develop-
ment-oriented research in the fields of tropical and subtropical agriculture, food secu-
rity, natural resource management and rural development. The theme of the Tropen-
tag 2023 is “Competing pathways for equitable food systems transformation: trade-
offs and synergies”, organised by the Leibniz Centre for Agricultural Landscape Re-
search (ZALF) in cooperation with the Humboldt-Universität zu Berlin, Germany,
and will take place from 20-22 September 2023. It is clear that a just and sustainable
transformation of our food systems is urgently needed: climate change, conflicts, ris-
ing food and fuel prices, and growing social and income inequalities are exacerbating
the vulnerabilities of our food systems. But what should the transformation of our
food systems look like?
The theme invites diverse contributions that explore different pathways for transform-
ing food systems and the trade-offs and synergies involved, ranging from more tech-
nical solutions, such as climate-smart agriculture and biofortified crops, to more sys-
tematic solutions for changing the underlying relationships of our food systems, such
as agroecology and alternative food networks.
This debate will be explored during the conference by internationally renowned
keynote speakers. This year’s keynoteswill discuss policy and technical innovations to
increase the resilience of food systems to shocks; the role of data-driven approaches in
identifying opportunities for more sustainable and equitable food system outcomes;
the role of micro, small and medium enterprises in supporting inclusive value chain
transformation; a framework for analysing and addressing inequalities in food sys-
tems; and alternative pathways for food system transformation, including livestock
systems and agroecology.
This year we have received over 980 submissions, of which 625 will be presented as
either oral or poster presentations – these are now available in this book-of-abstracts.
We will have 133 oral presentations grouped into 25 scientific sessions, 47 face-to-face
poster sessions and 9 online poster sessions. Therewill also be 22 pre-conferencework-
shops and 8 post-conference workshops, which broadly engage with this year’s con-
ference theme.
This year’s featured CGIAR centre is the International Food Policy Research Institute
(IFPRI),which provides research-based policy solutions to sustainably reduce poverty
and end hunger and malnutrition in developing countries.
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We would like to thank all the participants for their scientific contributions and our
colleagues on the Scientific Committee for reviewing the abstracts and chairing the
oral and poster sessions. But the conference could not be organised without the help
ofmany people behind the scenes. Wewould like to thank Eric Tielkes and his team for
their invaluable support in organising this ever-growing event. Special thanks to the
student reporters for keeping the blog and reports ’alive’. Thanks also to ATSAF for all
the guidance, and to the staff and student volunteers from the Humboldt-Universität
zu Berlin for helping to organise this conference. Special thanks to our long-standing
donors (listed on the back cover) for their unwavering financial and in-kind support,
which allows us to keep conference fees at a modest level, especially for early career
researchers. Thank you all for attending – you have made it possible once again.
We welcome you to Berlin from so many different parts of the world and wish you an
inspiring and enriching conference.
On behalf of the Tropentag 2023 Organising Team:
Stefan Sieber, Dagmar Mithöfer, Caroline Hambloch, Wolfgang Bokelmann, Heike
Schobert, Lisa Brandt, Eric Tielkes
Berlin, September 2023
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Achieving resilient food systems
JOHAN SWINNEN

International Food Policy Research Institute (IFPRI), United States

For nearly a decade now, global progress against hunger and malnutrition
has stagnated and begun to reverse. Countries around the world now grap-
ple not only with rising food and nutrition insecurity but also with the three
C’s: Climate Change, COVID-19, and Conflict. While food and commodity
prices have come down from their peak, they remain historically high. In fact,
price shocks and other shocks may be the new normal. In his presentation,
Dr. Johan Swinnenwill discuss the impacts of climate change, the global pan-
demic, and the food and fertiliser crisis, as exacerbated by Russia’s invasion
of Ukraine. Different regions, countries, and segments of the population re-
main more vulnerable than others to these types of shocks. Dr. Swinnen will
draw from IFPRI’s latest research and modelling tools, to identify policy and
technical innovations that can help policymakers transform food systems so
they are resilient against shocks, inclusive of marginalised populations, and
environmentally sustainable.

Contact Address: Johan Swinnen, International Food Policy Research Institute (IFPRI), Wash-
ington, United States, e-mail: j.swinnen@cgiar.org
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Tropentag 2023 – Invited Paper

The interplay of agriculture, land use, climate change, and
food security

CATHERINE NAKALEMBE
University of Maryland, Dept. of Geographical Sciences, United States

Food security in sub-Saharan Africa is a critical issue, with approximately 140
million people facing acute food insecurity, according to the 2022 Global Re-
port on Food Crises. To address this challenge effectively, understanding the
dynamics of land use, climate change impacts on agricultural productivity,
and factors influencing food access and resource distribution is crucial. This
talk delves into the complex interplay between agriculture, food security, land
use, and climate change in sub-Saharan Africa, exploring sustainable path-
ways and the role of remote sensing and machine learning technologies in
enhancing decision-making. We can identify opportunities for more sustain-
able and equitable solutions by utilising data-driven approaches, especially
concerning regional food security. The talk emphasises the potential for these
technologies to drive positive change on a large scale.

Contact Address: Catherine Nakalembe, University of Maryland, Dept. of Geographical Sci-
ences, College Park, United States, e-mail: cnakalem@umd.edu

ID 989 9



Tropentag 2023 – Invited Paper

Food system transformation through the lenses of nutrition
and equity
JODY HARRIS

World Vegetable Center, Food Systems East and Southeast Asia, Thailand
Food systems are currently not delivering food security and good nutrition
for all. Classically, it is the most marginalised groups in a given society who
are most malnourished and least able to engage with food systems to ob-
tain a healthy diet. So we need to acknowledge this, and understand who is
marginalised and why and how, in order to transform food systems to leave
no-one behind.
Marginalisation is the key concept that underpins inequity. We know that
much food systems and nutrition research concerns itself with aspects ofmar-
ginalisation, for instance the disempowerment of women, or disparities in
income. But other axes of marginalisation, such as age, ethnicity, disabil-
ity, sexuality, and geographic marginalisation come up far less often in the
food systems literature, when looking at who has these different outcomes.
The interactions between these different aspects of marginalisation – inter-
sectionality – are studied even less often. And the structural determinants of
marginalisation – inequitable access to basic services, resources and political
redressal; and power relations and social norms – are also under-explored in
our field.
This keynote will present the Nutrition Equity Framework, to provide a logic
for how researchers and practitioners can acknowledge, assess and address
inequity in food systems; and offer insights from the newUN-CFSHigh Level
Panel of Experts report on addressing inequality and inequity in food systems
for food security and nutrition. The talk will argue not for a specific transfor-
mation approach, but rather for considering nutrition among key food system
outcomes; and equity as key to the process of negotiating transformation and
change.

Keywords: Food systems

Contact Address: JodyHarris, World Vegetable Center, Food Systems East and Southeast Asia,
P.O. Box 42, 74151 Shanhua, Tainan, Thailand, e-mail: jody.harris@worldveg.org
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Tropentag 2023 – Invited Paper

Rethinking agricultural strategies for Africa: Moving beyond
the green revolution to embrace agroecology

MILLION BELAY
General Coordinator, Alliance for food sovereignty in Africa and Panel Member IPES
Food, Uganda

This presentation advocates for a fundamental shift in African agricultural
strategies, urging a departure from the conventional Green Revolution ap-
proach and a move towards embracing agroecology. The limitations of the
Green Revolution, including environmental degradation, high production
costs, and vulnerability to pests and diseases, are discussed, highlighting the
need for amore sustainable and inclusive alternative. Agroecology, grounded
in ecological principles and local knowledge, offers a context-specific and
climate-resilient pathway to transform African agriculture. By prioritising
biodiversity, sustainable resource management, and farmer empowerment,
agroecology can address food security challenges while promoting environ-
mental sustainability and social equity. The speech presents successful ex-
amples and research findings that underscore the positive impacts of agroe-
cology on food security, biodiversity conservation, climate adaptation, and
rural livelihoods in diverse African contexts. Embracing agroecology enables
Africa to create resilient and equitable agricultural systems that tackle climate
change and resource constraints while safeguarding community well-being
and ecological integrity.

Contact Address: Million Belay, General Coordinator, Alliance for food sovereignty
in Africa and Panel Member IPES Food, P.O. Box 571, Kampala, Uganda, e-mail:
million.belay@afsafrica.org

ID 972 11



Tropentag 2023 – Invited Paper

The roles and potentials of micro, small and medium scale
enterprises for inclusive value chains in developing regions

LENIS SAWEDA LIVERPOOL-TASIE
Michigan State University, College of Agriculture & Natural Resources, United States

In the last three decades, agri-food value chains (AVCs) have been grow-
ing and transforming rapidly in developing regions. This transformation is
driven in part by urbanisation, population & income growth, and market
deregulation. These have caused shifts in consumption patterns which have
stimulated significant supply response; largely domestic. This transforma-
tion has been facilitated by enormous aggregate investment on the part of the
many micro, small, and medium enterprises (MSMEs) in the “midstream”
and “downstream” of AVCs, comprising the wholesale, logistics, processing,
and retail segments of value chains. Despite their critical role inmaking nutri-
tious and safe foods available to consumers, limited attention in research and
national or international policy discussions has been directed toward these
value chain segments. In this talk, I will draw from several research projects
to reflect on the potential roles of theseMSMEs (particularly in themidstream
anddownstreamof food supply chains) inmaking the transformation of these
value chains more inclusive and the associated implications for policy and re-
search.

Contact Address: Lenis Saweda Liverpool-Tasie, Michigan State University, College of Agri-
culture & Natural Resources, East Lansing, United States, e-mail: lliverp@msu.edu
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Tropentag 2023 – Invited Paper

Competing narratives for livestock development and policy
IAN SCOONES

PASTRES, Institute of Development Studies, University of Sussex, United Kingdom
This presentation will offer a new narrative for livestock development and
policy, focusing on extensive livestock and pastoral systems from across the
world. Making use of half the world’s land surface, rangelands are an im-
portant site for the production of animal-source foods and other products,
generating livelihoods for millions. Yet extensive livestock systems are poorly
understood, with herders and their livestock frequently cast as the villains of
climate change and environmental destruction. The new narrative challenges
these assumptions and suggests alternative pathways for development and
policy around five intersecting themes: mobility, land and environment, cli-
mate, diets and markets. The new narrative highlights the potentials for live-
stock systems to enhance the environment and biodiversity, while limiting
impacts on the climate. The narrative in turn means development pathways
that recognise pastoralism and extensive livestock production as productive,
modern systems based on mobility, flexibility and adaptability, and embed-
ded in local social relationships and collective networks.

Contact Address: Ian Scoones, PASTRES, Institute of Development Studies, University of Sus-
sex, Brighton, United Kingdom, e-mail: ian.scoones@gmail.com

ID 987 13
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Crops and cropping systems

Irrigation alone cannot counteract adverse climatic effects on
macadamia yields in South Africa

THOMAS BRINGHENTI1, ISSAKA ABDULAI1, MUNIR HOFFMANN2, ELSJE JOUBERT3,
MARCO MORIONDO4, REIMUND P. RÖTTER1, PETER TAYLOR5

1University of Göttingen, Dept. of Crop Sciences: Tropical Plant Production and Agri-
cultural Systems Modelling (TROPAGS), Germany

2AGVOLUTION GmbH, Germany
3Levubu Centre for Excellence, South Africa
4National Research Council of Italy, Institute of BioEconomy (CNR-IBE), Italy
5University of the Free State, Zoology and Entomology Department and Afromontane
Research Unit, South Africa

Macadamia is a high value tree nut crop experiencing a considerable rise in
global demand. South Africa is the world largest producer of macadamia
nuts, with production areas rapidly expanding in the country. However,
yields are highly variable and have been declining in recent years, in conjunc-
tionwith increasingly severe climate change impacts in the region. Therefore,
to sustainably increase the productivity and climate-resilience of macadamia
orchards, the effect of environmental factors on the trees’ vegetative and re-
productive cycles needs to be better understood. To this end, we quantified
the extent towhich climatic and soil factors drivemacadamia yields in Levubu
(South Africa) along an altitudinal gradient (600–950m a.s.l.), for irrigated
and rainfed orchards, separately. For this we applied mixed-effects models
on historical production data for the years 2010–2021 from 247 orchards. On
this background, the role of irrigation in counteracting the impact of abiotic
stresses on macadamia phenology and productivity was evaluated.
We found a pronounced interannual variability of macadamia yields (from
1.2 to 4.0 tons dry nut-in-shell ha−1). Higher yields were found at elevations
>700m a.s.l. and in micro-sprinkler irrigated orchards. Orchard characteris-
tics and environmental variables jointly explained 49% of the yield variabil-
ity. Cultivar, presence of irrigation, tree age and planting density were found
to affect yield, while no significant effect was found for soil variables. High
temperatures and low global radiation during the nut development stages,
alongside poor rainfall amounts in the dry season, were the climatic factors
more severely affecting yields. In particular, low irradiance was the main
yield limiting factor in irrigated orchards, while extremely high temperatures
and poor rainy seasons were most limiting in the rainfed ones. Increased irri-
gation amounts, although beneficial, were not fully compensating the impact

Contact Address: Thomas Bringhenti, University of Göttingen, Dept. of Crop Sciences:
Tropical Plant Production and Agricultural Systems Modelling (TROPAGS), Grisebachstr. 6,
37077 Goettingen, Germany, e-mail: thomas.bringhenti@uni-goettingen.de
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of climatic factors on productivity. Our findings suggest that irrigation alone
cannot counteract adverse climatic effects on macadamia yields. To sustain-
ably increase macadamia productivity and resilience to climate change, abi-
otic stress impactswill have to be reduced through a combination of improved
orchard management and breeding for stress tolerance.

Keywords: Abiotic stress impact, altitudinal gradient, climate change, irriga-
tion systems, Macadamia spp., yield limiting factors
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Change along the way? Balancing systems approach and
comparability when adapting long-term experiments

EVA GOLDMANN, AKANKSHA SINGH, DAVID BAUTZE, LAURA ARMENGOT, JOHANNA
RÜEGG, MARC COTTER, NOAH ADAMTEY, AMRITBIR RIAR, BEATE HUBER
Research Inst. of Organic Agriculture (FiBL), International Cooperation, Switzerland

SysCom was initiated to provide evidence for the performance and viability
of organic agricultural cropping systems in the tropics. While case studies
and long term studies were available for temperate zones, little scientifically
backed-up evidence was available to assess the potential of organic agricul-
ture in sustainable development in countrieswithin the tropical climate. Thus
in 2007 long term trials in India, Bolivia and Kenya were established, compar-
ing in each country two organic systemswith two conventional systems based
on locally relevant cropping systems and main crops (cotton, cocoa, maize).
Combining the existing practical examples and recommendations from local
agricultural institutions organic and conventional treatment were designed,
putting high emphasis on the local relevancy and prevalent practices. After
the systems established it became clear that organic systems in our long-term
experiments (LTEs)were lacking behind in profitability and productivity, not
offering a valuable approach for local farmers to sustain their livelihoods. In
our analysis we had to realise that often amere copy of conventional practices,
substituting conventional with organic inputs would not suffice to provide
solid evidence on the potential of organic agriculture in the tropics.
Using the example of the SysComprogram, wewant to discuss the challenges
and opportunities of adapting LTEs, confronting questions on how to adapt
the three LTEs implemented in different countries to still be in nexus to each
other, how to balance systems approaches to optimise the different compared
treatments while still being comparable to each other and finally how to meet
the golden mean of innovative and optimised farming approaches while be-
ing realistic and relevant to local contexts. The adaptations realised in the
annual cropping system LTEs, such as changing input levels and seed mate-
rial, introducing more complex intercropping patterns and crop rotations are
proving to be valuable additions to our experiments. The positive impacts on
productivity and profitability, especially on the organic systems can serve as
a examples of sustainable locally adapted production systems, allowing also
smallholder farmers to sustain their livelihood also in the future on farming.

Keywords: Annual cropping systems, cotton, India, Kenya, long-term trial
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Improving the productivity of the sorghum-cowpea
intercropping systems through varietal diversity in

Sudano-Sahelian zone of Burkina Faso
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MYRIAM ADAM6
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Cereal-legume intercropping systems are one of the most commonly practised crop-
ping systems in Sub-SaharanAfrica. Despite theirmultiple agroecological, crop yields
remain low in the Sudano-sahelian zone of Burkina Faso. Our study aims to improve
the productivity of this intercropping system through the use of varietal diversity.
Specifically, it aims to (i) characterise the type of sorghum-cowpea intercroppingmost
commonly practised by farmers, (ii) identify the most productive sorghum and cow-
pea varieties, and (iii) identify the agro-morphological traits of varieties that influence
productivity in this system. Surveys of 170 farmers and monitoring of 80 farmers’
plots were carried out in the Centre-Nord region of Burkina Faso. Sorghum (13) and
cowpea (11) varieties, selected in a participatorymanner, were evaluated in intercrop-
ping systems during the 2018 and 2019 seasons, at Saria research station. The results
showed that intercropping in the same seed hole is themost practised cropping system
with 98% of respondents. It is mainly practised with local varieties (92% for sorghum
and 67% for cowpea). Yields measured on farmer’ fields were highly variable (CV
� 40%) and low (average � 500 kg.ha−1) for both crops. Intercrops were relatively
more productive than the corresponding sole crops for all varieties with land equiv-
alent ratios (LER) ranged between 1.00 and 1.79. Optimal productivity combinations
were obtained with the sorghum varieties CSM 63E, Pisnou and PSE08 G1/21–1G1,
and the cowpea varieties Kvx396–4-5–2D, Yiisyande, Niizwe and Tiligré. Sorghum
cycle duration (r=-0.49), plant height (r=+0.60), and chlorophyll content in sorghum
leaves (r=+0.66) were traits that most influenced grain yields of sorghum when in-
tercropped. Cowpea cycle duration (r=-0.25), branching length (r=+0.30), and com-
petitiveness ratio (r=-0.31) were the most influential cowpea traits on sorghum grain
yield. The varieties identified could be proposed to farmers for improved productiv-
ity.
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Water use efficiency and the net ecosystem C balance
assessments from rice cultivation in Benin
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The water use efficiency (WUE) and net ecosystem carbon (C) balance (NECB) are
key indicators of agroecosystems, used to describe the trade-off between yield on the
one hand, and required water and soil C loss/gain on the other hand. Considering
the different farming practices, sustaining, or even increasing yields while improving
water use and limiting carbon loss is therefore vital for sustainable agriculture. Here,
we seek to assess the WUE and the NECB from rice cultivation as affected by differ-
ent water management and N fertiliser rates in southern Benin. A field experiment
was established from November 2022 to March 2023 at Koussin lélé, Cove district, us-
ing a split-plot experimental design. The main plots are different water management
measures, which include continuous flooding (CF) and two thresholds (at 15 cm and
30 cm below surface) of alternate wetting and drying (AWD) irrigation (AWD15 and
AWD25). The subplots are two rates of N fertiliser that include 90 kg ha-1 (farmer’s
practice) and 120 kgha-1 (high amount of fertiliser). WUE and the NECB were as-
sessed based on dynamic, manual closed chamber (A: 0.16 m2; V: 0.16 m3) measure-
ments of evapotranspiration (ET), ecosystem respiration (Reco), and net ecosystem
exchange (NEE), which were performed biweekly with a novel, low-cost ET, and CO2
flux logger system. Measured CO2 and ET fluxes were calculated using modular R
scripts. The results showed that the agronomic WUE (yield (g)/ET (mm)) ranged
from 1.63 g mm−1 to 2.36 g mm−1 and was highest under CF and AWD15 with N90
(statistically similar). All the treatments were small C sinks. The highest negative
NECB (atmospheric sign convention) was recorded under CF with N120 (-30.98 g
C m−2) whereas the NECB was recorded under AWD15 with N120 (6.28 g C m−2).
The increase in negative NECB was in the order CFN90 > AWD15N90 > CFN120>
AWD25N90 > AWD25N120> AWD15N120. In addition, the grain yield under CF
and AWD15 are statistically similar. Therefore, we recommend adopting the AWD15
irrigation regime with an application rate of N 90 kgha-1 for sustainable irrigated rice
production.
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Environment-specific selection of high-quality cotton
cultivars from on-station and on-farm trials

ALEXANDER HEER, TANAY JOSHI, MONIKA MESSMER, AMRITBIR RIAR
Research Inst. of Organic Agriculture (FiBL), Switzerland

Selecting qualitatively high cotton cultivars is a critical aspect of cotton breed-
ing programs. However, choosing cultivars is not straightforward. Genotype
× environment (G×E) interactions have to be considered when choosing va-
rieties for cultivation. This holds especially true in organic farming where
natural stress resistance is crucial in the absence of genetic modifications.
For on-station trials, GGE biplots have become a popular tool for selecting cul-
tivars. We applied the method to data from our on-station trials conducted at
five sites in India and for 29 cotton cultivars. The sites included different farm-
ing conditions and the cultivars were a mix of hybrids and non-hybrids from
the Gossypium hirsutum and Gossypium arboreum species. Using the PPBstats
package in R, we identified suitable varieties for each site. Cultivar perfor-
mance varied greatly between sites. Varieties bred at a site performed partic-
ularly well, showing the importance of environment-specific breeding.
On-farm trials are a participatory breeding approach that enables farmers to
participate directly in the decision-making. However, estimating G×E effects
is difficult due to the trial design. To analyse our on-farm trials conducted on
102 farms in India, testing 32G. hirsutum andG. arboreum varieties, we applied
a hierarchical Bayesian G×E model. The analysis was done using the PPB-
stats package in R. Farm clusters in which the tested cultivars performed sim-
ilarly were identified. Well-performing varieties for each cluster were found
through mean comparisons within each farm. Furthermore, a GGE biplot
analysis was performed by pooling farms along agroclimatic zones to iden-
tify suitable cultivars on an agroclimatic level. The preliminary results from
the GGE biplots have lower precision for the individual farmers that partic-
ipated in the trials than the hierarchical Bayesian method but can be used
for giving recommendations to policymakers and stakeholders for selecting
cultivars based on agroclimatic zones. Thus, the combination of the two ap-
proaches can be used for decision-making on G×E cultivar selection through
on-farm trialswhile providing participating farmerswith tailored recommen-
dations for their own cultivation.

Keywords: Cultivar selection, genotype by environment interaction, on-farm
trials, on-station trials, organic cotton, site-specific breeding
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Adapting the CROPGRO model to simulate biomass
production and soil organic carbon of Brachiaia cv. hybrid

Cayman and Panicum maximum in East Africa
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1The Alliance of Bioversity International and CIAT, Tropical Agriculture, Kenya
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3International Centre for Tropical Agriculture, Climate Action, Colombia

Biophysical models are key to inform management activities that can restore
degraded soils and ultimately improve biomass production and soil organic
carbon (SOC) sequestration. Within East Africa several studies have been
conducted to evaluate models in annual cropping systems, and to quantify
the impacts of different agronomic management options on soil organic car-
bon and yields. However, no modelling studies exist on perennial forage
grasses, which are important for mixed-crop livestock systems within the re-
gion. We evaluate the CROPGRO-Perennial Foragemodel (CROPGRO-PFM)
using harvested biomass and SOC data from several sites across Kenya and
Tanzania. Themodel version initially parametrized forBrachiaria cv. Marandu
and Panicum maximum in Brazil is applied to simulate Brachiaria cv. hybrid
Cayman and Panicum maximum in the two countries. We modify model pa-
rameters to improve d-statistic and root mean square error (RMSE) for bio-
mass and SOC. Our results show that the CROPRO-PFM model can simulate
biomass of Brachiaria cv. Cayman under different soils and weather condi-
tionswith an acceptable adjustment of parameters including soil water (lower
limit, drained upper limit, saturated water content) and stable soil organic
carbon. The d-statistic for harvested biomass across the Tanzania sites ranged
between 0.78 to 0.97, while the root means square error ranged between 0.6
to2 t ha-1. Sensitivity simulations with increased manure application rates of
5 t ha-1 show an increase in SOC of up 0.833 t ha-1 yr-1. These results suggest
that the CROPGRO-PFM can be used to simulate growth of Brachiaria cv. Cay-
man adequately under rainfed conditions in the East African highlands.

Keywords: Biomass, Brachiaria, Kenya, perennial forage model, soil organic
carbon, Tanzania
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Nitrogen fixation and nitrous oxide emissions in tropical
silvopastoral systems based on Urochloa grasses and

Leucaena shrub legume
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MURGUEITIO2, JACOBO ARANGO1
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Cattle production in tropical regions is largely dependent on monoculture
pastures, which are characterised by low technology adoption and high land
occupation. The introduction of legumes in tropical pastures has been pro-
posed as a potential alternative to increase forage and animal productivity
while maintaining soil quality without the use of synthetic inputs. However,
the impact of increased nitrogen inputs via symbiotic fixation by legumes on
soil nitrogen gaseous losses has received limited attention. To evaluate the
potential of shrub legumes to improve nitrogen cycling in pastures of Valle
del Cauca, Colombia, we conducted a one-year study from 2021 to 2022. Four
pasture treatments, including Urochloa hybrid cv. Cayman and U. brizantha
cv. Toledo alone and in association with the shrub legume Leucaena diversifo-
lia, were evaluated. We measured plant biomass production, forage nitrogen
uptake, nitrogen fixation of L. diversifolia, and nitrous oxide emissions from
soil after the application of urine patches in the pastures. Pasture treatments
associated with L. diversifolia produced up to 36% more forage biomass and
showed up to 50% higher nitrogen concentration in leaf tissue than the Cay-
man and Toledo grasses growing alone. Furthermore, the proportion of nitro-
gen derived from the atmosphere in L. diversifoliawas estimated to be around
50%. Although absolute nitrous oxide emissions after the application of urine
patches were higher in pastures associated with L. diversifolia, the increase in
forage production per unit area led to up to 18% lower intensity of emissions
than in grass alone pastures. Our findings suggest that integrating Urochloa
grasses with legumes such as L. diversifolia is a promising alternative to sus-
tainably intensify animal production without increasing gaseous N losses.
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Do groundnut haulm quality influence farmers decision on
variety adoption? An explorative study from an eastern

Indian state
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Crop residue contributes major shares (61%) of total dry matter intake in mixed crop-
livestock systems, while dual-purpose crops play an important role-grain provides
feed for human and crop residue used as feed for the livestock and will continue as
available land is declining due to urbanisation and population growth. Groundnut is
one of the important dual-purpose crops, where its haulm provides high-protein to
ruminants especially in low-rainfall/dry land agro-economy system. Identifying the
improved variety having both high pod yield and better haulm quality and dissem-
inating will have high positive impact on the livestock productivity. Having impor-
tance of groundnut for both food and feed, ICRISAT and ILRI embarked on selecting
superior varieties of groundnut in India having better pod yield and nutritive quality
of their haulms since 2006. As a result, a new improved variety namely ICGV91114
was identified and released nationwide in 2007 including Odisha. This variety (lo-
cal name ‘devi’) was successfully adopted by the government system and also widely
adopted by farmers in Odisha.
In this context, the study aimed to provide both qualitative and quantitative insights
into the adoption of ‘devi’ variety by the farmers through focus group discussion cov-
ering 439 villages from 9 districts. Two stage samplingmethodswere followed to iden-
tify the villages.
Farmers’ choice of adopting groundnut variety depends on various factors like grain
yield, availability of seed, availability on time, haulm quality, haulm yield and such
others. We observed that adoption of particular groundnut variety is depending upon
the grain yield followed by seed availability in particular time (especially during plant-
ing period) and haulm quality. Though, farmers prefer to grow ‘devi’ variety as it
has high pod yield and better haulm quality, due to non-availability of seed, farmers
plant other varieties that are available during the planting period (January-February).
While disseminating the devi variety, stakeholders involved in the releasing process
did not consider the haulm quality, only focused pod yield. Therefore, to improve the
adoption of improved dual-purpose groundnut or any other crop, there needs to dis-
seminate the information on benefits of dual-purpose crops among farmers, improve
the seed value chain system and marketing.
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Alternative agricultural approaches for the South:
All the same or clear distinctions?

ROBERT SCHÄFER, BERNHARD FREYER
University of Natural Resources and Life Sciences, Vienna (BOKU), Div. of Organic
Farming, Austria

The objective of this study is to assess alternative agricultural approaches that have
the potential to cope with the multiple crises smallholder farmers in the South are
confronted with.
Agri-food systems have been identified to contribute to soil degradation, loss of bio-
diversity, and greenhouse gas emissions at least substantially. Meanwhile, the threat
particularly to livelihoods in areas of the global south intensifies but the challenges
go beyond environmental aspects. The mineral fertiliser crisis – high prices, accessi-
bility, and lack of delivery in time –, while alternative approaches to fill the gap are
lacking, is further increasing food insecurity. Equally, the role of socioeconomic and
political disturbances becomes more and more apparent and necessitates addressing
contemporary and future crises of agri-food systems.
Today, we are confronted with a plethora of approaches that aim at transforming agri-
cultural systems towards amore sustainable relationship between humankind and the
environment. Consequently, many of these introduce innovations in the composition
of crops, technology, and applied practices but likewise address the social and ethical
dimensions of agriculture. The manyfold approaches lead to a lack of clarity for all
actors coping with agriculture.
Addressing this complexity, we selected six agricultural approaches for further anal-
ysis based on their agroecological potential, their transformative claims, the variety
of their methods/practices, and their current distribution: Conservation tillage, ev-
ergreen agriculture, holistic management, regenerative agriculture, syntropic agricul-
ture, and organic agriculture are all approaches that have shownpromise in improving
sustainability in agriculture. As they focus on different ways to tackle environmental
and social issues and employ different practices, we argue that there is no one-fits-all
solution to every/each future challenge and trade-offs are necessary.
We differentiated these systems according to their ecological, cultural, economical,
and market potentials, and assessed their strengths and weaknesses against a set of
ecological and socio-economic criteria, to provide a comprehensive overview and sub-
sequently identify merging potential and possible synergies. Doing so, we refer to
scientific literature defining and assessing these agricultural approaches.
We finally examined the applicability of those approaches to smallholder farms in
(sub-)tropical surroundings and conclude with policy recommendations.
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Life cycle inventory of soybean production systems in
Minas Gerais and Paraná states, in Brazil
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Soybean (Glycine max L.) is among the major grains produced globally as it is an effi-
cient source of proteins and lipids, mainly used as animal feed, food, oil and biofuel.
Brazil is the current global leader in production, with soybean grown in all its biomes.
Soybean system is facing multiple sustainability crisis as its intensive production is
driving environmental crises such as deforestation, biodiversity loss, soil degradation,
water scarcity and pollution, and thus climate change. Alternative systems such as
organic or the claimed ‘sustainable’ production are emerging. There is, therefore, a
need for a comprehensive understanding of environmental impacts of different soy-
bean productions systems. While many Life Cycle Inventory (LCI) studies of soybean
AFVCs have emphasised on intensive production systems, oftenwith carbon footprint
as the main impact category, there is still a research need to cover alternative produc-
tion systems, with more relevant impact categories. The aim of this research is to pro-
vide a detailed LCI of soybean production systems in Paraná and Minas Gerais states
in the Atlantic Forest biome. Data has been collected through surveys, interviews, and
observations, and will be complemented with scientific literature data and the Ecoin-
vent 3.9 database. The inventory from cradle to farm gate has revealed four soybean
production systems: conventional, organic, transgenic, and ‘sustainable’. The direct
planting, weed control, biofertilisers and bioinputs production on farms were found
to be among the factors hindering sustainable and organic soybean intensification. In-
tercropped soybean with coffee seemed to use smaller machinery but more fuel as
huge machines seem to save fuel but at a high ecological cost of soil compaction and
biodiversity loss. The inventory analysis is ongoing and will be followed by impact
assessment using brightway2. By the end of this and subsequent research objectives,
we will have provided evidence on where environmental loads and savings take place
in different production systems of soybean, consumed, and wasted. With the broad
range of impacts quantified, this work will raise awareness and show environmental
trade-offs on the level of soybean footprints in Brazil, for improvement of sustainability
research and decisions in soybean food system.
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Perception of smallholder farmers on efficacy of ecological
farming in Chiradzulu district, southern Malawi
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The majority of sub-Saharan countries, including Malawi, heavily rely on cereals such
as maize as their staple food. However, climate change and poor farming practices
have led to soil degradation, hindering smallholder farmers’ ability to increase maize
production. This problem is compounded by the escalating costs of inorganic fer-
tilisers, which smallholders are forced to use. This practice also leads to high trans-
action costs within the value chain system, and increases food prices. Malawi, like
many other sub-Saharan countries, is dependent on inorganic fertiliser imports from
the global North. Any supply chain disruption, such as the Russian-Ukrainian war,
creates a bottleneck that makes fertiliser scarce and expensive, exacerbating food inse-
curity in the region. To address this issue, there is an urgent need for a radical sustain-
able option for the farmers. Ecological farming has been proposed as a cost-effective
and sustainable alternative to conventional farming that can improve soil health and
reduce the dependence on increasingly expensive inorganic fertilisers. However, de-
spite the potential benefits, smallholder farmers in many sub-Saharan African coun-
tries, including Malawi, have been slow to adopt ecological farming practices. To un-
derstand why this is the case, we examined the perception of smallholder farmers on
the efficacy of ecological farming in Traditional Authority Mpama, Chiradzulu dis-
trict in Malawi. Our study involved five focus group discussions and structured inter-
views with 120 smallholder households, and we analysed the data using qualitative
approaches and the principle of weighted average index. Our findings indicate that
at least 60% of smallholders perceive ecological farming technologies as retrogres-
sive and non-productive. Furthermore, we identified a significant association between
socio-economic characteristics of respondents and community perceptions on efficacy
of ecological farming. To overcome these barriers, we suggest implementing interven-
tions that improve knowledge levels, attitudes, and behaviours of farmers through
capacity building, sensitisation, and mobilisation. We believe that these interventions
can effectively promote the adoption of ecological farming among smallholders, lead-
ing to increased food security and reduced dependence on expensive and lethal tech-
nologies.
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Perennial soybean (Neonotonia wightii Wight & Arn.) is a herbaceous peren-
nial forage legume that is mainly used as pasture or hay for animals. It is a
nitrogen fixing legume that can be grown as a cover or fallow crop and con-
tributes to improved soil fertility and productivity of crops. It is a drought
tolerant climate adaptive species with an annual productivity of up to 10 tons
DM/ha. The ILRI Genebank holds over 400 accessions with little information
on the collection. Generating information and understanding the collection
through genotyping and phenotypic characterisation is necessary to promote
greater use and to rationalize and efficiently curate the collection. Preliminary
passport data assessment showed some potential duplicates in the collection.
In line with this finding, we used a molecular approach to study the identi-
fied potential duplicates. GenomicDNAwas extracted fromyoung leaves col-
lected from healthy growing seedlings in the greenhouse and sent for geno-
typing at SEQART, ILRI Nairobi, Kenya. The generated genotyping data were
used to assess the genetic distance/similarity among the accessions. Visual-
isation of the hierarchical clustering, principal component analysis, genetic
relationship matrix and genetic distance were used to assess the genetic rela-
tionship of the accessions. The result showed the accessions are differentiated
from each other with varying level of genetic distance (0.123–0.370 Roger dis-
tance and 0.4687–0.9136 Hamming distance). Thus, the result from this study
demonstrates that genotyping data can be used to complement the passport
and phenotypic data to assess potential duplicates and for efficient curation
of germplasm in the genebank.

Keywords: Duplicates, genebank, genetic distance, germplasm, perennial
soybean
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Assessment of slow-growth treatments to develop an efficient
in vitro medium-term conservation method for garlic

(Allium sativum L.)
STACY DENISE HAMMOND HAMMOND1, HYNEK ROUBIK2, JIRI ZAMECNIK1,

BILAVCIK ALOIS1, OLENA BOBROVA1, MILOS FALTUS1
1Crop Research Institute, Division of Plant Physiology and Cryobiology, Czech Republic
2Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of
Sustainable Technologies, Czech Republic

The study aimed at assessing various osmotic agents and plant growth reg-
ulators at varying concentrations to determine their effect on growth reduc-
tion to develop an efficient slow-growth storage protocol for the medium-
term conservation of garlic (Allium sativum L.). Osmotic agents, sorbitol (20–
60 g l-1), mannitol (20– 60 g l-1), and sucrose (30– 150 g l-1) and plant growth
inhibitors chlorcholinchlorid (CCC) 200– 600mg l-1 and abscisic acid (ABA)
at 1– 5mg l-1 were tested as media supplements in combination with 18±1°C
cultivation temperature to determine their effect on growth reduction. Full-
strength and ½ concentrated MS were used as basal culture media and con-
trol. Preliminary findings after a 5-month treatment time duration show that
MS medium is more effective in reducing plant growth in combination with
the testedmedia supplements, while ½MS is not effective in further reducing
plant growth, demonstrating a stimulating effect on growth even in combina-
tion with the tested media treatments. Overall, MS media +ABA treatments
(1, 3 and 5mg l-1) proved to be the most efficient in inducing slow-growth,
with plantlets reaching an average height of just 2.1 cm, 1.4 cm and 1.0 cm, re-
spectively, almost 3 times lower growth compared to the control MS medium
(4.7 cm) after the 5-month storage. However, the mannitol treatments proved
ineffective and induced hyperhydration (HH) as a form of morphological ab-
normality. The other treatments also induced slow-growth but were less ef-
fective than the ABA treatments. Further research is being conducted to push
the boundaries and assess the effect of the tested treatments in reducing the
growth of garlic in time. This research will contribute to the development of
an efficient medium-term in vitro conservation protocol for garlic, the second
most important Allium species.
Acknowledgements: This researchwas funded by theMinistry of Agriculture
of the Czech Republic, grant number MZE RO0423.
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Genotypic variation and associated loci for lateral root
density and length in rice (Oryza sativa L.)
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Many abiotic stresses associated with climate change will be most acutely perceived
by the plant at the root-soil interface where fluctuations in soil moisture affect water
and nutrient uptake. As rainfall patterns change water supply is becoming less pre-
dictable and that has caused shifts in rice production systems away from transplanting
into flooded fields towards direct sowing into drier soil. The rice root system consists
of two lateral root types, indeterminate larger L-types capable of further branching,
and determinate, short, unbranched S-types. L-types correspond to the typical lateral
roots of cereals whereas S-types are unique to rice. Both types contribute to nutrient
and water uptake and our objectives were to assess whether genotypic variation for
density and length of these laterals could be exploited in rice improvement to enhance
adaptations to nutrient and water-limited environments. A QTL mapping population
developed from parents contrasting for lateral root traits was grown in a non-flooded
low-P field, roots were sampled, scanned and density and length of lateral roots mea-
sured. OneQTL eachwas detected for L-type density (LDC), S-type density on crown
root (SDC), S-type density onL-type (SDL), S-type length onL-type (SLL), and crown
root number (RNO). The major-effect QTL for LDC on chromosome 5 accounted for
46% of the phenotypic variation and additional field experiments confirmed that lines
with the donor parent allele at qLDC5 had 50% higher LDC. Simulating effects of al-
lelic differences of main QTL in a P uptake model indicated that qLDC5 was most
effective in improving P uptake followed by qRNO9 for RNO and qSDL9 for S-type
lateral density on L-type laterals. Pyramiding qLDC5 with qRNO9 and qSDL9 is pos-
sible given that trade-offs between traits were not detected. Phenotypic selection for
the RNO trait during variety development would be feasible, however, the costs of
doing so reliably for lateral root density traits is prohibitive and markers identified
here therefore provide the first opportunity to incorporate such traits into a breed-
ing program. Breeding lines combining above QTL are currently being tested without
supplementary irrigation in farmers’ fields in Madagascar.
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Survey and collection of solanaceous indigenous plants in
central Vietnam

HOANG PHAM LE1,2, TRAN THU THI HA2, MICHAEL HENRY BÖHME1
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Germany
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In Vietnam is a visible erosion of genetic resources and a decline in biodi-
versity, especially solanaceous plants are seriously threatened in Vietnam.
Therefore, one aim was to conduct an inventory of the distribution of solana-
ceous species in farms and local households in central Vietnam in order to
understand the level of cultivation. In this study were conducted investiga-
tions and surveys in central Vietnam, searching for regions and communities
with high cultivation of non-indigenous and indigenous solanaceous plants.
Furthermore, an aimwas to collectwild solanaceous species in the nature hav-
ing a value as food or as medicinal plants. In general the aim of the research
was focused on the collection of various accessions of solanaceous species
in different regions and creation of germplasm database based on morpho-
logical characterisation in order to restrict the loss of solanaceous genetic di-
versity. One of the studies focused on very economically important species,
cultivars and landraces for example the genus - eggplants. Indigenous solana-
ceous genetic resources often lack information on agricultural characteristics,
genotypes and phenotypes because they have not been evaluated in detail.
The existing database for genetic resources of indigenous Solanaceae plants
in Vietnam is underdeveloped because collection, classification and evalua-
tion are not done systematically. This study tried to contribute knowledge in
this regard. There are many taxonomic problems with the important indige-
nous species of the family Solanaceae in Vietnam, particularly as the Solanum
genus is highly variable and contain a large number of hybrids. Therefore,
identification based on morphological characters is quite difficult. Overall,
under-utilised indigenous solanaceous species should be collected, evaluated
and conserved. In addition, developing of strategies for germplasm conser-
vation for indigenous genetic resources is necessary.

Keywords: Eggplant cultivars and landraces, genetic resources of solana-
ceous plants, germplasm conservation, wild solanaceous species
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Participatory bread wheat variety evaluation through seed
producer cooperatives in Amhara region, Ethiopia
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2Adet Agricultural Research Center, Crop Research, Ethiopia
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5The Alliance of Bioversity International and CIAT, Ethiopia

Adoption rate of improved crop varieties in Ethiopia is very low. The absence of en-
gaging farmers and their community agents such as cooperatives in the process of vari-
ety testing is one of themain factors for lower rates of variety adoption, which resulted
in the lower crop productivity and contributes to weak food systems. Participatory
bread wheat variety evaluation (PVE) was conducted by breeders, seed producer co-
operative (SPC) and development practitionerswith the objectives to identify farmers’
selection criteria, to assess farmers’ preferred varieties and to increase the SPC’s vari-
ety portfolios. Role, responsibility and contribution of each actor were defined with
prior to the experiment. Researchers were responsible for trial management (design,
layout, data collection, analysis, reporting and seed provision), SPC was accountable
for land allocation, practice all agronomic practices as per the research recommenda-
tions and cover local costs. Local practitioners were responsible in capacity building,
field days organisation and follow-up. Eleven released varieties (Wane, Abora, Lemu,
Tay, Danda’a, Kakaba, Alidoro, Denbel, Ogolcho, Liben, Buluk) were evaluated dur-
ing 2020 in Amhara region, Ethiopia. Pair-Wise Ranking Matrix was used to identify
farmers’ selection criteria and Direct Matrix Ranking to prioritise those selected cri-
teria. Randomised complete block design with two replications was used to evaluate
the performance of the varieties both with and without lime applications. Seed yield
was identified the first preferred trait by farmers followed by early maturity, disease
tolerance, tillering capacity, spike length and biomass yield. Combined mean val-
ues showed that higher yield was recorded with the lime application than without.
Lemu (6.4 t ha-1), Alidor (6.3 t ha-1), Denbel (6.3 t ha-1), Aboro (6.1 t ha-1) and Liben
(6.1 t ha-1) were found the highest yielding breadwhat varieties with lime application.
The t-test results confirmed the significant variations between with lime application
and without lime for the number of tillers per plant (0.005), spike length per plant
(0.001), plant height (0.000), 1000 seed weight (0.003), and hectoliter weight (0.018),
but non-significant variation for grain yield (0.121). The selected varieties should be
included in the production plan of the cooperatives for large scale production to in-
crease the variety portfolios and to address the demand of the farming community.

Keywords: Cooperatives, Ethiopia, food systems, participatory variety evaluation

ContactAddress: Dawit Tsegaye Sisay, GIZ / Ethiopia, Kolfe KeranioKefleKetema, 1000Addis
Ababa, Ethiopia, e-mail: dawit.tsegaye@giz.de

38 ID 552



Crop production and management — Posters

The lateral root architecture of the aus-panel
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Drought reduces the grain yield of rice with different intensities in various
developmental stages, indicating a need to find well-performing root pheno-
types for specific drought scenarios. The aus-panel is known for being stress-
tolerant and has a different genetic background from the indica and japonica
panel. This makes it a new genetic source for breeding programs under cli-
mate change aspects.
To understand and screen the lateral root formation and the variation within
the aus-lines, field experimentswere conducted during the dry season of 2022
at the International Rice Research Institute (IRRI). In two locations, 206 lines
mainly from the aus-panel were sown. Besides measurements like yield and
tiller number, crown root samples from the topsoil area were scanned and
analyzed. Surface area and length of the main root and lateral root types,
number of S-type lateral roots, and the average distance between two S-type
lateral roots were measured from this dataset, to serve as an overview of the
phenotypic variation within the aus-panel. We found that the lateral root
surface area did not increase with the nodal root diameter, but the correla-
tion between these traits was weak (R2 < 0.5). In conclusion, root phenotype
variation within the aus-panel can be determined bymeasuringmultiple root
traits with a focus on lateral roots and testing their correlation and variation.
These root phenotypes will be tested in future experimental and modeling
work, to test for beneficial root trait combinations and investigate the role of
lateral roots under drought stress and rewatering conditions to contribute to
stable food crop security.
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Performance of integrated climate smart push-pull system
with pigeon pea as an intensification pathway

SYLVIA BULETI1, SAMUEL WERE1, MOSES GICHUA1, MARY KAMAA MUSYOKI2,
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1Jomo Kenyatta University of Agriculture and Technology (JKUAT), Botany, Kenya
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African farming systems are increasingly being intensified to address need for food
and challenge on diminishing arable land. Push-pull technology is promoted in west-
ern Kenya to sustainably intensify farms and for the management of stem borer, fall
armyworm and Striga weed. Integration of push-pull systems with other sustain-
able intensification practices has potential to advance its acceptability and adaptabil-
ity among smallholders. Push-pull is currently limited in diversity of utility mainly
because the companion crops, Desmodium (push crop) and Brachiaria (pull crop) are
not edible. Participatory research carried out among smallholder farmers in western
Kenya revealed intercropping, agroforestry and crop-livestock integration as priori-
ties for further intensification of push-pull farming systems. The aim of the study
was to determine the effectiveness of push-pull system integrated with pigeon pea
(Cajanas cajan) on productivity and soil fertility. Field experiments consisting of four
treatments (climate smart push-pull (maize + Desmodium + Brachiaria), push-pull +
pigeon pea, maize + pigeon pea, and maize monocrop) were established on fifteen
farms in three counties of western Kenya. A section of the plot was demarcated and
used for data collection on growth, grain and stover yield. Preliminary results show
that growth and yield vary across counties, seasons and treatments. Overall produc-
tivity of the intensified systemwas best in Siaya, followed byKisumu andVihiga coun-
ties respectively. Push-pull + pigeon pea and maize + pigeon pea were superior in
performance based on maize growth and stover yield for season one. Maize + pigeon
pea and push-pull performed better in grain yield than push-pull+ pigeon pea and
maize monocrop for both seasons. Reduction in yield per unit area resulting from in-
tensification of push-pull with pigeon pea is leveraged by alternative products such
as fodder, firewood and diversified diets. Intensification with pigeon pea resulted in
better stover and grain yield in the long rain season further it provided additional
products such as alternative diets in the dry season of 2022, firewood from twigs and
stems, fodder from leaves and pods, soil organic matter from litter and overall system
resilience. Diversification of push-pull can guarantee its successful upscaling in East
Africa for synergy in sustainable food production and environmental conservation.

Keywords: Biomass, Brachiaria, intercropping, pigeon pea, push-pull system, sustain-
able intensification
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Effects of Tithonia diversifolia on the growth, secondary
metabolites and anticandida activity of Cymbopogon citratus

JOSEPH BLAISE DONGMO LEKAGNE1, RUTH NGUM CHE2,
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1University of Yaoundé 1, Cameroon
2University of Bamenda, Dept. of Biochemistry, Cameroon

Tithonia diversifolia is a plant advantice with good content in basic minerals
including nitrogen, phosphorus and potassium, and has been experienced
as an organic fertiliser in some studies. Cymbopogon citratus is an aromatic
and medicinal plant, well known for its medicinal values such as antifun-
gal and antimalarial properties. This study aimed at evaluating the effect of
T. diversifolia powder and compost on the growth parameters, total pheno-
lic and flavonoid contents and anticandida activity of C. citratus. The plants
were cultivated for 8 months in an experimental farm designed as a split
plot into 4 blocks. Each block was treated either with T. diversifolia compost
(150 gplant-1), powder (40 gplant-1) or the synthetic fertiliser (NPK 20–10-
10; 10 g plant-1) respectively, followed by sprayswith same fertiliser treatment
on each block every two weeks after transplantation. The control block re-
ceived no amendment and was sprayed with water. Plant growth parame-
ters (fresh and dry leaves weight, tillers and plant height) were evaluated at
four and eight months after transplantation. The harvested fresh leaves were
hydro-distillated for essential oil and the hot aqueous extract. Both extracts
were used for the evaluation of the anti-candida activity while the latter was
submitted to total flavonoids and phenolic analyses. At 4 and 8 months af-
ter transplantation, the synthetic fertiliser and T. diversifolia compost signifi-
cantly increased plant growth parameters as compared to other treatments.
The plants treated with T. diversifolia compost showed higher total phenolic
(61.13 ± 5.19 𝜇g GAEmg-1), flavonoid (41.17 ± 10.195 𝜇g GAEmg-1), and
essential oil content as compared to the plants from other fertilisers. The es-
sential oil from C. citratus treated with T. diversifolia compost showed the best
inhibitory activity on C. albicans NR-29451. In conclusion, this study showed
that T. diversifolia compost was a promising organic fertiliser in optimising the
growth, secondary metabolites and anticandida activity of C. citratus.

Keywords: Anticandida bioactivity, Cymbopogon citratus, plant growth
parameters, secondary metabolites, Tithonia diversifolia
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Biochar and bioslurry production using water hyacinth from
Lake Tana / Ethiopia – methodological issues and impact on
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Water hyacinth (Eichhornia crassipes) (WH) is an invasive species in LakeTana,
Ethiopia, which infestation increases over the last decade and became a seri-
ous issue for fishery and biodiversity of flora and fauna. Furthermore, the
WH mats are hosting mosquitos as well as bilharziasis.
Several strategies are discussed to reduce WH infestation: (a) reduction of
nutrient flow int the Lake via household and agricultural nutrient input that
are the drivers of WH growth; and end of pipe solutions including (b) chem-
ical reduction of the plant population, and (c) technical reduction via harvest
strategies combined with the transformation of WH biomass towards prod-
ucts for agricultural purposes. This project focus is on strategy (c). The over-
all aim of this research is to analyse the whole chain of harvesting, drying,
storing, transporting, and preparing the biomass for transforming towards
biochar and bioslurry and related residues for composting and biogas pro-
duction, up to the impact of these fertilisers on crops, using tef (Eragrostis tef)
as a reference crop.
Findings inform about nutrient content of the diverse parts of WH, the pro-
cessing characteristics, preparation of the material and logistics and method-
ological aspects. Furthermore, we inform about the impact on crop yield via
different amounts of applications of biochar and bioslurry applications, their
combination, additional mineral fertilisers, compared with a non-fertiliser
control and farmer’s practice.

Contact Address: Bernhard Freyer, University of Natural Resources and Life Sciences, Vienna
(BOKU), Div. of Organic Farming, Gregor Mendel Straße 33, 1180 Wien, Austria, e-mail:
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A first rough calculation clarifies the relation between WH productivity in
the Lake in comparison to the need of nutrients for agricultural production in
smallholder communities along the Lake shore, technical challenges logistics,
labour, economy and acceptance by the local farmers.
Against the backdrop of the mineral fertiliser crisis - shortages, unavailability,
delivery not in time, quality deficiencies, and high prices - alternative organic
nutrient fertilisers are of great importance.

Keywords: Biochar, bioslurry, crop yield, fertiliser, Lake Tana, smallholder
farmers, water hyacinth
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Invasive alien plants and the future of agriculture: Reviewing
control approaches in western Serengeti, Tanzania
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Despite its remarkable contribution to ecosystem sustainability and economic
development, Serengeti and its surrounding communities are highly affected
by invasive alien plants (IAPs). Although some IAPs may have beneficial
applications for some communities, such as providing building materials or
decoration, they are nonetheless known to be damaging. These plants have
extended enormously into farmlands interferingwith agricultural production
in western Serengeti, themain economic activity in the region and considered
the backbone of the country’s economy. This study assesses the impacts of
IAPs on agriculture and potential controlmethods in the Bunda and Serengeti
Districts of western Serengeti, Tanzania. Data was collected through ques-
tionnaires, key informant interviews, and focus group discussions with ran-
domly selected respondents. The study found that while the control of IAPs
has been successful in protected areas, it remains a challenge in adjacent com-
munity lands. The results indicate that IAPs cause significant threats to local
agriculture, soil quality, and biodiversity. Failure to manage IAPs will re-
sult in decreased agricultural production, hampering food security and liveli-
hoods in the affected communities. The study recommends early detection
and rapid response to new invasions and highlights the need for improved
management approaches to address the problem. However, managing IAPs
is an expensive initiative that requires significant investment. The study’s
findings are valuable to farmers, protected area authorities, policymakers,
and other stakeholders interested in managing IAPs.
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alien plants
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Contrasting accessions of tropical forage Urochloa:
Pioneering tool for the prediction of carbon-soil sequestration
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Soil carbon deposition through biomass production as well as plant-soil in-
terface exchange in tropical forage systems may represent huge contribution
to ameliorate the increase of carbon dioxide concentration in the atmosphere
and thus the climate change. Cattle farming in the tropics is predominantly
dependent on pastures with tropical forages. Different accessions of tropical
forages, such as Urochloa humidicola and its hybrids, display a variety of root-
ing strategies, root biomass production and suberin deposition, which is hy-
pothesised to contribute to soil carbon deposition. Root morphological traits,
such as secondary metabolite deposition in hypodermis and/or endodermis,
may represent a versatile phenotyping tool to assess soil-carbon sequestra-
tion capacity of tropical forages. We used Urochloa humidicola, accession nr.
679, and U. humidicola hybrid Bh08 – nr. 1149 to assess root morphology.
Root cross sectionsmade fromdefined relative length revealed less secondary
metabolite deposition in hypodermal layers and epidermis, which is coher-
ent with decreased rooting depth, frequent branching, less soil compaction
resistance, and thus may coincide with less soil-carbon deposition in 1149 hy-
brid compared to 679. Further, 1149 roots displayed lower parenchyma cell
files number, lower main root thickness, poor aerenchyma development, in-
creased lateral root thickness relative to the main root thickness when com-
pared to 679. In conclusion, we have found two contrasting root morphology
phenotypes that perform different rooting strategies. These contrasting geno-
types are currently planted under field conditions in Colombia to test their
impact upon soil carbon sequestration. Further, an extensive phenotyping
will be performed with other numerous accessions, first from hydroponics
and later on from natural soil conditions.
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Relay intercropping of durum wheat and lentil enhances
mycorrhizal functionality, weed control and crop productivity
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Complementary and inter-specific plant-plant associations, like the case of cereal-
legume intercrops, drive the recruitment of rhizosphere microbial communities such
as the arbuscular mycorrhizal fungi (AMF) important in the provision of ecosystem
services that stabilise crop yields and restore soil health. Attempts to assess the im-
pact of intercropping on the functional presence of native AMF communities and their
agronomic potential in rain-fed fields remain inconclusive, more so in intercropping
systems involving winter-spring crops such as durum wheat and lentils. We carried
out a 3-year (2019, 2020, and 2021) field experiment in Central Italy to assess the agro-
nomic performance and mycorrhizal selection of relay intercropped winter durum
wheat (Triticum durum Desf. cv. Minosse) and spring lentil (Lens culinaris Medik. cv.
Elsa) under a low-input management system, comparing different crop stand types
(monocrop vs intercrop) and intercrop densities (350 plants m2–100% wheat dose vs
116 plants m2–33%wheat dose). Relay intercropping enhanced lentil grain yield, du-
rum wheat grain protein concentration and P uptake but marginally reduced durum
wheat grain yield and lentil grain protein concentration. Both intercropping strategies
were effective in controllingweeds and proved beneficial in stabilising the overall yield
productivity (LER 164–648%) compared to sole cropping. Intercropping enhanced
soil mycorrhizal activity but differentially influenced mycorrhizal root colonisation
compared to sole cropping. Root mycorrhizal analyses via Illumina Miseq sequenc-
ing generated a total of 234 amplicon sequence variants belonging to Glomeromycota,
which were assigned to 31 virtual taxa using the MaarjAM reference database. Glom-
eraceae and Claroideoglomeraceae were the most abundant AMF taxa but had con-
trasting abundances in 2020 and 2021. The overall changes in AMF diversity and com-
munity structure were affected by the interaction between crop species and year, and
not by intercropping. Claroideoglomus and Septoglomus showed a strong associa-
tionwith lentil roots while Rhizophagus and Paraglomuswere associatedwith durum
wheat roots in 2020, affirming a strong host genotype-AMF preference. PCA analysis
showed that grain protein concentration was associated with mycorrhizal parameters
such as community richness andAMF root colonisation. This study reveals the impor-
tance of relay intercropping winter-spring crops in stabilising crop productivity and
maintaining soil functionality.
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The influence of endophytic actinomycetes inoculation in
rhizosphere soil on growth and yield quality of tomato

JEERANAN KHOMAMPAI1, NUTTAPON KHONGDEE2, THEWIN KAEOMUANGMOON1,
NAKARIN JEEATID1, PHANUMAT AINTA1, YUPA CHROMKAEW1

1Chiang Mai University, Dept. of Plant and Soil Science, Thailand
2Chiang Mai University, Dept. of Highland Agric. and Natural Resources, Thailand

The study aims to determine the influence of endophytic actinomycetes inoc-
ulation in rhizosphere soil on growth and yield quality of tomato. The experi-
ment was conducted in a net greenhouse at the Agricultural Resource System
Research Center, Faculty of Agriculture, Chiang Mai University, Thailand.
The randomised completely block design (RCBD) was arranged for 4 treat-
ments with 3 replications, whichwere (T1) Control (Growingmaterial), (T2)
Growing material inoculated with TGsR-03–04 (Streptomyces violaceorectus),
(T3) Growing material inoculated with TGsL-02–05 (Nocardiopsis alba), and
(T4) Growing material inoculated with TGsR-03–04 (Streptomyces violaceorec-
tus) and TGsL-02–05 (Nocardiopsis alba) in tomato. Prior to the experiment,
growingmaterial properties analysis andmicrobial isolationwere performed.
Isolated actinomycetes of each treatmentwere inoculated into the root zone of
tomato seedlings. Colonisation of actinomycetes into the root of tomato was
analysed by Scanning Electron Microscopy (SEM). The height of tomato was
measured at 14, 28, 56, and 112 days after transplanting (DAT) and final yield
and yield quality of tomato was assessed at the maturity phase. The SEM re-
sult illustrated that the root of tomato seedling of all treatments were colo-
nized by endophytic actinomycetes. It contributed to plant height at 14 DAT
increased significantly as found in T2 (19.40 cm) compared to the control. Be-
sides, all inoculated treatments enhanced yield and yield quality of tomato.
The highest fruit width (42.05mm), fruit length (53.73mm), and fruit weight
(48.98 g) were obtained by inoculation with the TGsR-03–04 (Streptomyces vi-
olaceorectus) (T2). There was no statistically difference in the number of fruits
per plant and yield per plant when various inoculations of endophytic acti-
nomycetewere applied. Therefore, endophytic actinomycete especially TGsR-
03–04 could be considerably used to improve the growth, yield and yield qual-
ity of tomato.

Keywords: Lycopersicon esculentum, Nocardiopsis alba, root colonisation, Strep-
tomyces violaceorectus

Contact Address: Yupa Chromkaew, Chiang Mai University, Dept. of Plant and Soil Science,
Huay Kaew Road, Muang District, 50200 Chiang Mai, Thailand, e-mail: yupa.c@cmu.ac.th

ID 200 47



Crops and cropping systems

Azolla compost as an alternative source of nitrogen for
organic vegetable cultivation
DUY HOANG VU, THI HIEN NGUYEN

Vietnam National University of Agriculture (VNUA), Dept. of Cultivation Sciences,
Vietnam

The spread of organic farming in Asia has led to the need to find alternative
sources of high quality organic fertiliser. Azolla is a genus of floating water
ferns that is high in nitrogen and organic matter due to its rapid growth and
symbiotic relationship with nitrogen-fixing bacteria (Anabeana azollae). It is
grown as a green manure in rice fields in many Asian countries. However,
little research has been done on the use of Azolla as an organic fertiliser for
vegetable production. The objective of this studywas to evaluate the effects of
different levels ofAzolla compost fertiliser on the growth and yield ofMalabar
spinach (Basella alba) - a popular vegetable crop in the tropics and subtropics
- to improve the process of using Azolla as an organic fertiliser in vegetable
production. The experiment included 6 treatments: Without application-as
control (T1); 1 t ha−1 soybean meal (T2); 16 t ha−1 cow manure (T3); 12 t
ha−1 Azolla fertiliser (T4); 16 t ha−1 Azolla fertiliser (T5); and 20 t ha−1 Azolla
fertiliser (T6). Our results showed that Azolla fertiliser application signifi-
cantly increased shoot length, number of leaves, leaf size, dry matter, leaf
area index (LAI) and SPAD of Malabar spinach compared to control or cow
manure. Application of Azolla fertiliser at rates of 12, 16, and 20 t−1 ha signif-
icantly increased the yield of Malabar spinach by 150, 192, and 205%, respec-
tively, compared to the control and by 37, 60, and 67%, respectively, com-
pared to the cow manure treatment. Our results suggest that Azolla fertiliser
can be used as an alternative organic nitrogen source in organic vegetable pro-
duction. However, genotype selection and rapid multiplication of Azolla are
necessary to develop it as a nitrogen source that meets the requirements of
fast-growing organic agriculture.

Keywords: Azolla fertiliser, Basella alba, manure, organic vegetable
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Title characterisation of the Mayan Milpa system:
Maintenance of crop diversity

KIRSTINE FRIIS LANGE1, IDA BRIX LASSEN1, IDA THEILADE1, MARTEN SØRENSEN2
1University of Copenhagen, Dept. of Food and Resource Economics, Denmark
2University of Copenhagen, Dept. of Plant and Environmental Sciences, Denmark

The Milpa system is a traditional Mayan intercropping system used by small
scale farmers inMesoamerica, which plays a vital role in ensuring food sover-
eignty and maintaining crop diversity. Despite its importance, small scale
farmers are among the poorest in the world and are subject to economic, po-
litical, and cultural forces that shape their livelihood strategies and threaten
Mayan culture. This study aims to characterise the present Milpa system in
El Tablón, Sololá, Guatemala, and examine the farmers’ criteria for selecting
and conserving seeds and crops within the system. Based on household sur-
veys and participatory observation, the study found that El Tablón, Sololá,
Guatemala, had many characteristics of traditional Milpa, including inter-
cropping of local landraces of maize (Zea mays L.), beans (Phaseolus spp.)
and squash (Cucurbita spp.). The seeds are saved for generations and are
usually not shared among neighbours, giving rise to high landrace diversity
among the families. Fertiliser management includes the use of compost and
manure. However, there was a widespread use of chemical fertilisers in the
milpa system. The findings suggest that the Milpa system in El Tablón is dy-
namic and that farmers seek to conserve traditional landrace diversity while
also adopting modern practices. The study shows that the Milpa system has
an important cultural and personal value for smallholder farmers, who select
seeds and crops based on both agronomic traits, and personal preferences.
This highlights the need for further research and to promote in situ conserva-
tion, to secure agroecology and food sovereignty in Guatemala, and support
long-term sustainability of the Milpa system.

Keywords: Agroecology, traditional agriculture, crop diversity, Guatemala,
in situ conservation, intercropping, landrace diversity, maize-bean-squash,
milpa
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Impact of maize plant residue on soil temperature dynamics
in a dryland environment in Kenya

JUUSO TUURE1, KEVIN MGANGA2, MATTI RÄSÄNEN3, PIRJO MÄKELÄ1, PETRI
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2Utrecht University, Copernicus Institute of Sustainable Development, The Netherlands
3University of Helsinki, Dept. of Forest Sciences, Finland
4University of Helsinki, Dept. of Geosciences and Geography, Finland

Soil temperatures are often high in dryland conditions. In cleared and tilled soils, in-
creased temperatures contribute to accelerated rate of soil organic matter (SOM) de-
composition, leading to increased CO2 emissions and loss of soil fertility, and evapora-
tion. Soil temperature behaviour depends on several dynamic parameters i.e. air tem-
perature, precipitation, short wave radiation, soil moisture, and soil cover. Therefore,
continuous measurements may be considered necessary to evaluate soil temperature
dynamics under various treatments. Excluding growth of plants, the modification of
soil thermal properties is reached through mulching, tillage practices and irrigation.
The recorded continuous soil and meteorological data were used to assess the impact
of mulching on soil temperature in a dryland environment. Measurements were per-
formed at the edge of a smallholder field in dry lowlands of Maktau, Kenya (3°25′33
S, 38°8′22, 1060 m asl). Soil temperature (Ts) and volumetric water content (θ) were
measured continuously as vertical profiles (0–50 cm)during a two-year period (28/02/
2016–26/02/2018). Meteorological parameters were recorded continuously on-site.
The mulch was 1 cm thick maize stover corresponding to a mulching rate 5 t ha-1 (den-
sity 50 kgm−3). Themulched period covered 28/02/2016–06/06/2016 (100 days). The
mulch decomposed naturally. Initially, there was no vegetation on the soil surface and
new vegetation growth was negligible during the experimental period.
Mulch reduced the diurnal fluctuation ofmeasured Ts compared to bare soil. Daytime
Ts peaks decreased below the mulch. The mulch also prevented nocturnal cooling of
the soil. Ts decreasing effect was observed down to 30 cm. Reduced Ts fluctuation
below mulch is suggested to be due to reduced shortwave radiation interception and
increased heat capacity and conductance of soil due to conserved θ.
Plant residues find competing uses as forage and fuel among smallholder farmers
in the study area, our results however, demonstrated that even a 1 cm thick maize
stover layer clearly reduced the fluctuation of Ts down to 30 cm depth. Plant residue
mulching can be recommended for dryland conditions similar to the studied site to
reduce effects introduced by high Ts as well as conserve θ.

Keywords: Cooling effect, drought, mulch, smallholder
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In Iran’s semi-arid regions, planting primed seeds is an
efficient way to provide fodder under severe climatic

conditions
MAHSHID SOORI1, NADIA KAMALI1, ALI NOORIFARD2, SAEDEH NATEGHI1
1Research Inst. of Forests and Rangelands, Agricultural Research Education and Exten-
sion Organization (AREEO), Rangeland Research Division, Iran

2University of Tehran, Management Department, Iran

Due to the problems caused by the effects of climate change and excessive ex-
ploitation in the past, Iran’s rangelands cannot provide enough animal fod-
der. Studies show that, in many regions of Iran, especially in arid and semi-
arid regions, poor seed establishment is one of the common causes of low
fodder plant yields. However, the need to use various techniques for improv-
ing and restoring rangeland species is now increasingly apparent due to the
fact that a sizeable portion of ranchers in Iran’s arid and semi-arid regions
depend on rangeland feed.
Astragalus squarrosus Bunge is one of the native and adapted species in the
sand fields of Iran, which is of great importance in terms of tolerance to se-
vere climatic conditions and the value of fodder production for livestock, es-
pecially camels.
In order to investigate the effects of priming on seed germination and seedling
growth, the experiment was conducted in split plots based on a randomised
complete block design with five replications at Torud Research Farm in Sem-
nan Province, Iran. This research was done on three ecotypes of Astragalus
squarrosus and nine treatments. The distilled water was considered as the
control treatment. So, seeds of different ecotypes, including Yazd, Kashan,
and Semnan ecotypes of A. squarrosus, were primed separately under differ-
ent treatments, including hydropriming, hormone priming (gibberellin hor-
mone: 125 and 250 ppm, salicylic hormone: 100 and 200 mgL-1, ascorbic hor-
mone: 100 and 200 mM and osmopriming: potassium nitrate: 0.3 and 0.2%).
According to the findings of the current study, priming significantly affected
A. squarrosus seed germination and yield. The Yazd ecotype under salicylic
acid hormone 100 mgL-1 had the maximum performance in terms of yield
and seed germination. In general, seed priming improves the yield and fod-
der production ofA. quarrosus. Therefore, further research under farmer con-
ditions in Iran’s semi-arid regions is necessary.

Keywords: Arid and semi-arid regions, Astragalus squarrosus
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Exploring the potential for improving crop water productivity
to sustain future crop production in Egypt

SAHER AYYAD1, POOLAD KARIMI2, MATTHIAS LANGENSIEPEN1, LARS RIBBE3,
MATHIAS BECKER1
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2IHE Delft Inst. for Water Educ., Land and Water Management Dept., The Netherlands
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ment in the Tropics and Subtropics, Germany

Egypt is facing the challenge of sustaining food production for its ever-growing pop-
ulation, a situation that is likely to be exacerbated by climate change as well as by
future water-related developments upstream the Nile. Most recent research suggests
that Egypt’s water deficit, the gap between renewable water resources and actual wa-
ter use, as well as virtual water embedded in food imports will increase to sustain
future food supply. Thus, this research investigates the potential of increasing pro-
ductivity of major crops in Egypt, namely rice, maize, wheat, and clover (berseem),
and consequently estimates future water and land resources needed to sustain supply
of these crops by 2050. The study developed an approach using open-access gridded
datasets to estimate three productivity indicators for the selected crops: (1) yield (=
production/harvested area), (2) cropwater productivity (CWP= yield/actual evapo-
transpiration), and (3) transpiration efficiency (TE = transpiration/actual evapotran-
spiration). Productivity indicators were analyzed, and potential improvements were
estimated and used to develop scenarios for future demand for water and land to sus-
tain production of the selected crops by 2050.
Based on the key findings of the current research, Egypt is expected to face challenges
in satisfying its future demand for the four crops by 2050 given the substantial wa-
ter and land required resources to produce sufficient quantities, following the aver-
age recent values of productivity indicators. However, based on the spatial-temporal
analysis of yield, CWP, and TE, there are opportunities to increase productivity for all
selected crops. Thus, quantities of required water and land by 2050 can be reduced by
following high production efficiency. In light of these findings, the study proposes a
few development strategies that could potentially enable the country to sustain crop
supply for its future population. Challenges and opportunities towards realising these
strategies are discussed. The methodological approach proposed herein can act as an
operational tool for evidence-based policy development in water and agriculture.

Keywords: Development strategies, food security, remote sensing, scenario building,
sustainable intensification, water management, water productivity, water-food nexus
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Alternate wetting and severe drying: A sustainable irrigation
strategy for rice production in Burkina Faso?

JEAN-MARTIAL JOHNSON1,2, MATHIAS BECKER1, J. P. ERIC KABORE2, ELLIOTT
RONALD DOSSOU-YOVO3
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Germany

2Centre National de la Recherche Scientifique et Technologique, INERA, Burkina Faso
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In the context of water scarcity and increasing fertiliser prices, reducing water input,
while maintaining yield and nutrient use efficiency are of critical importance for sus-
tainable production of irrigated rice. Alternatewetting andmoderate drying irrigation
(AWD15) (i.e., re-irrigationwhen thewater level reaches 15 cm below the soil surface)
proved to be an efficient water-saving technology in semi-arid zones of sub-Saharan
Africa (SSA) as it allows for the reduction of water input without yield penalty. Al-
ternate wetting and severe drying (AWD30) (i.e., re-irrigation when the water level
reaches 30 cm below the soil surface) could further reduce the water input in compar-
ison with farmers’ irrigation practices (FP). However, the acute drying phases during
its implementation may cause NO−

3N losses through nitrification and denitrification
and reduce the bio-availability of some key nutrients. What are the main potentials
and risks of this technology for smallholder rice farmers in semi-arid zones of SSA?
To answer this question, from 2019 to 2020, we conducted 33 on-farm field trials in
Kou Valley, Burkina Faso, over three seasons and assessed yield, water productivity,
nutrients use efficiency, and uptake under two different water management practices:
AWD30 and FP. Compared with FP, AWD30 reduced irrigation water input by 37%
with no significant effects on grain yields (mean of 4.8 Mgha−1), thus increasing wa-
ter productivity by 45%. FP and AWD30 were comparable in terms of agronomic N,
P, and K use efficiency and apparent N recovery, N, K uptakes, and Mn, Fe, and Zn
tissue concentration. However, N content in straw, P and K contents in grain, and to-
tal P uptake were 11–16% lower in AWD30 than in FP plots. In conclusion, AWD30
appears to be an effective strategy to save irrigation water without significant yield
and N, P, and K use efficiency reduction. Therefore, AWD30 could be promoted as
a substitute for farmers’ irrigation practices in semi-arid zones of SSA. However, the
observed P and K content reduction in grain points towards possible negative hidden
impacts on grain quality and yield under certain conditions. Further studies could
unravel the suitable domains for the implementation of AWD30.

Keywords: Agronomic use efficiency, drought, Oryza spp., water saving technology,
West Africa, yield
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Assessment of cover crops implementation in mango and
longan orchards in Battambang province, Cambodia

SOFIA MARCON1, ALESSANDRA GIULIANI1, FLORENT TIVET2, VENG SAR3,
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2French Agricultural Research Centre for International Development, France
3Conservation Agriculture Service Center (CASC), Cambodia
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After years of mono-cropping and farmland expansion, Cambodia is facing
soil degradation, deforestation, and biodiversity loss. Conservation Agri-
culture (CA) could improve the Cambodian situation. Among the CA ap-
proaches, permanent soil organic cover, like cover crops, decreases soil ero-
sion, suppresses pests and diseases, and increases yields. This study investi-
gates about cover crops’ opportunities and constraints in mango and longan
orchards and farmers’ knowledge and attitude towards this practice. A com-
bination of qualitative and quantitative data collection was conducted in 2022
in Battambang province. Thirty-nine semi-structured household interviews
were led in nine villages of Rattanak Mondoul and Banan districts, with CA-
, CT- (conventional) and CT (CA*)- (previous CA, now CT) farmers. Two
Focus Group Discussions were led in Sangha and Borun villages of Rattanak
Mondoul districts. Key informant interviews and literature review completed
the data gathering. The results showed that 21 out of 39 farmers does not
know the definition of CA. Eighteen out of 18 CA- and CT (CA*)-farmers are
satisfied with the application of cover crops and recommend CT-farmers to
grow them. Thirteen out of 21 CT-farmers are willing to start growing cover
crops in their orchards. The main reasons for farmers to start growing cover
crops are weed presence, low soil fertility and high soil erosion in the or-
chards. Farmers have been noticing an improvement on their orchard and
an increase in fruit yield since they started growing cover crops. According
to farmers’ perspective, more trainings and technical support about CA and
cover crops are needed, which might also attract more farmers to these ap-
proaches.

Keywords: Cambodia, conservation agriculture, cover crops, extension, farm
management, farmers’ adoption, fruit trees, soil health
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Trade-offs between nitrogen fixation and heavy metal(loid)s
accumulation in a cassava-legume intercropping system on

post-tin mining soils amended with local organic
amendments
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Mining activities severely affect local ecosystems and threaten food security.
In particular soils after tin mining on Bangka Island are highly nutrient de-
ficient and characterised by low pH value. Remediation practices, however,
are a viable way of reducing the negative impacts on post-mining lands.
In this study, we aimed to investigate the effect of locally available resources
on heavy metal(loid)s (HMs) concentrations in crops and soil on a post-tin-
mining site located on Bangka Island, Indonesia. Plots with five different soil
amendments: (1) dolomite; (2) compost; (3) charcoal; combinations of (4)
charcoal + compost; and (5) charcoal + sawdust; and control were estab-
lished. An intercropping systemwith cassava and centrosemawas employed,
and HM concentrations in crops and soils were determined. In addition, the
effects of different locally available soil amendments on the percentage of ni-
trogen derived from the atmosphere (%NDFA) and the amount of nitrogen
fixation (N2-fixation) in the cassava-legume intercropping system were in-
vestigated.
The highest amounts ofN2-fixation in centrosemawere observed in combined
treatment (charcoal + compost), which was influenced more by high shoot
biomass production than %NDFA. Improved soil physicochemical proper-
ties had a positive impact on the shoot biomass of centrosema, resulting in a
higher amount of N2-fixation andN uptake values. Crop Pb, As, and Cd con-
centrations exceeded the international standard for maximum levels in food.
The edible parts of cassava showed the highest Pb and As concentrations in
the charcoal-only treatment. Furthermore, high Pb, As, and Cd concentra-
tions in centrosema vegetative organs indicate a high risk for contamination
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of the human food supply chain, as these are used as cattle fodder.
Locally available organic soil amendments offer a potential solution for re-
mediating post-tinmining soils by increasingN2-fixation in centrosemawhen
intercroppedwith cassava. However, due to the inherent highHM concentra-
tions from their local origin, crop HMs can become accumulated in the edible
parts of crops. In this study, the combined treatment of charcoal and compost
showed the best compromise between improved nitrogen fixation and HMs
concentration in a cassava-centrosema intercropping system on remediated
post-tin mining soils.

Keywords: Bioaccumulation, crop, local resources, nutrient, remediation, soil
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Effect of irrigation efficiency enhancement on crop
productivity and irrigation water availability under climate

change in Nepal
AMIT KUMAR BASUKALA, LIVIA RASCHE
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Crop production is predicted to be affected by climate change in terms of
drought. That is the reasonNepal is expanding its irrigation facilities as adap-
tive measure in terms of water availability. However, water-efficient irriga-
tion methods need to be used in the irrigation expansion due to the increas-
ing water scarcity in Nepal. Therefore, in this study we assess the influ-
ence of three different irrigation efficiencies on potential crop productivity
of rice, maize and wheat and on irrigation water savings under three cli-
mate change scenarios. The scenarios are based on SSP1–2.6 (low emissions
due to strongmitigation), SSP3–7.0 (high emissions), and SSP5– 8.5 (extreme
emissions/unmitigated) and are run with three general circulation models
(GCMS) GFDL-ESM4, IPSL-CM6A-LR and MPI-ESM1–2-HR. The data are
bias adjusted as part of the Coupled Model Intercomparison Project phase 6
(CMIP6) and acquired from the Inter-Sectoral Impact Model Intercompari-
son Project (ISIMIP3b) database. District and province level comparison of
yields are carried out for the current time (2015 to 2022), near future (2023
to 2050), mid-century (2050 to 2075), and end century (2075 to 2100). The
management scenarios are: (1) current management with an average irriga-
tion efficiency of 30%, (2) stress-triggered irrigation with efficiency 70%, (3)
stress-triggered irrigation with efficiency 50%, and (4) stress-triggered irri-
gation with efficiency 30%. For scenarios 2, 3 and 4 stress triggered mineral
phosphorous and maximum annual 300 kg of mineral nitrogen per hectare
is applied. We identified that on national scale yields can be increased by
1 t ha-1 for Maize, 0.5 t ha-1 for Rice and 1.5 t ha-1 for Wheat with an increase
of irrigation efficiency from 30% to 70%. The results also showed the sub-
stantial water savings (up to 200 mm) could be attained if surface irrigation
efficiency increases from the current value of 30% to 70%. The comparison
showed the importance of efficient irrigation as a reliable adaptive measure
for future climate change conditions.

Keywords: Climate change adaptation, irrigation efficiency, irrigation water
management
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Dose effect of organic matter on growth and biomass
parameters of Hibiscus sabdariffa (L.) (Bissap) in the

Fatick region
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In Senegal, agriculture is a key sector of the economy, contributing around
8% of the country’s GDP. In addition to being an important economic lever,
it makes a strong contribution to the country’s social development through
job creation, food security, and the fight against poverty. Thus, 60 to 70%
of the working population depends directly or indirectly on agricultural ac-
tivities Hibiscus sabdariffa (L.) plays an important socio-economic role in the
Sahel; through its calyxes, leaves and seeds it constitutes an important source
of food and brings considerable income to producers. However, its produc-
tion encounters enormous difficulties, notably due to poor soils and a lack
of water, leading to a drop in yields. To alleviate this problem, growers re-
sort to excessive use of chemical fertilisers which, in addition to the ecological
and environmental problems they cause, are unable to maintain soil fertility
levels. Hence the importance of this study, which aims to promote the use
of organic residues to restore soil fertility. The aim is to contribute to sus-
tainable productivity of Hibiscus sabdariffa through the use of horse dung in
farming systems. Different doses were used to determine and compare their
effects on the growth and fresh biomass of Hibiscus sabdariffa plants. The ex-
perimental set-up was a one-factor Fisher block with three treatments: 100%
dose, 50% dose versus a control. Each fertiliser was applied to 2 kg, 1 kg
and 0 kg of soil, respectively. Growth parameters were measured at regular
dates and fresh biomass at the end of the trial. The results of this study were
non-significant between the different doses. However, growth and biomass
of Hibiscus sabdariffa were very satisfactory with DF100% followed by DF50%
compared with the control (DF0%).
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Reusing pineapple residue to promote nutrient cycling and
reduce GHG emissions in small-scale pineapple cultivation
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The Philippines is one of the largest producers of pineapples in the world, with an
annual production of over 2.8 million metric tons. However, pineapple production
can also generate large amounts of pineapple residues (PR) that are usually not fur-
ther utilised. They are often left to rot or burned mainly because of the high cost and
labour needed for further utilisation, especially in small-scale cultivation. This prac-
tice creates challenges that are common globally, which include reducing the climate
impact of cultivation while maintaining soil fertility and high resource efficiency. To
address this, we hypothesise that reusing PR through soil incorporation in small-scale
pineapple cultivation can promote nutrient cycling (C/N/P/K) and soil fertility while
decreasing GHG emissions, particularly by increasing soil C sequestration. Addition-
ally, we hypothesise that PR reuse can help reduce the use of mineral fertiliser, while
still maintaining soil fertility and decreasing CO2 emissions. To date, longer-term field
studies regarding the effects of reusing PR in small-scale pineapple cultivation are still
scarce. Using combined field and laboratory experiments, we aim to compare differ-
ent PR reuse treatments against the common practice of using only mineral fertiliser
and their effects on GHG (CO2 and N2O) emissions and nutrient cycling (C/N/P/K).
Here, we present the results of our one-year field trial experiment on the effects of
reusing PR on CO2 emissions and biomass C/N/P/K performed in Calauan, Laguna,
Philippines. We used the developed low-cost CO2 and ET flux measurement device
for manual closed chamber CO2 exchange measurements of pineapple plants grown
under various PR treatments. Additionally, soil and biomass sampling were done ev-
ery threemonths to determineC/N/P/K changeduring themeasurement period. This
was also supplemented by non-destructive monitoring of biomass development using
developed low-cost NDVI sensor. Lastly, the laboratory experiment was performed
using developed low-cost incubation system to determine CO2 and N2O emissions of
soil and PR treatments. Overall, we aim to provide evidence of the potential benefits
of reusing PR and contribute to the utilisation of PR as a valuable resource that can
help reduce waste and GHG emissions while enhancing nutrient efficiency for more
sustainable small-scale cultivation practices.
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Integration of CERES-maize modelling and remote sensing
for crop condition and yield assessment in three

agroecological zones in Kenya
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LANA2, GOHAR GHAZARYAN1, MARK BOITT3, BRIAN ROTICH4, STEFAN SIEBER1

1Leibniz Centre for Agricultural Landscape Research (ZALF), Germany
2Swedish University of Agricultural Sciences, Crop Production Ecology, Sweden
3Dedan Kimathi University of Technology, Inst. of Geomatics, GIS & Remote Sensing,
Kenya

4HungarianUniversity of Agriculture and Life Sciences, Inst. of Environmental Science,
Hungary

Crop modelling and remote sensing (RS) integration are crucial for understanding
crop conditions (CC) and agricultural production. In the present study, the DSSAT-
CERES-Maizemodelwas integratedwith Sentinel−2 andmoderate resolution imaging
spectroradiometer (MODIS) RS data to analyse maize CC conditions and simulated
yield in three agroecological zones (AEZ) in two counties of Kenya (Trans Nzoia and
UasinGishu), with about 5425 km2. AEZ I, II, and III correspond to humid, subhumid,
and semihumid regions with high, moderate, and low moisture indexes, respectively.
Sentinel−2 data was used to derive crop type extent maps, whereas MODIS data were
used to map crop conditions via the enhanced vegetation index (EVI), normalised
difference vegetation index (NDVI), and evaporative stress index (ESI).
The study showed that the RS CC exhibited high positive correlations with the simu-
lated maize yield, especially at the peak season phenological stage. In particular, the
ESI index demonstrated strong agreement with yield (r=0.94). Also, NDVI and EVI
showed satisfactory performance, with correlations of r=0.89 and r=0.85, respectively.
The response of the crop conditions at theAEZ level showed that AEZ I depict a strong
relationship with the CC indicators compared to AEZ II and III. The analysis of the
growing season influence showed that crop conditions and yield are strongly related
between May and August (the vegetative-reproductive period in the study area). The
study concludes that cropmodelling approaches are important in exemplifying the re-
lationships between crop conditions and maize production, especially in data-scarce
landscapes. Integrating the assessment tools is important in monitoring agricultural
landscapes, optimising agronomic management, and prior management of crop stres-
sors to minimise/prevent yield losses.
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Model-based climate change adaptational potential and
productivity of some cowpea genotypes and its sensitivity to

bias adjustment
GRACE ADUSEI1, MOSES KWAME AIDOO2, AMIT KUMAR SRIVASTAVA1,

JAMES YAW ASIBUO3, THOMAS GAISER1

1University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany
2Cocoa Research Institute of Ghana, Physiology and Biochemistry Division, Ghana
3Council for Scientific and Industrial Research, Crops Research Inst., Ghana

Grain legumes are essential for the protein supply to an ever-growing popu-
lation in Africa. However, little is known about the adaptive capacity of ma-
jor grain legumes under future climatic change for the evaluation of climate
change impact and adaptation. This study assessed the adaptation potential
of some cowpea genotypes to future climate change in the moist (Kumasi-
Ghana) and dry savannah (Ouagadougou-Burkina Faso) biomes of W-Africa
based on a validated process-based cowpea crop model using the output of
four GCMs (Global CirculationModels) for two Shared Socio-economic Path-
ways (SSPs i.e., ssp126 and 585). In addition, it assesses the sensitivity of the
cowpea model to bias-corrections of the GCM outputs. In the comparison
of future socio-economic pathways with historic time series, the use of bias-
corrected climatemodel output slightly increased the rate of the phenological
development of the genotypes in the future period except inOuagadougou, in
the ssp585 scenario. Without bias correction, this increase in the rate of phe-
nological development in the future scenarioswas less pronounced. With bias
correction, the total aboveground biomass and yield of all genotypes were re-
duced in both shared socio-economic pathways. The change in the average
water stress and phosphorous stress were genotype specific. Despite a gen-
eral yield decline in both SSPs, the genotypes Asontem andGH6060 exhibited
the best adaptational potential to future climate change in the moist and dry
savannah biomes by the higher accumulation of total aboveground biomass,
and higher yield, tolerance to high temperature as well as high water use and
photosynthetic efficiency due to higher atmospheric CO2 concentrations, de-
spite faster phenological development

Keywords: Bias-correction, climate change, cowpeaproductivity, cropmodel,
environmental stress

Contact Address: Grace Adusei, University of Bonn, Inst. Crop Sci. and Res. Conserv.
(INRES), Bonn, Germany, e-mail: aduseigrace@yahoo.com

ID 806 61



Crops and cropping systems

Impact study of biochar and biomass amendment of
Gliricidia sepium and shading on the productivity of

agroforestry systems
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In recent decades, soils inWestAfrica have begun to gradually lose their fertil-
ity due to their misuse. This has led to a decline in agricultural productivity
and yields. In order to achieve successful production, it is necessary to ap-
ply fertilisers (mineral or organic) rationally and use good production tech-
niques. However, the economic constraints of households limit their adop-
tion. This study was conducted in Cobly, a commune in the Atacora region
of northwestern Benin. The average annual rainfall is 1,000 mm per year and
is irregularly distributed during the rainy season. The objective of this study
is to evaluate the effect of amendments and shading on millet productivity
in agroforestry systems. A split-plot experimental design consisting of three
blocks each associatedwith a species (Parkia biglobosa,Vitellaria paradoxa, Lanea
microcarpa) with three replications. Four amendments (Control, gliricidia,
biochar, gliricidia + biochar) are applied in concentric zones under and out-
side the tree. Analyseswere performedwith R 4.1.1 software. A linearmixed-
effects model was used to identify determinants of growth and determinants
of yield and a generalisedmixed-effects model was used to assess variation in
leaf number. Species, position, and treatment determined millet dry weight
and millet grain weight. Biochar+Gliricidia treatment increased millet dry
weight (𝑝 < 0.001). Only Parkia biglobosa has a shadow that negatively influ-
ences grain and dry weight of millet. The treatments increased millet height
when the millet was out of the canopy (𝑝 = 0.033). Under the canopy, only
Biochar+Gliricidia increased height.

Keywords: Amendment, Benin, shading, sorghum bicolor, traditional agro-
forestry systems

Contact Address: Amos Baninwain Nambima Dene, University of Parakou, Laboratory of
Ecology, Botany and Plant Biology, Parakou, Benin, e-mail: amosnambima@gmail.com

62 ID 907



Crop production and management — Online posters

Root-soil-contact influences on maize root growth, nutrient
uptake, and nitrogen-cycling microorganisms in the

rhizosphere
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The rhizosphere is enriched with microorganisms, including plant growth promoters
and drivers of biogeochemical cycles. Root-soil interactions cover a wide range of bio-
logical and physicochemical processes with direct effects on plant growth. Therefore,
approaching the rhizosphere in response to root-soil contact is an important strategy
to improve crop growth and productivity to fulfil global food demand. Root hairs are
an important root trait that ensures root-soil contact. Knowledge of the influence of
root-soil contact on plant performance andmicrobial rhizosphere processes is limited.
In this study, we explored the heterogeneity of themaize root system in response to re-
duced root-soil contact. Contact was modulated by artificial soil pores or the absence
of root hairs. We determined the influences on root growth, nutrient uptake, and mi-
crobial abundance with a special focus on N-cycling microorganisms. Growth of the
Zea mays root hairless 3 (rth3) mutant was comparatively studied with its correspond-
ingwild-type for 21 days in a climate chamber. Root-pore utilisationwas characterised
by endoscopic analysis. Shoot nutrient contents were quantified by CHNS analyzer
and nitric acid digestion followed by flame AAS and ICP-OES analysis. A qPCR anal-
ysis targeting the 16S rRNA, amoA, and nirK genes was carried out to quantify the
abundance of bacteria, archaea, nitrifiers, and denitrifiers respectively. Root-growth
behaviour inside the pores varied depending on the genotype and root type, though
both genotypes tended to grow into the pores. Wild-type plants showed significantly
higher shoot and root growth than the mutant. Artificial pores did not significantly
affect nutrient uptake, suggesting compensation for missing root-soil contact by re-
ducing biomass, while maintaining biomass nutrient levels. The wild-type harbored
a higher abundance of bacteria and archaea in the rhizosphere than the root-hairless
mutant. Likewise, the abundance of nitrifiers was significantly affected by root-soil
contact, resulting in the highest abundance under complete root-soil contact. Both ar-
chaea anddenitrifiers preferred the porewalls over the bulk soil, suggesting an anaero-
bic and nitrate-rich environment on the pore walls. Taken together, proper regulation
of root-soil contact by reducing soil artificial porosity and selecting genotypes with
higher root surface area is worth enhancing plant growth performance.
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Effect of long-term management on yield of dicotyledon
plants in cotton systems

ISHWAR PATIDAR1, AKANKSHA SINGH2
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Organic agriculture is a promising solution to sustainably improve crop yields.
For several crops, yield from organic farming have been recorded to be lower
than yield from conventional farming. However, such data is context depen-
dent and there is very little information on performance of organic systems in
the tropics. Particularly, solid data on the benefits and drawbacks of organic
agriculture in the tropics is still missing.
In 2007, we set up a long-term farming system comparison trials (LTE) for
cotton systems in Madhya Pradesh India. Cotton is the main cash crop in
our region and is grown in a two-year crop rotation. The other crops grown
with cotton in our region are chickpea, wheat and soybean. In our field trials
we are comparing the following treatments: (i) organic, (ii) bio dynamic,
(iii) conventional, and (iv) BT conventional (genetically modified) cotton.
We have been taking data on multiple parameters such as crop yields, soil
nutrients, soil microbial properties and system profitability
Our data indicates that with good management organic systems can become
more sustainable than conventional systems both economically and ecologi-
cally. Multiple indicators in our trials show this; the performance of crops has
improved over the years, reducing the profitability gap between organic and
conventional farming systems. In addition, positive impacts on soil fertility
indicators (e.g., soil organic carbon) are detectable after 10–12 years in our
organic LTE systems. We have also recorded our organic systems to harbour
higher biodiversity. Despite our positive results, adaption of best manage-
ment practices by the farmers remains one of the biggest challenges.
We need more studies on long-term cumulative effect of system approaches
on fertility, health and the productive capacity of agricultural lands in con-
ventional and organic farming systems. We need to understand what extent
system approaches can enhance the resilience of cotton systems.

Keywords: Chickpea, cotton, crop rotation, dicotyledon, long term system,
organic, soybean, treatment, wheat
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Functional biodiversity in organic and conventional cotton
farming systems
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Farmland Biodiversity performs a variety of ecosystem services which are di-
rectly linked to food production and sustainable agriculture. The crucial role
of ecosystem services has been understudied, especially in the tropics. Cot-
ton is one of the most polluting crops in the world, as it requires high in-
puts of both pesticides and fertilisers. Globally, India is the second-highest
producer of cotton, yet it is also the country with one of the lowest yields
per hectare. In 2002, India introduced Bt cotton, it holds genes from Bacillus
thuringiensis that make the plant resistant to the main cotton pest, the Ameri-
can bollworm. Following this introduction, an outbreak of sucking pests such
as jassids and aphids has been observed in these systems. On one side, pes-
ticides which were used to fight the bollworms decreased, but on the other
side, the use of sprayed pesticides increased. Studies have shown that sprayed
pesticides affect pests as well as non-targeting arthropods. In India, the ma-
jority of entomological research on cotton systems has been focused on the
pest community and the resistance they have built up over time. There is a
strong need to be able to compare the impact of these farming systems on
functional biodiversity. My study has been exploring biodiversity indicators
present in the soil, above ground and on the cotton canopy. The study has
been done on a long-term cotton trial in Madhya Pradesh, comparing four
different systems: Bt-conventional, conventional, organic and Biodynamic as
well as on farmer’s fields, comparing Bt-conventional and organic systems.
The results have shown a higher diversity in the organic systems above and
below ground. The results from the long-term trial have shown no signifi-
cant difference between the Bt-conventional and non-Bt-conventional. Dur-
ing this presentation, I will outline the long-term effects of pesticides (as well
as fertilisers) on the functional biodiversity in the above-mentioned cotton
systems.

Keywords: Aboveground, belowground, biodynamic, Bt-conventional,
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Effect of conventional and organic practices on cotton quality
parameters compared across 15 years
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Cotton is themost widely used fibre crop and quality parameters such as fibre
length are crucial for successful processing. These quality parameters can be
influenced by a variety of factors, such as nutrient supply to the plant and
varieties used. Establishing a correlation between these influential factors and
the quality parameters of cotton can help improve the production process and
enable farmers to earn more income from their cotton production.
This study aimed to assess product quality data from a long-term farming
systems comparison trial under semi-arid conditions in central India in re-
gard to different management regimes. The trial has been running since 2007,
comparing biodynamic, organic, and conventional with GM andwithout GM
cotton management. All treatments include a two-year crop rotation which is
first-year cotton-wheat/chickpea and second-year soybean-wheat. To assess
fibre quality, we took sampled plants for ginning and subsequent lab testing
for quality parameters like fibre staple length, fibre fineness, maturity index,
micronaire etc.
Results show that no significant difference in quality parameters like fibre
length, fibre fineness, short fibre index, maturity index in both the systems
even less percentage of nitrogen was provided in an organic system.
The results considering which factors are the most important and which are
of lesser importance provide some insight into changes in management effect
on lint yield and fibre quality and provide some basis for future investment in
research. This bears relevance to stakeholders in the cotton industry includ-
ing both Indian and international cotton merchants, ginners, spinners, textile
mills and commodity exchange.
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Opportunities of mine reclamation areas for food crops
plantation: Case study of coffee plants in former limestone

mining
TEDI YUNANTO
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ing, Indonesia

Reclamation activities must be carried out after mining operations are com-
pleted. Mine reclamation areas, such as limestone mines, can be used as food
crops plantation e.g. coffee. However, limestone dust affect the soil physi-
cal, chemical and biological properties, which will affect the coffee growth.
Therefore, to increase the coffee growth, arbuscular mycorrhiza fungi (AMF)
was introduced. The purpose of this study was to determine the effect of
limestone dust covering former mines and different doses of AMF on coffee
growth. The study was conducted using a RCBD method. The study area
was divided into several blocks consisting of soil without lime dust, 0–2.5 cm
and 0–5 cm dust cover. The blocks were treated with 10 g, 15 g and 20 g AMF
with 5 replications each. Inorganic NPK fertiliser was given every month (till
5 month) to all treatments with successive 10 g/seedling, 20 g/seedling, 30 g/seedling,
40 g/seedling and 50 g/seedling for each month. Parameters observed were plant
height, plant diameter, and number of leaves. The research results show that
limestone dust affects soil conditions such as silt, clay, pH, organic C, bulk
density, and C/N ratio. In addition, limestone dust affected plant height and
number of leaves of coffee seedlings compared to those grown in areas with-
out dust. The influence of the amount of AMF was significant (𝑝 < 0.05) and
tended to increase the height and diameter parameters of the coffee seedlings.
The mean height of coffee seedlings in the 10 g treatment was 23.09 cm, while
15 g = 26.73 cm and 20 g = 25.59 cm. While the mean diameter for the 10 g =
3.78 mm, 15 g = 3.94 mm, and 20 g = 4.53 mm, however, the difference in the
doses of AMF was proven to significantly (𝑝 < 0.05) decrease the number of
leaves, namely 10 g = 10 leaves, 15 g = 9.5 leaves, and 20 g = 8 leaves. This
study shows that coffee plants can be planted in mine reclamation areas, but
further research is needed regarding the quantity and quality of coffee beans
produced.

Keywords: Coffee, limestonedust,mine reclamation,mycorrhizal biofertiliser,
soil
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Optimisation of micropropagation protocol for mass
multiplication of hybrid coffee (Coffea arabica L.) cultivars

of Ethiopia
HABTAMU SEYOUM ARAGAW, ELIAS GEBREMARIAM
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Biotechnology Department, Ethiopia

Hybrid technologies were expected to revolutionise the Ethiopian coffee sec-
tor through the exploitation of heterosis conserved in the F1 hybrids. How-
ever, due to a lack of efficient propagation methods, these high-yielding cul-
tivars were not disseminated to growers. Nevertheless, large quantities of
planting materials of elite varieties can be multiplied by tissue culture meth-
ods once successful optimisation of conditions is completed in vitro. We fol-
lowed an indirect somatic embryogenesis approach and optimised an efficient
and reproducible protocol to propagate F1 hybrid varieties. We also applied
a simple and cost-effective approach to sterilizing the leaf and obtained an
80–90% clean explant that produces a callus. Using various combinations
of PGRs, mainly auxin and cytokinin, in addition to MS medium, vitamins,
amino acids, carbon sources, and organic supplements, on average 401 so-
matic embryos per explant (i.e., from a 1 cm2 leaf disc) were obtained. The
result achieved after several years of efforts may be a breakthrough for the
coffee sector if existing capacity improves on an industrial scale and small-
holder producers have access to high-quality TC-raised planting materials.
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Transformation and intensification of food crop production in
Africa in light of increasing threats from pests and diseases

STEPHAN WINTER, SAMAR SHEAT
Leibniz InstituteDSMZ,GermanCollection ofMicroorganisms andCell CulturesGmbH,
Germany

Pests and diseases present a major constraint to the production of food in
Africa, threatening horticultural and agricultural crops alike and causing se-
vere losses of harvest and income. To effectively respond to the increasing
demand for food requires a transformation of the food production systems
encompassing all components of the systems.
Plant health, startswith healthy andproductive propagules. Because inAfrica,
most of plantingmaterials are traded (exchanged) through informal systems,
diseases are spread through human activities. The cassava virus diseases,
Fusarium oxysporum TR4, and banana bunchy top virus in banana provide
ample evidence for this uncontrolled threat. Seed health, even of commercial
seeds, is not given the highest priority and outbreaks of virus diseases in soy-
bean, groundnut andmaize can be traced to seed-borne pathogens or, the use
of contaminated seed (MLN in maize, ToBRFV in tomato). Pest populations
driven by changing weather patterns cause direct damage (Tuta absoluta) or,
indirectly, from the spread of virus diseases (Bemisia tabaci) that can destroy
cultivation of crops like tomato, cassava or cotton. Healthy seeds and planting
materials are the prerequisite for a productive crop and resistant varieties, the
main element of disease management in field production systems. However,
for many crops resistant, cultivars are not available and crop management in
open fields is merely a sequence of chemical control interventions. To miti-
gate the impact of pests (and the diseases they spread) to horticultural crops,
a transition from field production to protective cultivation in screenhouses,
as already seen in few African countries, is likely the only option to guaran-
tee a comprehensive crop management following the guiding principles of
“good horticulture practices”. Under protective cultivation, a framework of
measures that include bio-control agents and the sensitive application of pes-
ticides can be applied that, in field production, are not feasible. Challenges
and opportunities for African farmers will be highlighted.
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Distribution, incidence and severity of Fusarium wilt on
cotton in Benin

TINON NEHAL DJAOUGA MAMADOU1, HUGUES KOSSI BAIMEY2,
BONAVENTURE COHOVI AHOHUENDO1

1University of Abomey-Calavi, Fac. of Agricultural Sciences, Benin
2University of Parakou, Fac. of Agronomy, Benin

Cotton cultivation contributes 46% of Benin foreign exchange earnings. It is
cultivated by 325,000 farmers and plays a major role in sustaining food se-
curity in the country because it serves as a means through which fertilisers
are provided to other food crops such as maize, sorghum and rice. How-
ever, very little attention has often been paid to diseases and other pests that
constitute a limiting factor in cotton production; especially diseases such as
fusariosis caused by Fusarium oxysporum f.sp. vasinfectum which is one of the
most threating factors in large cotton production area. A field survey was
conducted in 2022 in 50 sites of 15 districts of all cotton production areas in
Benin to access Fusarium infestation levels. At least two sites were surveyed
per district and on each site, 20 plantswere inspected and evaluated randomly
along the two diagonals of a cotton field, respectively for the incidence and
the severity of the disease. The results showed that Fusarium wiltwas present
in 11 out of 50 sites. The highest means for incidence (31,25%) and sever-
ity (13,25%) were observed in the agroecological zone four with the maxi-
mum incidence in the district of Dassa (48,33%). The agroecological zone
two recorded the lowest incidence (0,27%) and severity (0,16%). Across the
different cotton varieties in use, the variety OKP 768 was the most susceptible
showing the highest incidence (17,03%) and severity (9,77%). Finally, the
disease is present in Benin with various rate of incidence and severity which
are high in the centre part of the country. There is an urgent need of deep un-
derstanding of the phenomena as it will contributes to a proper management
of the disease that can quickly spread.
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Mobilizing natural enemies for sustainable plant pests and
diseases management

JAMES MWANGI, RUTH KARIUKI, ERIC KURIA, EUNICE GITHAE
Chuka University, Biological Sciences, Kenya

Smallholder farmers contribute approx. 70% of food supply in Africa. They
produce for their subsistence use and sell the surplus in the local market.
These farmers make a substantial contribution to sustainable food security
in the global south. Their capacity to upscale production is however con-
strained by shrinking land sizes, high cost of agricultural inputs, impact of
climate change as well as damage by pest and disease. Majority of small-
holder farmers rely on cultural techniques to keep pests and diseases below
economic threshold level. However, persistent use of agricultural chemicals
predispose them to risks associated with mishandling and misuse of pesti-
cides. Besides, consumers are exposed to adverse effects of pesticides due to
chemical residue in food. To boost food production, there is need for eco-
logically sustainable pest control methods to minimise agri-pollution, boost
productivity andpromote biodiversity inAfrica. Suchmethods include use of
natural enemies (biocontrol agents) for pests and diseases management. We
carried out a survey for potential fungal microbes that parasitize and destroy
plant nematode eggs for use as biocontrol agent against potato cyst nema-
todes (PCN)Globodera rostochiensis andG. pallida in Kenya. Soil samples were
collected from smallholder farms in six leading potato-producing counties
of Kenya. The samples were processed in the laboratory and PCN cysts ex-
tracted using floatation techniques in Fenwick can. Extracted cysts and eggs
were visually examined for fungal infestation. Those showing symptoms of
fungal infestationwere selected, culture on PDAmedia and incubated at room
temperature, fungal growthweremonitored for several days. Fungal colonies
were sub-cultured to generate pure culture for further analysis. Ninety-five
percent of the soil samples tested positive for PCN infestation. However, the
prevalence of PCN in the six counties differed significantly (𝑝 < 0.05). Fifteen
fungal isolates were found associating with PCN cysts and eggs. Character-
isation of these fungal isolates is under way. The efficacy of these isolates is
being tested in vitro and in vivo before being processed for use as biocontrol
agent again PCN. If successful, the natural enemywill significantly contribute
in reduction on use of synthetic chemicals in nematode management besides
boosting potato production.
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Screening cassava for resistance against cassava mosaic and
cassava brown streak viruses using a precise and rapid high

throughput workflow
SAMAR SHEAT, STEPHAN WINTER

Leibniz InstituteDSMZ,GermanCollection ofMicroorganisms andCell CulturesGmbH,
Germany

Growing cassava in Africa requires resistance against the viruses causing cas-
sava mosaic disease (CMD) and the viruses causing cassava brown streak
disease (CBSD). Breeding cassava for resistance against viruses requires the
sources of resistance, readily flowering genotypes to produce viable crosses,
seeds, and most importantly, a straightforward screening process. Screening
for resistance against mosaic viruses can be achieved by planting seedlings
into virus hotspots because infections and disease spread with viruliferous
whiteflies are guaranteed. Symptoms become readily visible, and scoring for
disease incidence and severity allows the selection of resistant candidates al-
ready during the first planting season. In contrast, screening for resistance
against cassava brown streak viruses is cumbersome because of the unpre-
dictable transmission bywhiteflies and the slow plant infection processes that
are often not associated with distinct leaf symptoms. Thus, only the assess-
ment of root necrosis which is done at the end of the growing cycle can serve
as an indicator for plant resistance/tolerance. The selection of promising can-
didates thus is associated with high uncertainties from the erratic virus in-
fections. We have developed a high throughput virus screening workflow for
cassava resistance screening by which cassava seedlings pass through an in-
tensive and precise virus infection routine after which resistance against mo-
saic and brown streak viruses can be assessed with high accuracy and, in less
than nine months - from seedling infection to a final verdict. Components of
the tactics are; effective virus infections, reduced biological repeats, and in-
creased accuracy; susceptible sensitive lines are eliminated early to conduct
detailed virus studies with pre-selected lines only. The developed protocol
shifts resistance evaluation from the field to the nursery, replacing the erro-
neous and lengthy infection and screening processwith amethod of precision
and speed.

Keywords: CBSD, CMD, disease tolerance, dual virus resistance, plant
immunity, precise virus screening, resistant cassava
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Uncovering the genetic diversity of Hemileia vastatrix in
three coffee-producing areas in Guatemala and its

implications for resistance of coffee varieties
JOSÉ ALEJANDRO RUIZ-CHUTÁN1, MARIE KALOUSOVÁ1, JULIO ERNESTO
BERDÚO-SANDOVAL2, CARLOS VILLANUEVA-GONZÁLEZ3, AMÍLCAR
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1Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of Crop
Sciences and Agroforestry, Czech Republic
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Coffee rust, caused by the fungus Hemileia vastatrix, is the leading disease that attacks
the crop worldwide. One of the strategies for controlling the disease is the genetic fac-
tor, developed through breeding programmes that result in coffee genotypes resistant
to the pathogen. However, to make the best use of this factor, it is essential to know
the molecular factor of the pathogen. Despite the importance of coffee cultivation for
Guatemala, there is no study of the pathogen’s population structure, genetic diversity,
and haplotypic diversity. This study evaluated the genetic diversity and population
structure of H. vastatrix fungal populations in three coffee-producing departments in
Guatemala using 17 microsatellite polymorphic markers and ITS. Between 2 and 11
alleles per locus were observed, with a mean of 5.22. The Shannon diversity index,
nucleotide, and haplotypic diversity showed values of 0.86, 0.0051, and 0.985, respec-
tively. Highwithin-population variationwas observed (92%). In addition, high levels
of gene flow between populations were found, suggesting low genetic differentiation
(Fst = 0.024) between populations. The haplotype network showed that H. vastatrix
isolates behave as a large population without defined differentiation, in which ancient
haplotypeswere detected fromwhich newvariants of the fungus emerged. The Tajima
test showed that the populations of H. vastatrix are undergoing an expansion process.
In general,H. vastatrix populations in Guatemala are highly variable, and genetic vari-
ation is widely distributed in all the departments studied. It was determined that the
haplotypic diversity ofH. vastatrixmay influence the resistance of coffee cultivars. The
severity tests of H. vastatrix exhibited a statistically significant difference (𝑝 < 0.001)
in the area under the disease progress curve (AUDPC) among the eight varieties eval-
uated. Still, the interaction between the pathogen and the plant is complex, and other
environmental factors may also influence resistance.
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Effect of sowing date of faba bean (Vicia faba L) cultivars on
Orobanche crenata seed bank and faba bean production

ESMAT HEGAZI1, WEDAD E. KHAFAGI2, A ABOU ZIED3
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2Plant Protection Research Institute, Biological Control, Egypt
3Field Crops Research Institute, Food Legumes Research Department, Egypt

The broomrape, Orobanche crenata Forsk (Orobanchaceae) is an annual para-
sitic weed. It is a serious parasitic weed causing considerable losses in many
major crops including faba bean (Vicia faba L.). In Egypt, losses due toO. cre-
nata parasitism may reach 40 to 100%. Several methods have been used for
controlling O. crenata but without success. Some of these methods are unfea-
sible and costly. Little is known about the effect of different control strate-
gies on O. crenata. Sowing date seems to be one of the potential solutions
for controlling O. crenata. In this work we studied the effect of sowing dates
on both the degree of infection by O. crenata and the pod yield of faba bean
using resistant (Giza 843) and susceptible (Nubaria 1) faba bean cultivars
in naturally Orobanche infested soil. The results demonstrated that, late sow-
ing (3 weeks after normal sowing date) reduced significantly the number of
emerged O. crenata shoots for both the resistant and the susceptible cultivars
. Pod yield increased significantly on late sowing especially for the resistant
Giza 843 cultivar (115.2 kgper plot) which produces much higher pod yield
than the susceptible Nubaria 1 cultivar (86.4 kg per plot). This can be ex-
plained by the reduced number and dry weight ofO. crenata attachments and
a slight decrease in shoot dry weight of the resistant cultivar. So, combining
both resistant cultivar with late sowing could be a useful tool as a part of an
integrated strategy to control O. crenata in faba bean fields.

Keywords: Faba been cultivars, Orobanche crenata seed bank, Faba bean
production, sowing date
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Fatty acids as sustainable biorationals for weed control
FARIMAH ASADI1, THORSTAN KRASKA1, MICHAEL PETRY2
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As the global population continues to grow, food production must increase
sustainably. This requires enhancing crop yields while reducing the environ-
mental impact of agricultural practices. Weeds are a significant biotic con-
straint to food production as they compete with crops, reducing agricultural
output and increasing external costs. Synthetic herbicides have been the pri-
mary method for weed control, but their harmful environmental effects re-
quire finding sustainable alternatives. Fatty acid compounds, derived pri-
marily fromglyceridic plant oils, are one such alternative. These natural prod-
ucts offer low ecotoxicological side effects and high biodegradability, making
them a promising alternative to synthetic herbicides. Pelargonic acid is one
fatty acid which is already on the market. This study aimed to evaluate the
herbicidal efficacy of an oil-in-water-emulsion preparation containing vari-
ous fatty acid compounds separately and in mixtures. The greenhouse ex-
periments were conducted on green beans, which are sensitive to herbicides,
to determine the phytotoxic potential of the compounds. The results showed
that pelargonic acid had high phytotoxic effects on green beans at the level
of 1% and more, while caprylic acid was an effective post-emergence herbi-
cide even at low concentrations of 0.5%. Even at the lowest concentration of
0.1%, both compounds exhibited signs of damage, and as the concentration
increased, death occurred. Linseed oil (containing linolenic acid as the main
fatty acid) also showed potential to exert different levels of phytotoxicity but
not as strong as other compounds. The effect strongly depends on the type
of fatty acid (chain length). From the experiments it could be shown that the
effects of the treatments were dose-dependent, with higher concentrations
leading to greater levels of damage and eventual death. Overall, the study’s
findings highlight the potential of fatty acid compounds as biorational post-
emergence herbicides in sustainable weed management strategies. Incorpo-
rating these natural products into integratedweedmanagement programmes
could contribute to producing crops subjected to less stress in a sustainable
manner, promoting sustainable food production to meet the demands of the
growing population.
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Effects of microbial inoculants on growth and salinity
tolerance of hydroponically-grown tomatoes

GRAHAM GIESTING, JÖRN GERMER, FOLKARD ASCH
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

The relationships of plants with soil-living bacteria and fungi are known to potenti-
ate plants’ resistance to diseases, ameliorate plants’ stresses and stress responses, and
promote plants’ growth. Hydroponic production has increased in prevalence all over
the world, as a production approach which enables greater control for growers over
their plants’ environments and more optimal use of scarce resources. The microbial
communities with which plants interact in hydroponic environments vary from those
in soil in profusion and variety, but microbes are nonetheless present there and can
interact with plants, and their effects in these production systems are largely uninves-
tigated and untapped.
To assess the effect of different microbiota in conferring salinity resistance to tomato
(Solanum lycopersicum, var. Sweeterno), plants were inoculated with Bacillus mega-
teriumNi-5-SO-11, Pseudomonas brassicacaerum 3Re2–7, andTrichoderma harzianumDSM
32006 in a basic hydroponic system. Tomato seedlings were treated with each these
three inoculants, with and without 60 mM of NaCl, grown for 2 weeks in 2.5 l buck-
ets with 50% INTEGAR nutrient solution oxygenated via a bubbling air hose, then
harvested, measuring biomass, SPAD, leaf area, and tissue ion concentration. Signifi-
cant differenceswere found between inoculant treatments and controls in biomass and
biomass distribution, SPAD, leaf area, and tissue ion concentrations. Endophytic bac-
teria were found to induce more consistent and positive responses than fungi, whose
mycorrhizae did not thrive in solution and who had widely variable – but generally
detrimental – effects on biomass, SPAD, and root length and health. These findings
suggest that (certain of) the studied inoculants may boost plant performance in a hy-
droponic setting.
Growth promotion of hydroponically grown plants bymicrobes could potentially pro-
vide significant benefits. This would occur in a physical and biological environment
where the makeup of the microbial community can be directly controlled, e.g. via
aqueous inoculation of plants with beneficial inoculation over the full submerged root
surface. The plants in this studywere harvested at 18 days. Although thismakes yield-
effect predictions more abstract, this approach could be used as a screening protocol
for candidate PGP microbial strains.
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Inhibitory activity of bacterial lipopeptides against Fusarium
oxysporum f.sp. strigae
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This study investigated the impact of bacterial cyclic lipopeptides (LP; sur-
factins, iturins, fengycins) on microbial interactions in the plant endosphere.
The objective was to investigate whether the presence of bacteria inhibits fun-
gal growth andwhether this inhibition is due to the release of bacterialmetabo-
lites, particularly LP. The study employed selected endophytic bacterial strains
with known plant-growth promoting potential that were cultured in the pres-
ence of Fusarium oxysporum f.sp. strigae (Fos), whichwas applied as themodel
fungal organism. The extracellular metabolome of tested bacteria, with a
focus on LP, was characterised, and the inhibitory effect of bacterial LP on
fungal growth was investigated. The results showed that Bacillus velezensis
GB03 and FZB42, aswell asB. subtilisBSn5 exhibited the strongest antagonism
against Fos, while Paraburkholderia phytofirmans PsJN had a slight stimulatory
effect. Crude LP from strains GB03 and FZB42 had the strongest inhibitory
effect on Fos, with a significant inhibition of spore germination and damage to
the hyphal structure. Liquid chromatography tandem mass spectrometry re-
vealed the production of several variants of iturin, fengycin, and surfactin LP
families from strains GB03, FZB42, and BSn5, with varying intensity. Using
plate cultures, bacillomycin D fractions were detected in higher abundance
in strains GB03, FZB42, and BSn5 in the presence of Fos. Additionally, the
presence of Fos in dual plate culture triggered an increase in bacillomycin D
production from the Bacillus strains, possibly through activation of signaling
molecules. It was also suggested that fungal metabolites produced by Fos
in dual culture might have triggered LP production by bacteria. The study
clearly demonstrated the potent antagonistic effect of certain Bacillus strains,
including Bacillus sp. GB03, FZB42, and BSn5, on Fos development. Con-
versely, we found that P. phytofirmans PsJN promoted the development of Fos.
Our findings emphasise the crucial role of microbial interactions in shaping
the co-existence of microbial assemblages in plant endospheres.

Keywords: Bacillomycin D, biological control, co-inoculation, lipopeptide
abundance, microbial interaction
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Protecting organic cotton: Biopesticides tested against the
American bollworm
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One of the most widely used fiber crops in the world, cotton is utilised in
manufacturing clothing and other goods. Its production is highly affected
by the American bollworm pest, Helicoverpa armigera. To fight off the attacks
of H. armigera, GMO Bt-cotton was designed, which now dominates India’s
cotton production. In India, around 90% of the total cotton production is
sourced from Bt Cotton. However, as GMO crops are not allowed in organic
farming the attacks of the American bollworm remain a major threat to or-
ganic cotton production. At our study site in Madhya Pradesh in central In-
dia, we tested different biopesticides on the American bollworm in organic
cotton field trials. Three commercially available biopesticides containing the
a) Nuclear polyhedrosis virus, b) Bacillus thuringiensis, and c) Metarhizium
rileyi were evaluated and compared with the control, which was not treated
against pest attacks. The experiment included four replications in 2021 and
2022. We monitored the pest occurrence and started applying the treatments
when the economic threshold level was reached. We counted the number
of larvae and eggs of the American bollworm on the cotton plants in regu-
lar scouting. In both years, the number of H. armigera on the cotton plants
was significantly reduced compared to the control. All treated plots had sig-
nificantly fewer damaged balls when compared to the controls. However,
no significant effect on yield could be found. Further research is needed to
evaluate the effectiveness of commercially available biopesticide products in
laboratory tests. Furthermore, we envisage insect ecology studies to better
understand the pest dynamics affecting organic cotton production.
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Reaction of common bean genotypes to plant parasitic
nematodes

ADRIANE WENDLAND, ENDERSON FERREIRA, WALDIR PEREIRA DIAS,
IVANI DE OLIVEIRA NEGRÃO LOPES

Embrapa - Brazilian Agricultural Research Company, Brazil
Brazil is the world’s largest producer of common bean (Phaseolus vulgaris L.), a basic
dietary protein food source in the diet of the Brazilian. The consumer choice regard-
ing grain colour, grain type, and culinary quality varies regionally, being the carioca
grains (pinto bean) the type that dominates 70% of the common bean market. The
use of resistant cultivars is the most efficient strategy to control the nematode popu-
lation, besides being appropriate to the producer. Nevertheless, few common bean
genotypes that could serve as sources of resistance to nematodes have been identified
in Brazil. These strategie being frequently the easiest and least expensive approach
that can be adopted by farmers. However, in the case of the common bean in Brazil,
few sources of resistance have been identified so far. Thus, this study was conducted
to assess the reaction of 81 common bean genotypes to themost abundant and harmful
plant parasitic nematode species in brazilian crop fields: Meloidogyne incognita race 3,
Meloidogyne javanica, Pratylenchus brachyurus, and Heterodera glycines race 3. We eval-
uated the reactions of the genotypes to the nematode species individually, by com-
puting their relative reproduction rates to a susceptibility standard, and collectively
by applying the Tukey’s multiple comparison test on the means of nematodes recov-
ered.We found genotypes resistant to all tested nematodes: 7 were classified as re-
sistant to Heterodera glycines (BRS Esteio, BRS Notável, BRSMG Majestoso, BRSMG
Pioneiro, CNFC11954, CNFP10103, Xamego), 15 toMeloidogyne incognita (Aporé, BRS
Embaixador, BRS Esplendor, BRS Grafite, BRS Notável, BRS Requinte, BRSMG Ma-
jestoso, BRSMG Pioneiro, CNFC 10762, CNFC 11954, CNFP 11984, IAC Alvorada, IPR
Eldorado, RP 1, Rudá) and 8 to Meloidogyne javanica (Aporé, BRS Esteio, BRS Pontal,
BRS Requinte, BRSMG Talismã, CNFC 10762, CNFP 10103, CNFP 10794) and 2 found
to be resistant to Pratylenchus brachyurus (IPR Tangará and Light Red Kidney). The
high amount of genotypes evaluated and the uniformity of experimental conditions
allowed a solid base for the development of insightful discussions on the aspects in-
volving statistical analysis of nematode data, possible sources of resistance, and the
multiplication rates of important nematodes on common bean genotypes.

Keywords: Cyst-nematodes, genetic resistance, Phaseolus vulgaris, root-knot nema-
todes, root-lesion nematodes, soybean
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Enhancing management of invasive fall armyworm under
different tillage and cropping systems in Nigeria
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The fall armyworm (FAW; Spodoptera frugiperda), is a voracious agricultural pest which
cause extensive damage to maize crops. Agroecology is a friendly approach that has
been practised by many farmers, but the suitability of agro-ecological measures for
reducing FAW densities is largely unexplored. Therefore, we hypothesised the ef-
fect of tillage and cropping systems on larval population and damage by FAW across
two different landscapes in Ibadan, Nigeria. A land size (48.6m by 32.2m) was di-
vided into six equal experimental units, each containing different tillage and cropping
systems, namely: maize-celosia intercrop+conventional tillage (AICT), maize-celosia
intercrop+minimum tillage-mulch (AIMTM),maize-cowpea intercrop+conventional
tillage (CPCT), maize-cowpea intercrop+minimum tillage-mulch (CPMTM), Maize-
monocrop+conventional tillage (NICT) and maize-monocrop+minimum tillage-
mulch (NIMTM). The set up was replicated in two different landscapes represent-
ing areas of high tree cover (HTC) and low tree cover (LTC), with each area, having
eight replicated farms. Tillage operations and mulching were carried out based on
local practices and maize, cowpea and vegetable seeds were sown following standard
procedures. Data on FAW larval population were collected by counting the number
of FAW on ‘W’ point in the core plot (5m by 5m area), while data on foliar damage
were taken using the CIMMYT pictorial guide, 1–9 (where1 = not infested; 9= heavily
infested), at three, six and nine weeks after sowing (WAS). Data were analysed using
analysis of variance and means were separated with Duncan’s Multiple Range Test at
5% probability level. The NICT plot had the highest number of FAW larvae in both
the HTC and LTC and FAW larval population was significantly (p≤ 0.05) lower on
minimum tillage-mulch plot than in conventional tillage plot. Foliar damage by FAW
was significantly lower in HTC area than in the LTC area. It is apparent from the cur-
rent study that FAW larval population and foliar damage were reduced on minimum
tillage and mulching plot than conventional tillage plot as well as on maize monocrop
plot than intercropped plot. The effect of high tree cover was stronger than the low
tree cover in reducing fall armyworm larval population in Nigeria.

Keywords: Fall armyworm larval, high tree cover, intercropping, minimum-mulch
tillage, monocropping
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Molecular tools to predict resistance-breaking abilities of rice
yellow mottle virus isolates
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Rice yellow mottle virus (RYMV, Sobemovirus, Solemoviridae) is a major bi-
otic constraint to rice cultivation in Africa. This icosaedric (+) ssRNA virus
has been described in 25 countries. It shows a high and geographically-struc-
tured genetic diversitywith sixmajor strains distributed inWest or EastAfrica,
themselves divided in several sub-lineages. This classification was based on
phylogenetic analyses of the coat protein (CP) sequences and confirmed on
full-length genomes. Varietal selection is considered as the most efficient and
sustainable way to manage RYMV. Sources of high resistance were found
mostly in accessions of the African rice species, Oryza glaberrima. Two reces-
sive and one dominant resistance genes were identified. Experimental evolu-
tion on resistant accessions revealed emergence of resistance-breaking (RB)
genotypes in controlled conditions. The RB ability was highly contrasted de-
pending on the RYMV lineages and the resistance sources. We previously
demonstrated that the codon 49 of the viral protein genome-linked (VPg)
played a major role in the RYMV adaptation to O. glaberrima and that the
polymorphism at this codon can be used to predict the RB ability of RYMV
isolates against several resistance sources. However, sequencing of the VPg
gene is required in addition to the CP sequence to determine the RYMV sub-
lineage. Moreover, no molecular marker was available to discriminate an hy-
pervirulent lineage able to overcome all the known resistance sources. Here,
we identified a molecular signature in the P1 gene of the RYMV hyperviru-
lent lineage. Then, we designed specific RT-PCR primers in the P1 and VPg
genes. These primers were tested and validated on 50 isolates representative
of the RYMV genetic diversity. They will contribute to mitigate the risks of
RB emergence taking into account the RYMV lineages identified in fields and
their adaptability to optimise the deployment strategy of resistant lines at the
local scale.

Keywords: Molecular tools, resistance-breaking, rice, RYMV
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Comparative effects of different cabbage varieties on the
bionomics of two aphid species (hemiptera: Aphididae)
ETHELYN ECHEP FORCHIBE1, KEN OKWAE FENING1, DERIC TANKA VERSHIYI1,

MILLICENT COBBLAH2, KWAME AFREH-NUAMAH1
1University of Ghana, African Regional Postgraduate Program in Insect Science
(ARPPIS), Ghana

2University of Ghana, Dept. of Animal Biology and Conservation Science, Ghana
Lipaphis erysimi pseudobrassicae (Davis) and Myzus persicae (Sulzer) are im-
portant pests of brassica crops, causing significant yield losses on cabbage in
Ghana. Management of these pests in the country is largely dependent on
conventional insecticides, which often lead to pest resistance, environmental
pollution, food safety, and health issues. To inform the development of eco-
logically sound and sustainable pest management strategies for these pests,
their biological and population growth parameterswere studied on three cab-
bage varieties (Oxylus, Fortune, and Leader cross). The studywas conducted
in a screen house under ambient conditions at 30 ± 1°C and 75 ± 5% RH
and 12:12 h photoperiod from September to November 2020. The parame-
ters of the preadult developmental period, survival rates, longevity, repro-
duction, and life table were evaluated following the female age-specific life
table. There were significant differences in the nymphal developmental time,
longevity, and fecundity on the cabbage varieties for both aphid species. The
highest population growth parameters, net reproductive rate (R0), intrinsic
rate of increase (r), and finite rate of increase (λ) were recorded on Oxylus
variety for both L. e. pseudobrassicae and M. persicae. The lowest was recorded
on Leader cross variety for L. e. pseudobrassicae and Fortune for M. persicae.
The results from this study suggest that Leader cross is a less suitable host for
L. e. pseudobrassicae and Fortune for M. persicae, thus, should be considered
as less susceptible varieties for use in primary pest management by small-
scale farmers or as a component of an integrated pest management strategy
for these pests on cabbage.
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Effect of trap colour, cultural and sanitation measures on
density of Bactrocera zonata in Sudan

FAIZA SALAH1, HAYDER ABDELGADER2, REHAB FADWL1
1University of Gezira, Dept. of Crop Protection, Sudan
2Agricultural Research Corporation (ARC), Crop Protection Research Center, Sudan

Horticulture is one of the most important agricultural sub-sectors in Africa,
providing income, creating jobs and enhancing food and nutrition security.
Fruit flies, Bactrocera spp., are among the most destructive fruit/vegetable-
eating agricultural pests in the world, particularly in African countries such
as Sudan. The objective of this study was to investigate the effect of trap
colour, cultural and sanitation Measures on density of peach fruit fly, Bac-
trocera zonata (Saunders) (Diptera: Tephritidae). Several field surveys were
conducted in the Gezira State, Sudan during season 2016/2017. Three loca-
tions were selected in the study area and three sites were selected at each
location. An orchard was randomly selected at each site and five directions at
each orchardwere determined. Methyl Eugenol trapwas used to estimate the
effect of colour, cultural and sanitation measures on density of the fruit flies.
Data were subjected to descriptive analysis and analysis of variance proce-
dure. The results showed that during the flowering period of mango, peach
fruit fly (Bactrocera zonata) was highly attracted to other colours rather than
the yellow colour, while, during the fruiting the insect was highly attracted
to the yellow colour compared to the other colours. The density of the in-
sects was significantly low in the well managed orchards (8.7 insects per trap
per week) compared to the poor managed orchards (36.9 insects per trap per
week). So the trap colour, composition of the horticultural crops, well cultural
practices and good sanitation measures should be addressed when dealing
with the control of peach fruit fly.

Keywords: Bactrocera, colour, methyl eugenol, peach fruit fly, sanitation
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The relative abundance and association between fruit flies,
Bactrocera spp. in Sudan

HAYDER ABDELGADER1, FAIZA SALAH2, REHAB FADWL1
1Agricultural Research Corporation (ARC), Crop Protection Research Center, Sudan
2University of Gezira, Dept. of Crop Protection, Sudan

Flies (Diptera: Tephritidae) are the most destructive insect pests of fruits and
vegetables in the world. Fruit and vegetable production is one of the most
important agricultural subsectors in Africa, providing income, creating em-
ployment opportunities, and enhancing food and nutritional security. Sudan
has a vast and divers fruit and vegetable production zones which enable pro-
duction of horticultural crops all around the year Fruits and vegetables are
important components in human nutrition as they are important source for
minerals and vitamins. In Sudan the production of fruits and vegetables is
affected by fruit flies (Bactrocera spp.) that may play a major role in reduc-
ing production and limiting the exportation capabilities. The objective of the
present study was to investigate the relative abundance and association be-
tween fruit flies (Bactrocera zonata and Bactrocera invedens) (Diptera: Tephri-
tidae). Several field surveys were conducted in Wad Medani Area, Gezira
State, Sudan during season 2016/2017. Three locations were selected in the
study area and three sites were selected at each location. An orchard was
randomly selected at each site and five directions at each orchard were deter-
mined. Methyl Eugenol trap was used to estimate the seasonal abundance of
the fly among locations and sites. Data were subjected to descriptive analysis
and regression analysis. The relative abundance of Bactrocera dorsalis (76.9%)
was higher compared to the Bactrocera zonata (23.1%) at Wad Medani area,
Gezira State, Sudan throughout the season 2016/17. In conclusion, the find-
ing of this study could be utilised in sustainable pest management strategy
for fruit flies (Bactrocera spp.) in the agro‐ecological system of Gezira State,
Sudan
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Assessing the tolerance of cocoa (Theobroma cacao L.)
progenies to the black pod disease caused by Phytophthora

megakarya bras. and griff
HERMAN EBAIARREY

University of Yaounde I, Plant Biotechnology, Cameroon
Cocoa (Theobroma cacao L.) belongs to theMalvaceae family and it is a diploid
plant (2n = 20). It originated in the Amazon Basin (Central America) from
where it spread to the other parts of the world including Africa that is today
the highest producer. The greatest limitation to cocoa production is the black
pod disease caused by the Phytophthora spp. This work aims at evaluating the
tolerance of five IRAD developed cocoa hybrids of clones (PA107*SNK614,
IMC67*SNK109, SCA12*SNK16, IMC67*SNK64 and T79/501*SNK64) to the
black pod disease, with respect to the parental clones. Mature pods (ap-
proximately 5 months old) were harvested from the field in the early hours
of the day and used to test for tolerance to the black pod disease using the
Iwaro’s detached pod test (DPT-SM). The means were separated using the
General Linear Model (GLM) and ranked using the Student Newman-Keuls
(SNK) multiple comparison test. The ANOVA showed significant difference
at 𝑝 < 0.01 on tolerance between hybrids of clones and 𝑝 < 0.001 on toler-
ance between hybrids of clones and clonal groups. Forty percent of the hy-
brids of clones tested were more tolerant than all the clonal groups. The IMC
clonal group was the most tolerant of the six clonal groups tested and it oc-
cupied third place in the overall ranking of the hybrids of clones and clonal
groups tested. Although the tolerance score varied between hybrids of clones
PA107*SNK614 was the most tolerant (0.79) and T75/501*SNK 64 being least
tolerant (2.00), all of these hybrids of clones possesses real potential to the
tolerant to the black pod disease.

Keywords: Clones, hybrids of clones, Phytophthora megakarya, Theobroma ca-
cao, tolerance
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Population dynamics and damage threshold of Pratylenchus
n. sp. and Meloidogyne javanica on finger millet

BETH WANGUI WAWERU1, NJIRA NJIRA PILI2, GODELIEVE GHEYSEN1,
WIM WESEMAEL3, GOITOM TEKLU MISGHINA4

1Ghent University, Molecular Biotechnology, Belgium
2Moi University, Kenya
3Flanders Research Institute for Agriculture, Fisheries and Food (ILVO), Plant Sciences
Unit, Crop Protection, Belgium

4Wageningen University and Research, Plant Research, The Netherlands
Finger millet (Eleusine coracana L.) is a staple crop for subsistence farmers and is pri-
marily cultivated in arid and semiarid regions. In this study, we investigated the popu-
lation dynamics, damage threshold and tolerance of the lesion nematode, Pratylenchus
n. sp., and the root-knot nematode, Meloidogyne javanica, on a P-224 cultivar of finger
millet. We used eleven initial population densities (Pi) of second-stage juveniles 0,
0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32 and 64 J2 (g of soil)−1 for M. javanica and a mixed life
stages (g of soil)−1 for Pratylenchus n. sp. to inoculate finger millet seedlings. Each
nematode density had eight replicates. Shoot height as growth indicator was recorded
weekly, while harvestable variables fresh shoot weight, grain weight and final popu-
lation densities of nematodes were determined 4.5 months after planting. The logis-
tic growth model, Seinhorst yield loss and population dynamic models were fitted
to the shoot height, plant biomass and final nematode population density. Based on
the population dynamics model used parameters, maximum multiplication rates and
maximum population densities for each nematode species were estimated. The max-
imum multiplication rates (a) were 32.39 and 17.46, whilst the maximum population
densities (M) were 18.83 Pratylenchus (g of soil)-1 and 19.78 J2 (g of soil)-1 for Praty-
lenchus n. sp andMeloidogyne javanica respectively. The maximum height reached (C)
was affected negatively with increasing Pi for both nematode genera, while the rate of
growth (B) and the time to reach 0,5×C was not affected based on the logistic model.
A tolerance limit (T) of 1.70, Pratylenchus (g of soil)-1 and 0.65, J2 (g of soil)-1; relative
minimum grain yield (m) of 0.23 and 0.40 for Pratylenchus n. sp. and Meloidogyne ja-
vanica respectively was found. The results suggest P-224 cultivar is a good host and
their presence in the field can significantly reduce yield. These findings can be used
as base to develop other effective nematode management strategies for finger millet
instead of rotation with P-224 cultivar.

Keywords: Host status, minimumyield, orphan crop, Seinhorstmodel, tolerance limit
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Integrated pest management is cost-effective and successfully
reduced insect pests of eggplant (Solanum melongena var.

pink ravaya) in two agroecological zones in Ghana
THERESE NGOSONG NKAFU, KEN OKWAE FENING, KWAME AFREH-NUAMAH
University of Ghana, African Regional Post Graduate Programme in Insect Science
(ARPPIS), Ghana

Increased public concern over the health and environmental implication of
the extensive use of synthetic pesticides to control insect pests have neces-
sitated the need for alternative eco-friendly options. Therefore, this research
was conducted to evaluate cost-effective pestmanagementmodules that could
guarantee the sustainable production of Solanum melongena (eggplant) in the
deciduous forest and coastal savannah agroecological zones of Ghana. The
experiment evaluated four treatment modules [chemical intensive, less-risk,
integrated control (IPM) and no spray (control)] for two cropping seasons;
major and minor rainy seasons of 2020/2021. Eggplant seedlings raised in
insect-proof net were transplanted onto the treatment plots and data on the
abundance of insect pests and natural enemies were collected weekly, begin-
ning two weeks after transplanting. The yield was recorded at harvest and
the economics of eachmodule was assessed for each location and season. The
results showed that the abundance and dynamics of key insect pests varied
across treatmentmodules, seasons and geographical locations. The IPM treat-
ment had the lowest abundance of all pests (thrips, eggplant fruit and shoot
borer, whiteflies, mites, aphids, leafhoppers and grasshoppers) and the high-
est yield and cost-benefit ratio as opposed to the control. The abundance of
insect pests and eggplant yield were lower in the coastal savannah than in the
deciduous forest zones for both seasons. Incorporating agroecological, sea-
sonal and financial variability information in pest control programmes can
improve the sustainability and adoption of integrated pest management pro-
grammes. This information can be used to select appropriate location-specific
pest management modules for use in vegetable production in Ghana and the
entire sub-region.

Keywords: Agro-ecological zone, cost-benefit ratio, integrated pest manage-
ment, key insect pests
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Diagnosis of pesticides use on off-season irrigated crops in
Goulbi Maradi valley, Niger

GABEYE DJAMILOU1, MARTIN WIEHLE2, TANKARI DAN BADJO ABDOURAHAMANE1
1Abdou Moumouni University of Niamey, Dept. of Soil Science, Niger
2University of Kassel, Tropenzentrum / Organic Plant Production and Agroecosyst.
Res. in the Tropics and Subtropics (OPATS), Germany

Irrigated crops represent a valid option to fight against poverty and food insecurity in
sub-Saharan Africa. To optimise yields, pesticides are systematically applied, how-
ever, constituting a potential source of human and environmental pollution. This
study aimed at diagnosing pesticides use on off-season irrigated crops in the Goulbi
Maradi Valley, Niger, by particularly considering the age, the educational level and
cropping experience of farmers. Thus, a survey was conducted in the municipalities
of Djiratawa, Maradi 3, and Tibiri with 692 farmers aged between 16 to 83 years. Pear-
son and Chi-square correlation tests were used to correlate data. African eggplant,
cabbage, moringa, and tomato, were the main irrigated crops listed. Caterpillars,
aphids, mites and the weed Cyperus rotundis were the most important crops’ oppo-
nents and all of the farmers controlled them by using pesticides. There were 60 prod-
ucts listed including 46 insecticides, 5 acaricides, 4 fungicides, 4 herbicides, and 1 or-
ganic. In total, 20 active ingredients were inventoried with the dominance of lambda-
cyhalothrin, cypermethrin, abamectin, emamectin, profenofos and dichlorvos. Ten
chemical families were identified and themost frequently used are organophosphates,
pyrethroids and avermectins. With reference to the Sahelian Pesticides Committee list,
50 of these products were not authorised amongwhich 8 are even prohibited, contain-
ing paraquat dichloride and dichlorvos. Also, 84.8% of the farmers had not received
any pesticides training and only 14% use full outfit during treatment. As discom-
forts, body itching (75.7%), cold (45.5%), dizziness (44%), headache (34.7%), con-
stipation (24.6%), nausea (24.4%), respiratory depression (20.4%), diarrhea (16.8%),
and vomiting (13.3%) were mentioned. However, most farmers took a bath (98.7%)
and drunk milk (59.7%) as countermeasures after applications. In addition, 84.9% of
farmers conducted inappropriate phytosanitary practices including non-compliance
with pre-harvest interval (49.9%), overdosing (40.6%), non-compliance with treat-
ment frequency (19.4%), lack of safety measure (14.6%). The correlation between
age, education level, and cropping experience against unsuitable application practices
are all significant and negatively correlated. Indeed, urgent action and extension train-
ing offers and international efforts are required to train particularly young and uned-
ucated farmers on the appropriate use and to probably ban and remove the stocks still
available in Niger.

Keywords: Crops’ opponents, discomforts, inappropriate phytosanitary practices,
irrigated crops, Niger
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Impact of integrated soil fertility management practices on
smallholder farmers welfare in Ethiopia

MILLION SILESHI HAILE1,2, BEKELE WEGI FEYISA2, STEFAN SIEBER1

1Leibniz-Centre for Agric. Landscape Res. (ZALF), Germany
2Haramaya University, School of Agricultural Economics and Agribusiness, Ethiopia

This study analyses factors associatedwith the adoption of integrated soil fer-
tility management (ISFMs), namely, inorganic fertiliser and SWC practices
alongside the individual and combined impact on net crop value and per
capita food consumption expenditure (PCFCE) using primary data collected
from 781 plots in eastern Ethiopia. Multinomial endogenous switching re-
gression is used to identify those factors associatedwith the adoption of these
practices and to evaluate the impact of adopting them on household welfare,
while taking into account both observable and unobservable biases which af-
fect both adoption of ISFMs and outcome variables. The results reveal that
ten of the explanatory variables included in the model are significantly asso-
ciated with at least one of the three adoption categories: adopting inorganic
fertiliser, SWC practices separately and jointly. The average treatment effects
results indicate that adoption of inorganic fertiliser only, SWC practices only,
and a combination of both increases net crop value by ETB 1070, 1642, and
2438, respectively, compared to their counterfactuals. Similarly, PCFCE also
increased by ETB 492 for inorganic fertiliser only, ETB 407 for SWC practices
adopters only, and ETB 1175 for both inorganic fertiliser and SWC practices
adopters, compared to their counterfactuals. Interestingly, household wel-
fare gains are larger when inorganic fertiliser and SWC practices are adopted
in combination than if adopted separately. The policy implications resulting
from this study include that designing policies or interventions that encour-
age the adoption of multiple agricultural technologies would help improve
household income and food consumption expenditures. Most importantly,
focusing on those factors found to be associated with the adoption of combi-
nation of inorganic fertiliser and SWC practices may help reap higher welfare
gains from adopting ISFMs

Keywords: Adoption, Ethiopia, food consumption expenditure, inorganic
fertiliser, multinomial endogenous regression, soils and water conservation
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From burning to conserving residues: The role of machinery
service providers in disseminating conservation tillage

ABDULLAH THASEEM MUHAMMED SHAH1, ARSHAKH THAZHATHU VEETTIL1,
KESAVANATH K. SREEKUMAR1, ARCHANA RAGHAVAN SATHYAN1,

VIJAYALAXMI D KHED2, A G ADEETH CARIAPPA2, VIJESH KRISHNA2
1Kerala Agricultural University, College of Agriculture, Vellayani, India
2International Maize and Wheat Improvement Center (CIMMYT), India

The green revolution has boosted cereal production in South Asia by intensifying rice-
wheat systems across the Indo-Gangetic plains. However, the increased intensity has
resulted in limited turn-around time between rice harvest and wheat sowing, creating
a challenge for farmers to sustainably manage rice residues. Alongside mechanisation
of rice harvest, this time limitation has led to burning of residues, causing air pollution
and serious health externalities for human beings. Conservation tillage technologies
(CTTs), such as zero-tillage and minimum tillage, could help by minimising soil dis-
turbance and provide an economically viable use of surplus rice residue as mulch.
Despite proven economic and environmental benefits, adoption of CTTs is limited in
Indian rice-wheat systems. For instance, around 7% and 34% of farmers use CTTs like
Happy Seeders and Super Seeders, respectively, in Punjab. We postulate that provid-
ing adequate access to tillage machinery through service provision can speed up the
diffusion process of CTTs among smallholder farmers.
Against this background, the present study examines the adoption of resource conser-
vation tillage technologies from a service provider perspective in the Indian state of
Punjab. Key informants and service providers from 122 villages in 8 districts were sur-
veyed in 2021. Findings suggest that the availability of CTT machines, including zero
tillage drill, Happy Seeder, and Super Seeder through service providers, positively
and significantly affects farmer adoption rates. Interestingly, adoption rates increase
when individual service providers offer multiple machine types. Factors such as male
and female labour wage rates, machine rental charges, and service provider type (e.g.,
cooperatives vs. private individuals) also affect the adoption rates. These results have
important policy implications for increasing CTT adoption and smallholder access to
mechanisation services for sustainable agriculture. Targeting service providers along-
side lead farmers as “change agents” appears to be a viable option but requires the
development of a feasible business model for service providers.
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Deep soil carbon loss offsets rapid aboveground growth after
reforestation of the Atlantic forest, Brazil

FELIPE QUARTUCCI1, MARTINA GOCKE2, MANFRED DENICH1, WULF AMELUNG2

1University of Bonn, Center for Development Research (ZEF), Germany
2University of Bonn, Inst. of Crop Science and Resource Conservation, Germany

Carbon (C) sequestration following land restoration is an efficient measure of
climate changemitigation. However, most studies including the international
‘4 per 1000’ initiative focus on topsoil C only. Due to absence of the deep soil
pool on land restoration assessments, studies might fail to select the most ap-
propriate approachwhen it comes toC sequestration. Here, we studied the re-
sponse of deep soil C to different land restoration approaches. Samples were
taken from rural sites in the Atlantic Forest Biome (Brazil), using a paired site
designwith triplicates of different 16-to-19-year-old restoration approaches of
former arable land: reforestation, natural regeneration, and agroforestry sys-
tems. Adjacent arable land and a > 25-year old secondary forest served as
references. We determined aboveground and belowground C pools, includ-
ing deep soil until 3m depth. The C stock in the aboveground living biomass
in the reforestation site was 85±15 Mg ha−1, significantly exceeding the re-
spective aboveground C in natural regeneration (40±13 Mg ha−1) and agro-
forestry system (25±5 Mg ha−1), respectively. This order, however, was re-
versed in soil, where reforestation caused a loss of soil organic carbon (SOC)
by 27 Mg ha−1 below 40 cm depth, whereas SOC stocks in the agroforestry
system and natural regeneration site increased by 41 and 25 Mg C ha−1, re-
spectively, compared to arable land. When analysing the whole ecosystem
carbon, we did not find statistical differences among the three restoration
methods. We thus conclude that deep soil carbon losses can negate above-
ground carbon accrual after land restoration. Not considering deep subsoil
C combined with aboveground C would have led to a false ranking of the
success of the land restoration practices.

Keywords: Agroforestry, carbon pools, carbon sequestration, deep soil car-
bon storage, land restoration, natural regeneration
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Does organic manure and other soil management practices
impact productivity and welfare outcomes of indigenous

plant farmers in South Africa?
ABIODUN OLUSOLA OMOTAYO1, ADEYEMI OLADAPO AREMU2

1North West University, Food Security and Safety Focus Area Res. Group, South Africa
2North West University, Indigenous Knowledge System Centre, South Africa

Employing a nationally representative dataset of small holder farmers in South
Africa, this study investigates the impact of organic manure and other soil
management practices on productivity of indigenous grain, fruits, and veg-
etables (IGFV), and farminghouseholds’welfare outcomes. The study adopts
amultinomial endogenous switching regression (MESR)model to correct for
selectivity bias stemming from both observed and unobserved heterogene-
ity. The average treatment effect on treated estimation results shows a signif-
icant impact of adopting organic manure in isolation and combination with
other soil improvement practices. However, the highest pay-off on productiv-
ity and welfare outcomes was achieved when organic manure and other soil
management practices were jointly adopted. The result indicates that joint
adopters gained 40% more on productivity compared to the 15% and 13%
productivity increase from individual adoption of organic manure and other
soil management practices respectively. Similarly, the per capita total con-
sumption for joint adopters of organic manure and other soil management
practices was thrice that of adopters of organic manure only, and 10% higher
than the adopters of the other soil management practices only. This study fur-
ther finds out that rural farmer’s education, wealth indicators, access to credit
facilities, and access to training play a significant role in driving both individ-
ual and combinatory packages of organic manure and other soil management
practices in South Africa. Overall, the study suggests that the joint adoption
of organic manure and the identified soil management practices can enhance
IGFV productivity and welfare outcomes of the rural smallholder farmers in
South Africa.

Keywords: Food production, food sustainability, small holder farmer, soil
conservation, underutilised plants
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How do composting materials and duration impact compost
evolution and quality in the tropics?

FELIX MATHERI1, ANNEKELLY KAMBURA2, MAINA MWANGI3, EDWARD KARANJA1,
NOAH ADAMTEY4, NANCY MUNYOKI1, EDWIN MWANGI1, DAVID BAUTZE4,

STEVEN RUNO3
1International Centre of Insect Physiology and Ecology (icipe), Kenya
2Taita Taveta University, Kenya
3Kenyatta University, Agricultural Science and Technology, Kenya
4Research Inst. of Organic Agriculture (FiBL), International Cooperation, Switzerland

Compost plays a crucial role in sustainable agriculture as a rich source of organic mat-
ter, nutrients, and biota that improve soil health. Materials like Lantana camara and
Tithonia diversifolia are readily available in the tropics to supplement nutrients in cattle
manure during composting. There is however limited information on the succession
of nutrients and microbes in compost as influenced by these materials. Moreover,
prior data from the long-term farming system comparison trials in Kenya has shown
significant mass and nutrient losses in compost. Compost emits GHGs which may
be attributable to the nature of feedstock, duration of composting, and poor compost-
ing practices. This study sought to enumerate the contribution of compostingmaterial
and duration on biological and nutrient succession inmanure. A field experiment was
conducted involving treatments based on grass clippings, Lantana, and Tithonia twigs
with data collection every 21 days over 84 days. Other materials used in combinations
were; fresh cow-dung and dry maize stalk in a ratio of 4:2:1 against the treatment
material as per farmer practice. Our study showed significant losses of GHGs and nu-
trients during the early stages of composting with stability of these elements recorded
towards the end of the composting period. However, significantly higher microbial
populations were recorded at this stage but more diversity was observed at the lat-
ter stages of composting. Lantana-based compost had the highest microbial diversity,
yet the lowest abundance among all compost treatments, implying the need for spe-
cialised microbes to break down this complex material compared to other sources.
This makes it suitable for the introduction of diverse microbes to degraded soils and
ecosystems but unsuitable in ecosystems requiring a rapid increase inmicrobial popu-
lations. Overall, the study showed that composting days had an overarching influence
on nutrient evolution. We recommend mitigation measures to reduce nutrient losses
at the early stages of composting.

Keywords: Biological stability, compost quality, composting duration, GHGs, green
materials, nutrient losses
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The effect of the dose of organic manure on the growth and
agro-morphological parameters of okra (Abelmoschus

esculentus) in the region of Fatick, Senegal
AWA TOURÉ, OUMAR SARR, ERIC SYLVAIN BADJI

Université Cheikh Anta Diop de Dakar, Dept. Biologie Végétale, Senegal

Low soil fertility in sub-Saharan Africa is one of the constraints limiting agri-
cultural production and justifying the effectiveness of mineral fertilisers on
crop yields. However, while mineral fertilisers are generally effective dur-
ing the first years of cultivation, a drop in yields is observed after five to ten
years of continuous applications of exclusively mineral fertilisers. The loss
of soil fertility is the main problem of Senegalese agriculture. A comparative
study of the effects of organic amendments based on horse dung was carried
out in order to evaluate the effect on the production and growth of of okra
(Abelmoschus esculentus) looking at agromorphological parameters as height,
diameter of the neck, and number of leaves per plant. The experiment was
carried out in the Fatick region more precisely in the village Nobadane, on
women managed plots with the Clemson spineless variety. The experimen-
tal device had three treatments (D0%, D50%, D100%) with three repetitions.
The treatments corresponded respectively to the control without addition of
organic manure (D0%), an application of 1 kg of horse dung per hill (D50%),
and%), an application of 2 kg of horse dung per hill (D100%). Under the con-
ditions of the experiment, the analysis of the results showed that the supply
of organic matter had no significant effect either on the height of the plant nor
on the diameter at the collar. On the other hand, D50% showed a significant
effect on the number of leaves as compared to D0% and D100%. This study is
important for proposing possible solutions to improve soil fertility.

Keywords: Abelmoschus esculentus, growth, horse dung, organic fertiliser
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Variability and critical values of nutrients in a highland
banana farming system in East Africa

JOANPAULA ELLISEUS RUTAZAHA1, JACOB KAINGO2, PETER WILSON MTAKWA3,
GODFREY TAULYA4

1International Institute of Tropical Agriculture (IITA), Tanzania
2Sokoine University of Agriculture, FoCoActive Project, Tanzania
3Sokoine University of Agriculture, Dept. of Soil and Geological Sciences, Tanzania
4International Institute of Tropical Agriculture (IITA), Uganda

Poor soil fertility remains a major constraint in East African highland banana
systems. Site-specific nutrient management practices promote attainment of
sustainable yields. Critical values and their spatial distribution are an essen-
tial component for designing a sustainable nutrient management plan. This
studywas conducted tomap the spatial distribution of nutrients and to deter-
mine the respective critical values for banana production in Rombo District,
Tanzania. It involved a survey of 100 smallholder banana farms. Soil samples
were collected at 0–30 cm depth along with plant samples. The samples were
analysed for physicochemical properties and nutrient concentrations, respec-
tively. Data on girth at base (Gbase) and at 1-m height from the ground (G1),
number of hands per bunch and number of fingers on the bottom row of the
second-last hand were collected from three selected mats per farm for allo-
metric estimation of fresh bunch weights. Aboveground biomass (AGB) for
the mother plants was also determined. Boundary line analysis was used to
determine critical values. Matoke had a significantly (P≤0.05) higher Gbase,
G1 and AGB than Malindi and Mshare, whereas Malindi had significantly
(P≤0.05) more hands. Kriging was used to generate the nutrient distribution
maps. There was no significant difference (P≤ 0.05) among the cultivars for
fingers and bunch weight. Critical values in banana leaves were 2.39, 0.15,
1.5, 0.35 and 0.3% for N, P, K, Ca, and Mg, respectively. Coefficient of varia-
tion was observed was in the order P>Cu>K>Zn>Mn>S. Results provide a
basis for nutrient management practices and fertiliser recommendations for
enhancement of yields in banana farming systems.

Keywords: Banana farming systems, critical values, kriging, soil fertility
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Impact of shea waste slurry on soil physical properties
ANGELA LARTEY-YOUNG1, EMMANUEL ABBAN-BAIDOO1, GEORGE LARTEY-YOUNG 2

1University of Cape Coast, Dept. of Soil Science, Ghana
2Tianjin University of Science and Technology, Environmental Science, China

Vitellaria paradoxa, the shea tree, growsnaturally throughout the Sahelian zone
in Africa. The subspecies V. paradoxa paradoxa can predominantly be found in
the Western part of Africa. In Ghana, shea is predominantly grown in the
three northern regions: Upper East, Upper West and Northern Region. The
fruit from shea tree (shea fruit) is edible and contains fats. This fat when ex-
tracted from the kernel serves as an important lipid material for cosmetics,
food, and the pharmaceutical industries. Shea waste slurry (SWS) is a bye-
product derived from the fat extraction process and mostly dumped. It hard-
ens on the soil surface. This study was done to examine the physicochemical
properties of SWS produced at different production sites and to investigate
the effects of SWS application on soil physical properties. SWS was applied
at 1%, 3% and 5% (w/w) on a haplic acrisol and ultisol collected from the
coastal savannah zone and semi-deciduous forest zone, respectively. The re-
sult showed that SWS had bulk densities ranging between 0.56 g cm−3 to 0.68
g cm−3, porosity from 28% to 40%, water holding capacity (WHC) of 42%
to 48%, particle density of 1.6 g cm−3, void ratio of 0.51 and moisture content
ranging from 25% to 31%. Addition of SWS increased soil porosity by 24%
and 23%, WHC by 34% and 25% in the acrisol and ultisol, respectively. Soil
bulk density was reduced by 11% and 16% respectively in the acrisol and
ultisol. Correlation analysis indicated that the physicochemical properties of
SWS positively correlated with physical properties of the two soil types. The
possible mechanisms behind the improvements in soil physical properties by
SWS application are high porosity, adsorptive nature of SWS and an efficient
WHC. It is concluded that application of SWS improves the soil bulk density,
enhances soil porosity and WHC.

Keywords: Acrisol, Ghana, shea, slurry, Ultisol, waste
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Production of a hydroponic nutrient solution from
organic residues

SEBASTIAN HEINTZE1, MARC BECKETT2, FOLKARD ASCH1, JÖRN GERMER1
1University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

2Fraunhofer Society, IGB (Inst. for Interfacial Engineering andBiotechnology), Germany
Hydroponic plant production has great potential as food can be produced without
fertile soil, and resource use is more efficient than in traditional agriculture. Nonethe-
less, hydroponics rely on mineral fertilisers as source for plant nutrients. A possible
option to render hydroponic plant production more sustainable is bioponics, where
nutrient solutions are derived from nutrient-rich organic residues. However, the nu-
trient compositions of organic solutions are often unbalanced and, when used in hy-
droponic plant production, rarely result in yields comparable to those achieved with
mineral fertilisers. This study aimed to produce organic solutions rich in either N,
P, or K and subsequently mix the solutions to create a nutrient-balanced hydroponic
solution.
Blood meal, bone meal, and potato peel were selected as N-, P-, and K-rich residues,
respectively. Each residue was mixed with water and digested anaerobically. Bone
meal and potato peel for 123 days, blood meal for 54 days. The NH+

4 -rich digestate
derived from blood meal was subsequently aerated for 18 days to transformNH+

4 into
NO3. Samples were regularly taken from each solution and analysed for available
nutrients. The three solutions were mixed based on the final NH+

4 -N, NO3
--N, PO4

3--
P, and K+ concentrations. The resulting organic nutrient solution contained 58mg l-1
NH+

4 -N, 43mg l-1 NO3
--N, 50mg l-1 PO4

3--P, and 247mg l-1 K+.
The organic solution was tested against a Hoagland solution for lettuce var. Hawking
in a deep water culture system for 25 days. In regular intervals the nutrient solution
was replaced, plant fresh mass was measured, and samples of the initial and replaced
solution were taken. At harvest, plants grown in bioponics had produced 1/3 of the
fresh mass of plants grown in Hoagland solution. Poor growth of the plants grown
in bioponics was attributed to an unfavourable NH+

4 :NO3-ratio, changes in nutrient
composition, and a high microorganisms load in the organic solution.
The approach of separately digesting organic residues with high N, P, or K concentra-
tions and subsequent mixing did not result in a nutrient solution enabling good plant
growth. However, important findings regarding production and utilisation of organic
nutrient solutions are presented and discussed.

Keywords: Bioponics, low-tech hydroponics, organic residue reuse, sustainability
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Biochar co-compost improves growth and yield of amaranth
and cowpea in highly weathered sub-Saharan soils
EMMANUEL ABBAN-BAIDOO1, KWAME AGYEI FRIMPONG1, DELPHINE

MANKA’ABUSI2, BERND MARSCHNER2

1University of Cape Coast, College of Agriculture and Natural Sciences, Department of
Soil Science, Ghana

2Ruhr-Universität Bochum, Dept. of Soil Science/Soil Ecology, Germany

Soil fertility decline is amajor constraint to cropproduction in sub-SaharaAfrica (SSA).
In Ghana, the highly weathered soils are continuously cropped without any external
fertiliser addition. This study was done to examine the quality of biochar co-compost
produced from corn cob and rice husk biochar together with easily accessible feed-
stocks like domestic bio-waste, poultry litter, and rice straw, and to assess the di-
rect and residual effects of the compost produced on soil physicochemical proper-
ties, nutrient uptake, and growth and yield parameters of amaranth and cowpea in an
amaranth-cowpea cropping rotation. The study, which involved nine treatments, was
conducted in pots filled with low nutrient, Haplic acrisol, Ferric acrisol and Plinthic
acrisol, collected from the coastal savannah zone, semi-deciduous forest zone and
guinea savannah zone of Ghana, respectively, and arranged in a randomised complete
block design (RCBD). The treatments in the study included a no amendment control
(Co), inorganic NPK fertiliser (IF), rice husk biochar (RHB), corn cob biochar (CCB),
compost without biochar (Com), biochar co-compost containing 5% RHB (5CoRHB),
biochar co-compost containing 10% RHB (10CoRHB), biochar co-compost containing
5% CCB (5CoCCB) and biochar co-compost containing 10% CCB (10CoCCB). The
result showed that soil pH, electrical conductivity (EC), total nitrogen (TN), total car-
bon (TC), carbon to nitrogen ration (CN ratio), and available P were significantly in-
creased in the biochar, compost, and biochar co-compost treatments compared to the
un-amended control. Biochar co-compost increased soil pH by 0.8 – 1.6 units, TN by
8.4 – 46.3%, and available P by 1278 – 5300%, compared to the control. Soil pH in the
biochar co-compost amended soils positively correlated with EC, TN, available P, and
the exchangeable cations. Biochar co-compost increased biomass yields of amaranth
and cowpea above 100% in all the soil types. In both plants, N, P and K uptakes in the
biochar co-composts increased with increased biochar addition (10% biochar > 5%
biochar). We conclude that biochar co-compost application has the potential to im-
prove soil physicochemical properties and increase crop yields by reducing nutrient
losses through slower Nmineralisation and higher release of P and K for plant uptake.
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Measures to increasing availability of phosphorous in
organic farming

SAWAN KUSHWAH1, AKANKSHA SINGH2

1bioRe Association, soil science, India
2Research Inst. of Organic Agriculture (FiBL), International Cooperation, Switzerland

Phosphorus is a key nutrient for food production and essential for growth
and development of food crops. Though phosphorous is abundant in the soil,
more than 90% of it is not available for plants. The low availability of phos-
phorous for plants is due to the fact it easily binds to other elements, making
it unavailable for plant uptake. Hence, phosphorous is usually added as ex-
ternal fertiliser in agriculture. In organic farming as synthetic P fertilisers
are prohibited, natural sources of phosphorous containing material are rec-
ommended (e.g., bone meal, guano, or rock phosphate). Among these avail-
able phosphorous sources, rock phosphate (RP) is one of themost promising.
However, it is a challenge to extract phosphorous fromRP tomake it available
to plants. It is specifically a challenge to find techniques for doing so that are
suitable for local context. Our study region is located in central India, where
we work with approx. 3000 organic cotton farmers. Cotton is the main cash
crop for farmers in our region. Here we present results from a participatory
approach, where we worked with farmers to find solutions to increase phos-
phorous availability from RP in organic cotton production. Through farmer
workshops and field visits we first identified locally available products for
acidulation of RP. The products identified were tamarind, tomato, mahua
vinegar, gooseberry and buttermilk then we trialed these products in farmer
fields to measure their effects. Buttermilk was identified as the most promis-
ing product. Being farmer driven, adoption potential of our technique was
high; however, challenges remained. We will discuss the process and chal-
lenges of such participatory research approaches and ideas to improve their
sustainability.
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Potential of insect frass as a bio-organic fertiliser from super
worm (Zophobas morio) and meal worm (Tenebrio molitor)

PHANUMAT AINTA1, KORRAWAT ATTASOPA2, THEWIN KAEOMUANGMOON1,
NUTTAPON KHONGDEE3, JEERANAN KHOMAMPAI1, YUPA CHROMKAEW1
1Chiang Mai University, Dept. of Plant and Soil Science, Thailand
2Chiang Mai University, Dept. of Entomology and Plant Pathology, Thailand
3Chiang Mai University, Dept. of Highland Agric. and Natural Resources, Thailand

Insect frasses have literally been studied as a bio-organic fertiliser as it con-
tains high plant nutritional values that may benefits for plant growth and
yield. This study aims at comparing physical, chemical and microbiologi-
cal properties of super worm (Zophobas morio) frass and mealworm (Tenebrio
molitor) frass as potential bio-organic fertilisers. Insect frasses were received
from the insect farm in the north of Thailand where the food source for insect
is mainly from wheat bran. This study was conducted at Faculty of Agri-
culture, Chiang Mai University, Thailand. By using a Scanning Electron Mi-
croscope (SEM) with energy dispersive X-ray spectroscopy (EDS), the shape
and size of frasses, as well as their chemical compositions by weight, were an-
alyzed. In addition, the screening and isolation of microorganismswere anal-
ysed by serial dilution and plate count. The results demonstrated that super
worm frass contains high amount of macronutrient including nitrogen (4%),
phosphorus (6.64%), and potassium (1.47%)whilemealworm frass contains
nitrogen (5.09%), phosphorus (6.88%), and potassium (2.29%). Not only
physico-chemical properties of frasses revealed a potential characteristic as
bio-organic-fertiliser, but microorganisms screening and isolation results also
found many microbial isolates that can promote plant growth (PGPs). Super
worm frass can be isolated for 58 isolates including bacteria 22 isolates, fungi
1 isolate, actinomyces 13 isolates, and yeast 1 isolate and mealworm frass can
be isolated for 21 isolates including bacteria 11 isolates, fungi 4 isolates, and
actinomyces 6 isolates. Our findings indicated that the frasses produced by
these insects, due to its nutritional content and associated microbiota, can be
potentially used as a bio-organic fertiliser in organic farming.

Keywords: Insect frasses, microorganisms, plant growth promoters (PGPs)
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Decomposition, greenhouse gas emissions, and nitrogen
release of rice straw and its derived biochar in paddy soil

under anaerobic incubation
SAOWALAK SOMBOON, SINTHARA KHENKHAMPHA, TANABHAT-SAKORN

SUKITPRAPANON, PHRUEKSA LAWONGSA
Khon Kaen University, Soil Science and Environment, Thailand

Organic soil amendments like rice straw improve soil fertility through the
decomposition process. However, the decomposition under anaerobic con-
ditions results in CH4 production. Using pyrolysis to produce biochar may
reduce CH4 production and subsequently affects nutrient availability such as
nitrogen in soils. This research investigated the effects of the application of
rice straw (RS, 10 t ha−1) and its derived biochar (BC, 3 t ha−1) on decompo-
sition, greenhouse gas emissions, and nitrogen release in a 56-day anaerobic
incubation experiment of submerged paddy soil. Our results showed that the
RS treatment had the highest CO2 andCH4 emission rates, while the BC treat-
ment had significantly lower emission rates, similar to the control. The CO2
emission rate of RS was higher than the BC and control from day 3, with the
highest value at week 5 (352.6 g CO2 m−2 d−1). Meanwhile, the CO2 emis-
sion rate in BC increased after two weeks and was highest at week 6 (146.6 g
CO2 m−2 d−1). Conversely, the CH4 emission rate of all treatments gradually
increased after week 2. RS soil had the highest CH4 emission rate at week 5
(757.1 g CH4 m−2 d−1) and BC soil had the highest CH4 emission rate at week
4 (1.11 g CH4 m−2 d−1). Extractable NO−

3 content was higher in RS than in
BC, while extractable NH+

4 content was higher in BC than in RS. The highest
contents of extractable NO−

3 and NH+
4 in RS treatment were found in weeks

3 (4.7 mg kg−1) and 4 (165.0 mg kg−1), respectively. Meanwhile, the highest
contents of extractable NO−

3 and NH+
4 in BC treatment were found in weeks

4 (2.6 mg kg−1) and 5 (285.9 mg kg−1), respectively. Our findings indicated
that transforming rice straw into biochar before soil application strongly re-
duces the decomposition and subsequently reduces CH4 and CO2 emissions
from paddy soil. Furthermore, rice straw and biochar showed contrasting ef-
fects on NO−

3 and NH+
4 availability that should be considered in fertilisation

management.

Keywords: Methane emission, nitrogen, respiration, rice straw, rice straw-
derived biochar, submerged soil
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Participatory soil mapping in Benin, supported by gamma ray
measurement

CHIKE MADUEKE1, MOUINOU A. IGUE2, LUDGER HERRMANN1
1University of Hohenheim, Soil Chemistry and Pedology, Germany
2National Institute of Agricultural Research of Benin, Benin

Developing land evaluation and decision support tools relies on sound data
about the environment, including soils. In particular, if future options for
land use at village level need to be decided, a participatory approach that
is based on local terminology may be essential to bridge the language divide
between farmers and researchers, and ensure effective communication. How-
ever, the level of local populations’ soil knowledge is quite variable and de-
pends to a large extent on the settlement history. Therefore, it is more secure
to base a soil map not only on local knowledge, but also on additional ob-
servation or measurements. Gamma ray spectrometry has been shown to be
a good and easily applicable tool for the collection of soil information using
proximal sensing. In this case study in the village of Boukoussera basement
region, close to Parakou, Benin, gamma ray measurements were conducted
in order to verify the indigenous soil map that had initially been produced
by local expert interviews. The sequence of working steps for the map es-
tablishment was as follows: 1. Indigenous soil mapping based on satellite
images interpreted by local experts. 2. Soil profile description within the key
units and reference gamma ray measurements. 3. Measurement of gamma
ray properties in the village territory in a multiple zigzag pattern, assisted
by soil augering. 4. Cluster analysis of gamma/augering data. 5. Adjust-
ment of indigenous soil map based on the cluster results. 6. Verification of
the map on the ground with local experts. 7. Final elaboration of the map
based on GIS technology. The results show that the local soil types included
Jaaleri, Baaduni, Taaduni and Loope. However, the gamma measurements
indicated that there could be two different types of Loope, which are poten-
tially differentiated by their inherent clay content. Site assessment and soil
augering enabled the differentiation of Jaaleri into deep Jaaleri and shallow
Jaaleri (around rock outcrops). Using cluster analysis, the indigenous soil
map was readjusted into 7 units. These will be assessed further to produce
the final soil map.

Keywords: Boukoussera, conventional soil mapping, gamma spectroscopy,
indigenous soil mapping, participatory mapping, proximal sensing
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Prospects and limitations of farmers’ knowledge and
portable sensor equipment in soil salinity assessment and

monitoring: A case study from Mozambique
JAKOB HERRMANN1, JÚLIO LUCAS MUIUMBO2, ALBERTO LUIS3, SEBASTIÃO FAMBA4,

MATIAS SIUEIA JÚNIOR5
1Weltweit – Association for the Promotion of Local Initiatives e.V., Germany
2University Eduardo Mondlane, Fac. of Arts and Social Sciences, Mozambique
3ABIODES - Assoc. for Sustainable Development, Program for Agriculture and Food
Security, Mozambique

4University Eduardo Mondlane, Fac. of Agron. and Forestry Engineering, Mozambique
5Municipal Council Maputo, Dept. for Agriculture and Extension, Mozambique

Salinisation of agricultural soil resources is an ever-increasing problem for global sus-
tainable food production. Smallholder farmers and extension services in affected re-
gions of the Global South often lack the necessary infrastructure and financial re-
sources to conduct comprehensive and timely salinity assessments. In these contexts,
local knowledge systems on soil andwater quality parameters prevail. In recent years,
robust portable devices such as pH and electrical conductivity (EC) probes have be-
come increasingly accessible and provide an interesting complementary tool. In order
to evaluate the accuracy and validity of these alternative approaches, we conducted
participatory mapping activities together with farmers of Maputo’s vegetable produc-
tion areas, in southern Mozambique. Farmers’ salinity assessments were compared
with probe-based readings in soil and water (pH, EC, activity), as well as with lo-
cal standard laboratory soil analysis. Local farmers’ salinity zonation compared well
with soil and water measurements in a mapping exercise implemented in 2018, as ex-
amined by ANOVA and Fisher’s LSD test. However, the same approach showed no
alignment when conducted in a neighbouring location in 2022. This was explained by
the occurrence of different constraining soil characteristics, misinterpreted by farmers
as salinity. Amongst the probe-based salinity readings, activity correlated strongest
with EC as determined in the laboratory (Spearman r = 0.784). Respective linear re-
gression equations were established, considering different soil texture classes. We
conclude that local farmers’ evaluation may serve as a tentative proxy indicator for
salinity assessment and should guide sampling approaches with the objective to re-
duce time and costs. However, it should be always complemented by either probe-
or laboratory-based evaluations in order to more accurately characterise the salinity
problem and rule out the confounding influence of possible other constraining soil
parameters. For the accurate use of soil probes it is imperative to establish standard-
ised locally adapted procedures for data collection, as well as conversion factors to
standard parameters such as EC, inter alia considering the effects of soil texture.
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Performance of Poaceae cultivated in soil degraded by
chromite mining in Hidrolândia, Brazil
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Phytoremediation is a bioremediation technique that consists of the direct use
of plants for the transfer or stabilisation of all potentially toxic metals in pol-
luted soils. Bioenergy is a sustainable energy source option, however, it is
often criticised for indirect changes in land use, due to lack of high quality
agricultural land and competing with food production. At the same time,
contaminated areas remain unused. The present study aims to provide a sus-
tainable solution to both problems, facilitating the decontamination of land
through phytoremediation with the cultivation of plants of the Poaceae family
for energy production. The objective of this work was to evaluate the energy
productivity of plants of the Poaceae family used in the phytoremediation of
a soil degraded by chromite mining in Hidrolândia, Goiás, Brazil. The ex-
periment was carried out in a greenhouse at the School of Agronomy at the
Federal University of Goiás, Goiânia, with a dystrophic Red Latosol with a
clayey texture degraded by Cr exploitation. The experimental design was
in randomised blocks, with 5 treatments and 4 replications. The treatments
were composed of: sugar cane, energy cane, elephant grass, capiaçu grass
and spontaneous plants. The plants were cut after 6 months of cultivation
for elephant and capiaçu grasses, with the sum of two cuts being performed,
for sugar and energy canes the cut was made after 12 months. Productiv-
ity in terms of dry biomass and energy potential were determined. The data
were subjected to analysis of variance and when differences were found, the
Tukey test was applied, both at 5% error probability. Plants from the Poaceae
family, energy cane, sugar cane, elephant grass and capiaçu grass have good
growth and development, with good biomass production in an Oxisol with
high levels of Cr and Ni, being plants with potential for phytoremediation of
metal-contaminated soils.
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Improvement in zinc biofortification of wheat to combat zinc
malnutrition and food security issues in semi-arid regions of

Pakistan
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Zinc biofortification of wheat (Triticum aestivum L.) is a promising approach for ad-
dressing malnutrition and improving food security. Zinc is an essential micronutrient
for human health, and its deficiency is a significant public health concern, particu-
larly in developing countries. Wheat is a staple food for over 1 billion people world-
wide, and biofortifying it with zinc could significantly improve the nutritional status
of vulnerable populations. Research has shown that zinc biofortification of wheat can
significantly increase the zinc concentration in the grain, leading to improved nutri-
tional status in humans who consume wheat. Zinc biofortification can also increase
crop yields, particularly in zinc-deficient soils, which can contribute to improving food
security. The most logical strategy to improve Zn biofortification and agricultural pro-
ductivity is to combine plant breeding with agronomic biofortification. However, its
efficiency in semi-arid sub-tropical regions is not much explored. Thus, the primary
purpose of this study was to assess the response of wheat genotypes to foliar applica-
tion of zinc sulphate in terms of yield, grain, straw zinc content, and Zn bioavailabil-
ity. Thirteen distinct wheat genotypes factorially combined with three zinc sulphate
treatments (0, 0.4%, and 0.6%) were evaluated over the course of a two-year field ex-
periment. Zinc sulphate and genotypes significantly (𝑝 < 0.05) influenced grain and
biological yield, grain and straw Zn levels, and grain Zn bioavailability, and their in-
teraction was also significant. Different genotypes exhibited a modest to strong corre-
lation between grain zinc concentration and grain yield and grain zinc bioavailability,
as determined by regression analysis. In crux, foliar Zn application boosted grain Zn
biofortification and yield of wheat genotypes. Based on yield enhancement and grain
zinc biofortification, the genotypes Akbar-19, Ujala, and Zincol can be recommended
for increasing grain zinc content and bioavailability in semi-arid regions of Pakistan.
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Urochloa and biofortified maize rotation improve zinc
uptake: A promising strategy to fostering human health

MADYAN VANESSA PRADO-MURCIA, DANIEL MAURICIO VILLEGAS, MIKE BASTIDAS,
JOSÉ LUIS URREA-BENÍTEZ, JACOBO ARANGO

International Center for Tropical Agriculture (CIAT), Colombia

Biofortification of crops is a promising strategy for addressing micronutrient
deficiencies in populations with limited access to diverse diets. Zinc is a crit-
ical trace element for human health, and therefore, more equitable food sys-
tems. Zinc deficiency in soil can affect plant growth and yield. The capacity of
Urochloa grasses to biologically inhibit nitrification (BNI) and fix nitrogen in
the soil, has been shown to improve soil health and crop productivity. In this
study, we evaluated the effect of Urochloa grasses subsequently cultivated
with maize on the zinc concentration in the grain. We conducted a two-year
experiment in 20×20m plots with nine Urochloa genotypes and a bare soil
control, followed by four consecutive cycles of biofortifiedmaize (SGBIOH2).
Our results showed an average increase of 9.32mg/kg of zinc in maize grain
compared to the content observed in the control. The genotypes U. humidi-
cola Uh 72 and Urochloa brizantha cv. Marandu showed the highest zinc con-
centrations during the planting cycles, at 37.29mg/kg and 36.18mg/kg, respec-
tively, compared to the average of 25.83mg/kg in the control treatment. Maize
rotation as a subsequent crop of Urochloa grasses had a highly positive effect
on zinc concentrations in the grain, enhancing its biofortifying properties. In
the soil analysis, high levels of phosphorus were reported, which is inversely
related to soil zinc content. Phosphorus is an essential element to produce
ATP, the molecule that gives energy to the nitrifying bacteria that carry out
nitrification. This may decrease the solubility and mobility of zinc, which in
turn affects the nutritional quality of the plants. Brachialactone, an organic
compound present in the roots of Urochloa grass, plays an important role in
this interaction as it has been scientifically demonstrated that has the poten-
tial to inhibit soil microbial activity responsible for nitrification processes. By
inhibiting nitrification thanks to the BNI potential of pastures and the root
system of a biofortified crop, it is possible to extract and mobilise more zinc
from the soil through the roots and plant tissues. Therefore, rotation with
Urochloa grasses can be an effective approach to improve the nutritional qual-
ity of maize.
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A roadmap towards the development of Zn-biofortified rice
for Madagascar
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One-third of the human population consumes insufficient quantities of zinc (Zn) to
sustain a healthy life. Increasing Zn concentrations in edible parts of food crops, an
approach termed Zn-biofortification, is one cost-effective option to address this prob-
lem. Especially infants in countries like Madagascar are at risk of Zn deficiency be-
cause their dominant food source, rice, contains insufficient Zn. Breeding biofortified
rice varieties with increased grain Zn concentrations would offer a solution and our
objective is to explore the genotypic variation present among rice gene bank accessions
compared to Zn-biofortified breeding lines and local varieties. A second objective was
to investigate to what extent genotype, environment and their interactions contribute
to variation in grain Zn concentrations.
Multi-environment trials conducted over four seasons inMadagascar revealed that lo-
cal varieties had very low grain Zn concentrations in the range of 18–20 ppmZn, which
is far below the breeding target of 30 ppmZn. Imported Zn-biofortified breeding lines
reached 25–30 ppm Zn but lacked adaptation to local conditions and therefore do not
offer a short-term solution. In gene-bank accessions grain Zn concentrations up to 40
ppm were detected, especially in accessions belonging to the aus subspecies of rice
native to the Indian subcontinent. Across sites and seasons variation in grain Zn was
attributed to 76–78% by genotype (G) effects with much smaller contributions by the
environment (E) and genotype by environment interactions (GEI). This rather high
stability of grain Zn differences across sites and years contrasted with dominant E and
GEI contributions to grain yield.
This has positive implications for Zn-biofortification breeding. Selection for Zn could
be centralised at very few sites in earlier generations whereas selection for grain yield
and general adaptation would have to rely on multi-environment testing in later gen-
erations. High-Zn gene-bank accessions and breeding lines identified here represent
suitable donors and have been crossed to locally preferred varieties in an effort to de-
velop healthier rice varieties that can alleviate Zn malnutrition in Madagascar and
other countries relying predominantly on rice in daily diets.

Keywords: Genomic prediction, grain Zn concentrations, hidden hunger, rice breed-
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Sustainable nutrient management: Exploring transformation
pathways across intervention levels
FRIEDERIKE SELENSKY, QIRUI LI, ANDREA KNIERIM

University of Hohenheim, Dept. of Communication and Advisory Services in Rural
Areas, Germany

Today’s agricultural systems largely depend on finite nutrient resources
N, P) that support food security but also pose a risk for mismanagement,
which can lead to the eutrophication of ecosystems through leaching. In both
cases, prudent management, recycling, and alternative sources of nutrients
are inevitable, which calls for an urgent systems transformation. The posi-
tive influence of a wide range of agricultural practices for sustainable nutri-
ent management has been demonstrated in many studies. However, stud-
ies on identifying efficient practices and assessing their environmental and
socio-economic impacts remain often limited to one of the farm, landscape or
food system intervention levels. For a systematic and comprehensive analysis
of transformation pathways across levels, this study first identified publica-
tions related to nutrient management in intensive farming with a connection
to transformative potential based on literature. It is followed by an analy-
sis of barriers and benefiting actions concerning the transformation process,
the key actors and factors delivering transformative changes across the farm,
community, district/region, nation, and value chain levels. Finally, connec-
tions are drawn between these levels to explore potential transformation path-
ways through aspects such as involved actors and their interaction, rapidity of
transformation, political feasibility, and social acceptance. The study’s find-
ings support the identification of common patterns and general rules or cen-
tral determinants for un-/successful performance along the levels of trans-
formation pathways in agrifood systems. Furthermore, it may provide an
overview of the potential up- and out-scaling of sustainable nutrient man-
agement from different intervention levels. By drawing connections between
intervention levels for selected criteria, this study contributes to the greater
understanding of upscaling sustainable nutrient management and fostering
its transformation. This understanding is crucial for addressing global chal-
lenges like food security and environmental drawbacks from misusing nutri-
ents and promoting sustainable nutrient management as a viable option for
addressing them.
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Synergistic effects of localised application of organic and
phosphorus fertiliser on rice growth and yield in P-deficient

upland soils of Madagascar
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Rice is a crucial crop for Madagascar’s agriculture, but upland rice farmers face chal-
lenges due to limited access to fertilisers and weathered soils that bind plant-available
forms of phosphate. Effective fertiliser management is necessary to increase rice pro-
duction. Low-cost strategies like P micro-dosing show promise for sustainable inten-
sification, but they are underused due to a lack of awareness and technical capacity.
Uncertain soil moisture conditions due to climate change can harm early rice growth
through localised P application. Combining and localised application of farmyard
manure (FYM)/vermicompost (VC) and P fertiliser can mitigate the risk of chemical
injury to seedlings, and increase grain yield, making it a more effective solution.
In a pot trial, both individual treatments and a combination of FYM/VC at 0.8 t ha−1

and P fertiliser at 5 kg and 10 kg P ha−1 applied in the planting hole had a positive
impact on early rice growth under consistent and adequate soil moisture conditions.
However, when a farmer’s field trial was conducted to evaluate the same treatments
on shoot biomass and grain yield, applying P locally had a negative effect on the
seedlings’ initial growth. This was attributed to low soil moisture levels that caused
chemical damage to the rice seedlings. However, when localised FYM/VC was used,
no negative effects were observed, and shoot biomass increased. When FYM/VC and
P were combined, FYM/VC helped to reduce the chemical injury caused by the P fer-
tiliser. This combination further improved early rice growth, even under field condi-
tions with high fluctuations in soil moisture.
At harvest, the response of grain yield to localised P application depended on the P
rate. A high P rate (10 kg ha−1) increased grain yield by 7%, while a P rate of 5 kg
ha−1 did not show any difference. Grain yield increased by 24% with localised appli-
cation of FYM/VC than the control. There was no interaction between organic and P
fertiliser, and their combined application additively increased grain yield by 51–82%
than the control. In conclusion, utilising local organic resources along with localised
P micro-dosing promotes sustainable upland rice production in P-deficient soils of
Madagascar.
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Organic waste management: The case of açaí pits as nutrient
substrate to plant production in the Brazilian Amazon
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Federal Rural University of the Amazon, Brazil

Açaí (Euterpe oleracea) is the main source of livelihood for over 1300 small-
holders in State of Pará, in the Brazilian Amazon. Açaí is a tropical fruit
composed of a fine pulp membrane, and the rest is a strong pit disposed af-
ter processing, which generates significant amounts of unmanaged organic
waste in the State. This research aims to study use of disposed Açaí pits as
a potential low-cost, sustainable and nutritious substrate to the cultivation of
vegetables in the Amazon. A pot experiment was designed using Açaí pits in
three distinct conditions: in natura, fermented, and carbonized andmilled, to
evaluate the morphological development of onions (Allium cepa) in terms of
root, leaf, and stalk growth, and time for the development of new leaves. The
experiment was carried out in the metropolitan region of Belém in the State
of Pará fromMarch to June 2021with controlled physical and chemical condi-
tions. Every treatment had 5 pots with three repetitions. The treatment con-
trol pots had solely “terra preta”, while other treatments had a combination
of “terra preta” with respective conditions of Açaí pits. Leaves initially grew
on average 18 days after the experiment set up. Estimation results show that
both treatments with Açaí pits in natura and fermented did not provide pos-
itive significant influences to onion morphological development. This might
be explained by the high level of fiber in Açaí pits, acting as water retainers
and, consequently, having a negative influence in plants development. Con-
versely, the treatment with carbonized milled Açaí pits showed significant
positive effects in onion leaf, root, and stalk growth. Carbonized Açaí pits
might represent a positive potential for pH neutralisation in Amazonian soils,
for increasing nutrient availability. This work is an initial attempt to further
design appropriate management for organic waste while offering sustainable
opportunities to vegetable production in the Amazon.
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Yield and drought resistance of maize within Gliricidia
sepium and pigeonpea intercropping systems

ANTHONY KIMARO1, JOHANNES MICHAEL HAFNER2
1World Agroforestry (ICRAF), Tanzania Country Programme, Tanzania
2Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SusLAND), Germany

Crop diversification through intercropping can enhance agroecosystem resilience to
low and sporadic precipitations typical in semiarid areas. We tested whether inter-
cropping maize with Gliciridia sepium and/or pigeonpea improves productivity and
drought resistance of maize. A split-split-plot experiment was adopted to test the ef-
fects of intercropping (maize monoculture, sole pigeonpea, maize-Gliricidia, maize-
pigeonpea and maize-pigeonpea-Gliricidia), fertilisers (with and without) and rain-
fall (ambient and drought). Drought was induced using above-canopy rainout shel-
ters which intercepted 50% of the ambient rainfall.
Drought reduced gravimetric soil moisture in 2019 by 12.5% without creating ar-
tificial growing conditions under shelters. Intercropping with G. sepium (2.9 t ha-1)
and/or pigeonpea (2.5 t ha-1) in 2020 did not significantly affect grain yield compared
to maize monoculture (2.8 t ha-1), suggesting that farmers can diversify their fields
without compromising crop yields. The cropping systems by fertiliser effects on rain-
water use efficiency by maize was significantly higher in 2020 and the effect was the
highest when both G. sepium and pigeonpea were intercropped. Maize grain yield
changes due to induced drought (resistance) was affected by the interactions of fer-
tiliser and cropping systems in 2019 (p< 0,05), but no significant effects were noted in
2020. In both seasons, maize yield change was the highest (low drought resistance) in
cropping system with fertiliser, suggesting that fertilisation reduced maize drought
resistance. Also, nonsignificant effects on drought resistance in 2020 would reflect
improved moisture conditions under the rainout shelters as precipitation in sheltered
conditions (554 mm) was within the optimum range for semiarid zone. Pigeonpea
yield change due to drought was not significantly affected by cropping seasons and
fertiliser in both seasons. Intercropping improved resource use efficiency to increase
maize yields and the appropriate selection of a drought resistant component, like pi-
geonpea, enhanced maize drought resistance across cropping seasons. In addition
to the positive impact on drought resistance and resource efficiency, G. sepium pro-
vides a sustainable (regrowing) source of fuelwood. If the suggest intercropping sys-
tems are used in areas with high household dependency on fuelwood from off-farm
sites, on-farm fuelwood from G. sepium can potentially offset this demand making the
household fuelwood self-sufficient.
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Effect of salinity on nutrient uptake and growth of two
genotypes of Solanum lycopersicum and Cucumis sativus

under contrasting VPD levels
HEMANTH KUMAR PUPPALA, FOLKARD ASCH, JÖRN GERMER

University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

Plants react sensitively when a certain threshold value of dissolved mineral salts in
water or soil is exceeded. The resulting salt stress is one of the most severe causes
limiting agricultural productivity. Therefore, research on salt tolerance and salt stress
mitigation strategies is crucial.
In this study, the response of each two varieties of Solanum lycopersicum (cv’s Saluoso,
Sweeterno) andCucumis sativus (cv’s Addison, Proloog) to high (2.8 kPa) and low (1.7
kPa) vapour pressure deficit (VPD) at different NaCl concentrations (0, 15, 30 and 60
mM) in hydroponic solutions was investigated. Total dry weight, leaf area, nutrients
(NH+

4 , NO3, and PO4
3-) uptake, evapotranspiration, plant height, leaf count, and stem

diameter were recorded. Plants were partitioned into leaf, stem (upper, middle, and
lower), and root to analyse the nutrient distribution (Na+, Cl−, andK+). Though stud-
ies have examined the effect of salinity and humidity, our research is unique because
of the analysis of the distribution of nutrients within the plant. This could provide a
better understanding of the tolerant strategies of tomato salinity. At 15 and 30 mM
root zone salinity, neither the total dry weight nor the leaf area of any variety was af-
fected. At 60 mM, the dry weight and leaf area of cucumber were reduced by 88% and
94%, respectively, and of tomato by 55% and 61%, respectively. VPD did not affect
the plant growth and nutrient uptake but in general biomass production, cv Saluoso
performed better than cv Sweeterno and cv Proloog performed better than cvAddison
with increasing NaCl concentrations. However, this difference was not significant. As
with biomass production, the daily nutrient uptake was only affected at salinity levels
above 60 mM root zone salinity.
With these initial results, we expect a salinity threshold between 30 and 60 mM for
all plants considered. Further, we conclude that genotype selection is an easier entry
point to mitigate salinity stress than VPD control for the studied species. The pre-
sentation reports on the distribution of nutrients within the plants which is currently
still being analysed. Finally, we suggest methodological improvements and outline
knowledge gaps and research needs.
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Effect of salt stress on transpiration of some sweet potato
genotypes
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Regulating transpiration rate under salinity is considered a salt resistant trait in some
plants. Little is known about this trait in sweet potato and if plant age may affect this
trait. In order to elucidate the relationship between transpiration, plant age when the
stress occurs and level of salinity, four contrasting sweet potato (Ipomoea batatas L.)
genotypes, CIP 189151.8, CIP 188002.1, CIP 106082.1 and CIP 420001 were grown hy-
droponically in a greenhouse at the University of Hohenheim, Germany. Salt stress
(100 mM NaCl) was applied 16, 17, 18, 19, and 20 days after planting. Recording of
transpiration data began after seven days of salt stress (22 days) and continued up to
28 days based on 0.5, 1.5, 2.5, and 3.0 kPa vapour pressure deficit (VPD). Dry matter,
Na, K, and Cl content were analysed for each individual plant. The ranges of mean
transpiration rate across VPDs varied from 0.69 to 2.68 mmolm−2 s−1 under control
and 0.72 to 2.85 mmolm−2 s−1 under salt stress. Transpiration rate increased linearly
significantly with increasing VPD without a clear salt effect in all sweet potato geno-
types. Mostly, young, salt-stressed plants showed higher transpiration rates compared
to the older stressed plants except CIP 420001. Although transpiration rates did not
differ significantly among genotypes, sodium (Na) increased sharply in CIP 189151.8
(very high), CIP 106082.1 (very high), and CIP 420001 (slightly increased), consistent
with their older age, while an opposite result was observed in CIP 188002.1. The geno-
type CIP 188002.1 showed similar transpiration rates with different Na accumulation.
In addition, more K was found in the older plants of CIP 188002.1 with higher dry
matter. The results indicate that Na uptake in sweet potato is not controlled by tran-
spiration. We conclude that the transpiration rate of sweet potato under salinity is not
indicative of salt tolerance mechanisms or Na uptake, but is based on the genotypic
potential at which more K and less Na can be obtained. It is therefore suggested that
further studies on Na and K uptake, distribution patterns (organ-wise), and the role
of Na and K transporter channels in sweet potato plants are needed.
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Salt tolerance and molecular genetic diversity analysis in
chickpea (Cicer arietinum L.) from Ethiopia
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Salinity is one of themajor abiotic stresses reducing chickpea growth and pro-
ductivity. Genetic improvement for salt tolerance requires knowledge of ge-
netic diversity in available germplasm. However, there is limited information
on the extent of genetic variation for salt tolerance among Ethiopian chick-
peas. This study was carried out to determine the extent of variability for salt
tolerance and molecular genetic diversity of Ethiopian chickpeas. In a hy-
droponic experiment, 87 chickpea genotypes, which included 69 accessions
and 18 released varieties were screened for salt tolerance. Further, the acces-
sions were grouped into five populations namely; North Shewa, North-West
Amhara, East Gojam, West Gojam and East Shewa. Plants were cultivated
for 15 days in a saline solution containing 100 mM NaCl. Non-treated plants
served as control. Data were collected on shoot and root growth parameters.
The total drymatter percent reductionwas used to classify the level of salinity
tolerance of each accession. A significant phenotypic variation was marked
and accessions Minjar, 207656, 41119, and 41164 were identified to be salt tol-
erant. A molecular genetic diversity study was conducted on 87 genotypes
along with an additional 20 wild types using eight inter-simple sequence re-
peat markers. A high level (>95%) of polymorphism has been obtained. East
Shewa population had the highest genetic diversity (H= 0.33, I = 0.48), while
North Shewa obtained the lowest diversity (H = 0.27, I = 0.41). High genetic
diversity was found in salt-tolerant chickpea accessions from the North-west
Amhara (H = 0.30, I = 0.44) and East Shewa populations (H = 0.30, I = 0.43).
It suggests that using parental materials from those populations could be ef-
fective to improve the salt tolerance of chickpeas. Furthermore, wild types
exhibited a higher genetic distance from all populations (>0.06). As a result,
wild chickpeas could be exploited to improve salt tolerance in cultivated geno-
types. The genetic variation for salt tolerance, as well as themolecular genetic
diversity found among the chickpea accessions, will aid in the development
of chickpea breeding and conservation strategies in Ethiopia.
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The effect of vapour pressure deficit on genotypic nutrient
uptake and biomass production of hydroponically grown

tomato
THERESA DETERING, JÖRN GERMER, FOLKARD ASCH

University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

Controlled environment farming that reduces the risks of pests, diseases and
climate shocks based on hydroponics, a method of growing plants without
soil, is becoming increasingly important in resource-efficient crop produc-
tion. Hydroponic plant production potentially draws on amultitude of water
sources including treated municipal wastewater as basis for nutrient solu-
tions. However, reconciling the required nutrient solution quality with con-
sistently high yields still presents a major challenge, since crop varieties may
vary in their nutrient uptake dynamics as a function of water quality and en-
vironmental conditions. In order to assess the potential of wastewater in a
water and nutrient management strategy, the chemical composition of the
water needs to be known and the phenologically nutrient requirements of the
crop under varying environments need to be understood. In a greenhouse
experiment in humidity-controlled growth chambers at the University of Ho-
henheim, we investigated the dynamics of nutrient uptake, plant growth, and
plant morphology of four tomato varieties (cv’s Moneymaker, Reddery, Salu-
oso, and Sweeterno) grown at different vapour pressure deficits (VPD) in
low concentration nutrient solution. The nitrogen concentration in the nu-
trient solution was kept at a level as expected in anaerobically-aerobically
treated wastewater. At high VPD, cv “Saluoso” took up from the nutrient
solution about 43% more total nitrogen than “Reddery”. This varietal differ-
ence increased to 64% under low VPD. These situational responses indicate
that choice of variety, adequate setting of atmospheric conditions and any
combination thereof constitute important aspects for optimising nutrient up-
take, plant growth, and ultimately yield for growing tomatoes hydroponically
in controlled environment farming systems.

Keywords: Controlled farming, hydroponics, nutrient uptake, tomato, vapour
pressure deficit, varietal difference
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Understanding the genetic and physiological basis of arsenic
responses and exclusion in rice (Oryza sativa L.)
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Arsenic(As) is a toxic metalloid ubiquitously present in the environment that threat-
ens the major rice-growing regions in the world. However, rapid industrialisation and
excessive use of arsenic-rich groundwater further fuel the increased As concentration
in the agricultural topsoil. Contamination of paddy soils with As cause phytotoxicity
in rice which enters the food chain, posing a risk to human health. Arsenic contam-
ination in rice is well documented, but its interaction and accumulation in rice are
poorly understood. So far, no candidate genes or QTLs associated with As interaction
is utilised in breeding programmes to develop low-arsenic accumulating rice varieties.
Therefore, this project strives to characterise loci and genes involved in As exclusion
in rice by a series of experiments that include extensive screening, genome-wide as-
sociation study, development of bi-parental populations, fine mapping of genes and
loci, and analysis of candidate genes and physiological mechanisms underlying As
exclusion which helps in potential exploitation of alleles for breeding rice varieties
with better nutritional quality. The uptake and accumulation of As in rice depend on
the different As species in the soil. Plants detoxify As by conjugating and sequestering
xenobiotic compounds into vacuoles using various enzymes; glutathione S-transferase
enzymes are one. In one of our studies, we investigated the effects of chronic or acute
exposure to arsenite [As(III)] and arsenate [As(V)] on rice plants at the vegetative
growth stage using the overexpression lines of glutathione S-transferase gene (Os-
GSTU40). As(III) was more detrimental to plant growth than As(V) in plant growth,
biomass, and lipid peroxidation in chronic and acute exposure. Overexpression of Os-
GSTU40 led to better plant growth even though uptake of As(V), but not As(III), into
shoots was enhanced in transgenic plants. In acute As(III) stress, transgenic plants
exhibited a lower level of lipid peroxidation than wild-type plants. The element com-
position of plants was dominated by the different As stress treatments rather than by
the genotype, while the As concentration was negatively correlated with phosphorus
and silicon. Overall, our findings suggest that As(III) is more toxic to plants than
As(V) and that OsGSTU40 differentially affects plant reactions and tolerance to dif-
ferent species of arsenic.
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Hyperspectral estimation of pigments composition in wheat
canopy layers under heat and drought field conditions
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Wheat productivity is challenged by increases in air temperature and water deficit.
Photoprotective leaf pigments play a significant role in preventing the negative im-
pacts of these stresses. Reflectance indices have the potential to rapidly and non-
destructively estimate leaf pigment composition allowing characterisation of heat and
drought resilient wheat. A total of nine elite wheat genotypes developed by CIMMYT
showing different resilience to drought and heat stress were grown in the field in Cd.
Obregón, Mexico during the 2021/2022 growing season. The genotypes were evalu-
ated under three different treatments, water deficit (WD), well-watered (WW) and
heat stress (HS). The WD treatment was irrigated only twice during the growing sea-
son, whereas theWW treatment was irrigated throughout at regular intervals. TheHS
was achieved by adjusting the sowing date from December (used for WW and WD)
to late February. Spectral reflectance for Anthocyanin Ratio Index (ARI), Photochem-
ical Reflectance Index (PRI), Pigment specific simple ratio of chlorophyll a (PSSRa),
Pigment specific simple ratio of chlorophyll b (PSSRb) and Pigment specific simple
ratio of carotenoids (PSSRc) were used to estimate leaf pigment composition at the
initiation of booting. The results showed a significant increase in the indices related to
ARI in the flag leaves under HS and WD compared to WW. Lower PRI were observed
in HS and WD in most leaves measured, while leaves from WW showed higher val-
ues, suggesting a higher de-epoxidation state of the xanthophyll cycle under stress-
ful environments. PSSRc, PSSRb and PSSRa also decreased in the flag leaves in HS
and WD. These results showed that reflectance indices associated to photoprotective
mechanisms (ARI and PRI) were activated by HS and WD. However, HS and WD
decreased reflectance indices associated to Chlorophylls and carotenoids, suggesting
stress induced pigment degradation. The highest impact of HS andWDwas observed
in the flag compared to older leaves, which indicates that the light environment plays
a modulating role on stress response of pigment composition in wheat.

Keywords: Leaf pigments, photochemical reflectance index (PRI), spectral reflectance
indices (SRI), xanthophyll cycle pigments
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Nutritious food from salty ground: the development of an
early-detection-screening-tool for salinity tolerant
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In 30 years, about half of all arable land will be affected by salinity. High-input agri-
cultural production systems are contributing to soil salinisation through excessive fer-
tiliser use and poor irrigation management. A typical symptom of the crop produc-
tion paradigm of maximising yields while degrading the environment. An adaptive
approach to food production in degraded landscapes is growing salinity tolerant va-
rieties that yield nutritious food under challenging conditions. Field-based screening
tools are a promising instrument for the detection of salinity tolerant varieties at early
growth stages, especially the combination of yield-based tolerance evaluation with
non-destructive growth indices. Sweet potato is considered a resilient and nutritious
crop. It is a reliable staple food in many tropical countries and has high potential for
the productive use of saline land due to its ability to adapt to various agro-ecological
conditions. Salt stress is known to reduce yield and suppress health-promoting com-
pounds of some varieties, while others are considered salinity tolerant. Little is known
about traits suitable for effective screening of salinity tolerance across the vast num-
ber of available sweet potato varieties and to date no field-based screening tool has
been developed. We suggest that such a tool is needed to explore salinity tolerant
and productive candidates among diverse sweetpotato clones and detect global toler-
ance indices. Ultimately, it may lead to timely dissemination of invaluable informa-
tion for adapted crop production. The advantage of developing a screening tool for
salinity tolerance under field conditions is that yield and yield components can be de-
termined during the trial as the agronomically relevant tolerance indicators while the
resulting screening tool can recognise a large number of salinity tolerant varieties un-
der dynamic salinity at earlier growth stages. This is possible when simultaneously to
the yield components, phenology and source-sink structures are recorded. Our study
tested the performance of 30 sweet potato varieties under saline drip irrigation at the
CIP research station inMaputo, Mozambique. The field trial was run from transplant-
ing to tuberous root development, laid out in a randomised block design with three
replicates.
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Effects of soil water deficit and air humidity on reflectance
indices and biomass in spring wheat

GECKEM DAMBO, ALEJANDRO PIETERS, FOLKARD ASCH
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Institute), Germany

Wheat productivity is challenged by increasingly frequent periods of soil wa-
ter deficit. As a consequence of global warming, air humidity is also decreas-
ing, which stimulates further water losses through evapo-transpiration. Iden-
tification and physiological characterisation of wheat germplasm resilient to
both soil- and air-borne water deficit is crucial to improve yield stability un-
der increasingly adverse growing conditions. Plants of 5 spring wheat geno-
types selected from the Best Physiological Traits panel developed by CIM-
MYT, were cultivated in the greenhouse at the University of Hohenheim dur-
ing November-December 2022 and February- March 2023 for 6 weeks, under
twodifferent air relative humidity (average daily relative humidity 78.6% and
36%). Average air temperature was 31.5 OC/ 25.1 OC, (day/night). Photo-
synthetic photon flux density at the top of the canopy was 600 𝜇molm−2 s−1

kept for 14 hours a day. When 5-week-old, watering was withheld for 7 days
to half of the plants, after which the flag and third leaf from top were mea-
sured for photochemical reflectance index (PRI) which is associated to de-
epoxidation of the xanthophyll cycle, and SPAD as a surrogate of chlorophyll
concentration. Plants were also harvested to determine dry weight and leaf
area per plant. Leaf area and total plant biomass were decreased by both,
soil- and air-borne water deficit. Moreover, genotypes responded differently
to the stress as the genotype by stress (soil- and air-water deficit) were signif-
icant. SPAD values were decreased by air humidity in the flag leaf whereas
the third leaf it was only affected by soil water deficit and the interaction be-
tween genotype and soil and/or air water deficit was not significant. The PRI
of the flag leaf was not affected by either soil water deficit or air humidity, this
could be due to the relatively low light intensity achieved in the greenhouse.
However, genotypes did showed differences in PRI. We found no association
of the spectral reflectance indices and the biomass

Keywords: Air humidity, photochemical reflectance index (PRI), soil mois-
ture, xanthophyll cycle
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Unlocking the resilience of yacon (Smallanthus sonchifolius):
A systematic review

OKAFOR UCHE CYPRIAN1, IVA VIEHMANNOVA1, HNILICKA FRANSITEK2,
VITAMVAS PAVEL3

1Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of Crop
Sciences and Agroforestry, Czech Republic

2Czech University of Life Sciences Prague, Fac. of Agrobiology, Food and Natural
Resources, Dept. of Botany and Plant Physiology, Czech Republic

3Crop Research Institute, Division of Crop Genetics and Breeding, Plant Stress Biology
and Biotechnology, Czech Republic

Resilience to abiotic stress is essential for assuring sustainable agricultural practices
and food security. Yacon (Smallanthus sonchifolius), a perennial tuberous crop native
to the Andes, has garnered increasing attention due to its remarkable environmental
adaptability. This review seeks to provide a comprehensive analysis of the physiologi-
cal, morphological, and anatomical responses of yacon to abiotic stress to shed light on
its resilience mechanisms. Twenty-five relevant studies were included in this review
after a comprehensive search and selection process from Web of Science academic
journal repositories. The findings revealed that yacon possesses a variety of adaptive
mechanisms for coping with abiotic stresses such as drought, salinity, and tempera-
ture extremes. Yacon has efficient osmotic adjustment, antioxidant defence systems,
and stomatal regulation, allowing it to maintain cell homeostasis under adverse con-
ditions. Yacon exhibits enhanced root development, an increased root-to-shoot ratio,
and altered leaf morphology, all of which contribute to enhanced water absorption
and decreased transpiration rates. From an anatomical standpoint, yacon demon-
strates structural modifications, such as increased periderm thickness, suberisation
of cell walls, and the formation of aerenchyma, that enhances its resistance to abiotic
stress. In addition, physiological and morphological responses are tightly linked to
anatomical adaptations, allowing yacon to allocate resources efficiently and maintain
growth under adverse conditions. This review provides a thorough comprehension of
yacon’s resilience mechanisms, highlighting its potential as a stress-tolerant crop. The
findings highlight the need for additional research on the genetic and molecular as-
pects underlying yacon’s abiotic stress tolerance, which could aid in the development
of improved cultivars with increased resilience. Utilizing the adaptive characteristics
of yacon may ultimately contribute to the development of resilient agricultural sys-
tems in the face of growing abiotic stress challenges.
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Induction of water stress tolerance in soybean by
multifunctional micro-organisms
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Soybean is mostly cultivated in Brazil during the rainy season (October to
January), when usually occurs short periods without rain, imposing water
stress for the crop. Plant growth promoting rhizobacteria (PGPR) can help
mitigate these stresses by inducing water deficit tolerance. The objective of
this work was to evaluate the effect of PGPRs on soybean cultivated under
water stress. Two water stress inducing isolates (M 163 and BRM 034008),
two AIA producing isolates (Ab-V5 and BRM 063574) and two phosphate
solubilising isolates (BRM 063573 and BRM 67205), as well as their combina-
tion, were evaluated, totaling 16 treatments. The experiment was carried out
under greenhouse conditions in a randomised block design with four rep-
etitions. Water stress was applied at flowering for 15 days. Plant growth
(shoot dry mass - SDM, root length - RL, root surface area - RSA, root di-
ameter - RD and root volume - RV), gas exchange (internal CO2 concentra-
tion - Ci, transpiration - E, stomatal conductance - gs and photosynthetic rate
- A) and grain yield components (pod mass - PM, pod number - PN, num-
ber of grains - NG and grain mass - GG) were determined. The treatments
BRM 063574+BRM 67205+M 163, Ab-V5+BRM 67205+BRM 034008, Ab-V5,
BRM 063573 and BRM 034008 increased the growth of roots and shoots of the
soybean. The gas exchange parameters were benefited by BRM 063574+BRM
67205+BRM 034008, BRM 063574+BRM 063573+M 163, BRM 063574+BRM
063573+BRM 034008, Ab-V5+BRM 67205+BRM 034008, Ab-V5, and BRM
67205. On the other hand, the soybean yield components were improved
by BRM 063574+BRM 67205+M 163, BRM 063574+BRM 063573+M 163, Ab-
V5+BRM 67205+BRM 034008, Ab-V5, BRM 67205, and BRM 034008. Consid-
ering the response of the growth parameters, gas exchange, and grain produc-
tion, the co-inoculation treatments containing the isolates BRM 063574, BRM
67205, BRM 034008 and Ab-V5 provided greater soybean tolerance to water
stress. Thus, the agronomic efficiency of the isolates must be evaluated in
future field tests, aiming to guarantee better productive stability of soybeans
under conditions of water stress.
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pasture legumes
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The objective of this research was to analyse the phenotypic plasticity and the
variation in biomass accumulation, histological and ion accumulation charac-
ters under salt stress conditions in seven grass legumes during the establish-
ment phase under controlled glass house conditions. The effect of two salin-
ity levels (0.02 dS.m−1 and 10 dS.m−1) on the accumulation of area and root
biomass, histology, and the accumulation of nitrogen, sodium, and potassium
were evaluated. Phenotypic plasticity in response to salt stress was calculated
in the studied legumes. The characters related to biomass accumulation were
significantly affected by salt stress in all legumes studied. As for the histolog-
ical indicators evaluated, the behaviour showed that salt stress caused a de-
crease in the width and length of the stomata and an increase in stomatal fre-
quency and histological thickness. The study of the effect of salt stress on the
accumulation of ions shows a significant reduction in the content of nitrogen
and potassium and a significant increase in the content of sodium in all the
species studied. The species Sesbania rostrata, Centrosema pubescens, Macroptil-
ium lathyroides, Clitoria ternatea, and Canavalia ensiformis showed mean values
above 0.40 of phenotypic plasticity for characters related to biomass accumu-
lation. Macroptilium atropurpureum and Leucaena leucocephala, although they
present plasticity, were the species that showed the lowest values. The histo-
logical characters evaluated in the legumes studied showed very low values
of phenotypic plasticity, although with significant differences between them.
Phenotypic plasticity in grass legumes as an indicator of tolerance to salinity.
Salinity has a negative effect on the morphological, histological and ion accu-
mulation characters studied in grass legumes. S. rostrata, L. leucocephala, C. ter-
natea, C. pubescens, and C. ensiformis showed the highest phenotypic plasticity
index in the studied characters against salt stress. The dry matter characters
of the aerial part and the root and the accumulation of nitrogen turned out
to be the ones with the highest phenotypic plasticity Index in the presence of
saline stress.
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Could pigmented rice be an alternative variety for increased
nutritional security and mitigation of salinity stress?
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Black rice, known for its antioxidant properties, is grown by resource-poor farmers
in unfavourable conditions. Salinity stress is a significant problem for rice produc-
tion, but black rice’s antioxidant properties improve plant tolerance to stress. The hy-
pothesis is that black rice’s high antioxidant levels will help it adapt better to salinity
stress, maintain high yield, and improve grain nutrient parameters. In a pot experi-
ment, black rice (Asamurasaki) had a small yield reduction (12%) under moderate
salt stress (6 dS m−1) compared to white rice (Hitomebore) (20%). Under high salt
stress (12 dS m−1), black rice and white rice had a larger yield reduction of 58% and
64%, respectively. While high grain yield was maintained under salt stress, black rice
showed significant increases in grain flavonoid and phenolic content, with higher lev-
els of these antioxidants under higher salt stress. Black rice produced under salt stress
had a significantly reduced lightness L* value, which improved visual grain quality,
particularly due to the high levels of antioxidants in the grain under salt stress. Two-
year field trials using simulated frequent saltwater intrusion showed that the rate of
yield reduction in black and white rice was similar, ranging from 8.5% to 8.7% in
year 1 ( 3 dS m−1) and increased to 25.9% and 26.8% in year 2 (≥5 dS m−1) due to
increased salt stress. Salt stress substantially increased grain flavonoid and crude pro-
tein content in black rice, and the effect was more pronounced in year 2. In contrast,
no difference in grain antioxidant content was observed between the control and salt
stress in white rice. Black rice exhibits moderate salt stress tolerance, causing only a
slight yield reduction and increased phenolic and flavonoid compounds. Severe salt
stress leads to yield losses but also increases antioxidant levels. Therefore, black rice
is a suitable option for cultivation in areas with moderate salt stress, sustaining pro-
duction while improving the nutritional value of grains for human consumption.
This research was funded by the JIRCAS research programme Indigenous crops and
food design and JSPS KAKENHI Grant Number JP22K05942.
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The role of ionic and osmotic stress on the response of rice to
salinity stress

KRISTIAN JOHNSON, FOLKARD ASCH
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

More than half of the world’s population rely on rice (Oryza sativa L.) as an
essential daily staple. Despite growing demand, agricultural land in key rice
producing areas is being degraded due to a combination of urbanization, soil
salinization, and erosion. Soil salinization is typically the result of poor agri-
cultural practice in arid areas. However, increasingly it is also a problem in
some of the world’s wettest regions due to sea level rise. This threatens rice
production, as rice is a highly salt-susceptible crop. Salinity stress relates to
two processes, an initial osmotic shock that leads to reduced water uptake
by the roots, followed by a toxic accumulation of ions within the plant. The
effect of the separate phases on rice plant growth remains unexplored and
may even differ significantly between rice varieties. As a result, the deter-
mination of the respective contributions of ionic and osmotic phases to the
overall effect of salinity could provide greater insight into mechanisms un-
derlying salinity tolerance. Our objective was to differentiate and measure
the osmotic and ionic components of salinity using polyethylene glycol-6000
(PEG) and NaCl treatments of different severities in a greenhouse experi-
ment conducted at the University of Hohenheim. We used three rice varieties
(IR4630, IR31785, IR64), each with strongly contrasting salt tolerance mecha-
nisms, and subjected them during their vegetative stage to different levels of
salinity and osmotic stress. Biomass, leaf area, SPAD, PRI, ion content (Na+,
Cl-, K+) on a plant and organ level, leaf relative water content, leaf turgor,
photosynthesis, and transpiration at a leaf and canopy level were measured
after one and then two weeks of salinity and osmotic stress. The compari-
son of osmotic to salinity treatments, which were osmotically equivalent, will
indicate the extent of the contribution of osmotic and ionic components to
salinity stress and allow us to identify the aspects of plant growth on which
either one has the greatest influence. The potential effect of variety will also
be shown.

Keywords: Ionic vs. osmotic stress, rice, salinity stress
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Co-designing and scaling sustainable intensification of mixed
farming systems in Laos

SOYTAVANH MIENMANY1, MARY ATIENO2, RIINA JALONEN1, HORST
WEYERHAEUSER3, MICHAEL PETERS4, JONATHAN NEWBY1, SIMONE VONGKHAMHO5

1Independent Researcher, Laos
2The Alliance of Bioversity International and CIAT, Laos
3Independent Researcher, Thailand
4International Center for Tropical Agriculture (CIAT), Trop. Forages Program, Kenya
5Ministry of Agriculture and Forestry, National Agriculture and Forestry Research Inst.,
Laos

For over a decade, rural Lao households have been undergoing a transforma-
tion from subsistence-oriented production systems to agricultural commer-
cialisation, facilitated by a series of Lao government policies opening the econ-
omy to internationalmarkets coupledwith improved connectivity. The extent
and depth of this process is accelerating, particularly in upland (non-paddy)
farming systems that were formerly part of a swidden landscape. Sustain-
able intensification of these mixed crop-tree-livestock systems (mixed farm-
ing systems, MFS) is critical for competitiveness in global markets, long-term
productivity and efficiency of resource use, without undermining resilience
and ecosystem services for rural households. Cassava and cattle are amongst
the most recent in a series of commodity booms in which increased market
demand and farm-gate prices has seen farmers engaged in a process of spe-
cialisation and mono-cultures to capture market opportunities.
This research explores MFS’s policy and market context, its impacts on farm-
ing practices and the opportunities and entry points for co-designing sus-
tainable intensification, focusing on cattle in Northern and cassava in South-
ern Laos. We conducted interviews with local government staff, farmers and
other stakeholders in three provinces in Laos with diverse agricultural com-
mercialisation and markets. Initial results reveal the cassava boom has been
driven by the high price of cassava root and chips, access to the local and
global markets and the establishment of starch factories in Laos and neigh-
bouring countries; the cattle boom has been driven by government policy,
high demand for cattle export to China and Vietnam and the decline of maize
production and price. Farmers practise MFS based on their available inputs
and labour with insufficient technical and innovation skills, although some
larger landowners have adopted good practices such as crop rotation and sil-
vopasture. The cassava and cattle booms contribute to converting forest areas

Contact Address: Soytavanh Mienmany, Independent Researcher, 303 Resi-
dence of MOES, Pakhao Village, Xaythany District, Vientiane Capital, Laos, e-mail:
soytavanh@gmail.com
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into agricultural commercial landscapes, and affect the availability of ecosys-
tem services such as access to land for grazing, soil fertility, erosion control
and watershed protection. To reduce negative impacts on the environment
and agroecosystems, improving farmers’ technical and innovation capacities,
co-design and supportive policies and regulations are needed to optimise re-
sources. Agro-silvo-pastoral systems are crucial for this pathway.

Keywords: Cassava, cattle, co-designing, maize, mixed crop-tree-livestock
systems, Northern and Southern Laos

ID 713 141



Landscape and land use

Climate-driven crop suitability effects on conflict in
sub-Saharan Africa

LISA MURKEN1, CHIARA SOPHIA WEITUSCHAT1, ABEL CHEMURA1,
CHRISTOPH GORNOTT2

1Potsdam Institute for Climate Impact Research (PIK), Germany
2University of Kassel & Potsdam Institute for Climate Impact Research (PIK), Fac. of
Organic Agricultural Sciences, Germany

Climate change fundamentally affects agricultural systems and agricultural
households. This can have implications that reach far beyond agriculture it-
self. An active field of study is the potential effect of weather and climate on
conflict dynamics, with several channels explored in the literature that may
explain why weather and climate events affect conflict propensity and inten-
sity. In particular, climate-induced resource scarcity could ignite conflicts.
In this study, we analyse a specific impact channel that may explain weather
influence on conflict in areas with high agricultural dependency: changes in
crop suitability. Crop suitability can be modeled using machine learning ap-
proaches and as a function of climate and spatial indicators. We use crop suit-
ability models for the entire African continent to analyse influences of crop
suitability changes on conflict incidence and intensity from 1997–2023, draw-
ing on the ACLED database for conflict data. Focusing on the main crops
produced in Africa, we distinguish between food crops and cash crops. The
main hypothesis is that changes in crop suitability require replanting, reor-
ganisation of plots and potentially abandonment of previously fertile areas.
Such changes could influence demand in land, land transfers, and ultimately
land conflict. Presumably, areas that are not directly affected by crop suit-
ability changes but lie in the vicinity could be particularly affected through
spatial spillovers, where pressure increases on land from areas that are af-
fected by changes in suitability. Areas of particular interest include areas “at
the fringe”, where crop farming and livestock production meet. Based on the
empirically derived relationship between crop suitability changes and conflict
occurrence, we conduct a back-of-the-envelope calculation to estimate poten-
tial future hotspots of conflict occurrence based on projected crop suitability,
taking into account different climate scenarios. The results of this study will
shed new light on the weather, climate, agriculture and conflict nexus, which
can inform policies for sustainable land management with the aim of conflict
prevention.

Keywords: Agricultural potential, climate change, conflicts, crop suitability

Contact Address: Lisa Murken, Potsdam Institute for Climate Impact Research (PIK), Tele-
graphenberg A31, 14473 Potsdam, Germany, e-mail: murken@pik-potsdam.de

142 ID 836



Optimisation strategies, synergies and trade-offs between… — Oral Presentations

Developing macaúba value webs: A novel oil crop,
multipurpose palm for agricultural diversification in Brazil

RICARDO VARGAS-CARPINTERO1, THOMAS HILGER2, SÉRGIO MOTOIKE3, LEONARDO
PIMENTEL3, CARLOS COLOMBO4, ROSELI FERRARI5, PETER EISNER6, SÉRGIO TOLEDO

E SILVA6, STEPHANIE MITTERMAIER6, IRIS LEWANDOWSKI1
1University of Hohenheim, Dept. Biobased Resources in the Bioeconomy, Institute of
Crop Sciences, Germany

2University of Hohenheim, Inst. of Agric. Sci. in the Tropics, Acrocomia Hub, Germany
3Federal University of Viçosa, Dept. of Agronomy, Brazil
4Agronomic Institute of Campinas, Genetic Resources Center, Brazil
5Food Technology Institute (ITAL), Brazil
6Fraunhofer Institute for Process Engineering and Packaging (IVV), Germany

The development of novel crops is a key strategy towards the diversification
of agriculture and raw materials for the transition to a sustainable biobased
economy. In this context, biodiversity and ethnobotanical knowledge offer a
pool of genetic resources. The macaúba palm (Acrocomia aculeata) is an ex-
ample. This plant, native to the neotropics, widely adapted to adverse eco-
logical conditions and traditionally used by local, rural communities, can de-
liver multiple functions simultaneously: oils from the fruits in high quantity
and quality (2,5 to 5 tons of oils ha−1), residual fruit fractions for various ap-
plications, recovery of degraded landscapes and soils, carbon sequestration
and biodiversity habitat. Scientific progress has allowed its initial cultivation
in Brazil, facilitating the transition to a semi-domesticated phase. A systems
approach is fundamental at this early stage of macaúba value web’s develop-
ment to achieve sustainability and successful crop introduction, integrating
cultivation, processing, and products. Moreover, the involvement of differ-
ent stakeholders and the consideration of contextual factors are elemental
actions for shaping these systems sustainably. For instance, plant breeding
needs to be aligned with industrial applications, cropping systems tailored
to biophysical parameters and farmers’ conditions, and biomass supply with
processing demand. In the “AcroAlliance” project, we incorporate these prin-
ciples and conditions in the development of macaúba value webs. By com-
bining inter- and transdisciplinary researchers’ expertise on genetics, agron-
omy, processing technology for fruit biorefining into high-added value prod-
ucts and sustainability assessment, the project aims to propose an integrated
macaúba value web concept. For this, our targets are: i) advancing planting
material; ii) modelling cropping systems (e.g. agroforestry) and identifying

Contact Address: Ricardo Vargas-Carpintero, University of Hohenheim, Dept. Biobased Re-
sources in the Bioeconomy, Institute of Crop Sciences, Fruwirthstr. 21, 70599 Stuttgart, Ger-
many, e-mail: ricardo.vargas@uni-hohenheim.de
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best agricultural practices; iii) improving harvest and post-harvest processes;
iv) developing a biorefinery concept for the production of oils, proteins and
fibres; v) testing industrial applications; vi) analysing the value web, iden-
tifying implementation strategies and setting a roadmap. Farmers and com-
panies fostering the cultivation of macaúba and industry actors are involved
in order to ensure knowledge transfer and a reflective research process. This
project contributes to the advancement of a novel crop fromplant biodiversity
and thus, the diversification of agricultural activities and products.

Keywords: Acrocomia aculeata, agricultural value chains, agroforestry, biobased
valueweb, biodiversity, bioeconomy, biorefinery, Brazil, diversification,Macaw
palm, macaúba, novel crops, oil crops, palms, sustainability
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Resource allocation trade-offs in smallholder cropping
systems using multi-objective optimisation

CHRISTINE ARWATA ALUM
Biodiversity Solutions Ltd, Uganda

Decision-making in typical smallholder farms is usually comprised of multi-
ple objectives that need to be put under consideration. These objectives are
sometimes in conflict with each other. Farmers therefore aim to efficiently
utilise farm resources to attain satisfaction from all its objectives. However,
the problem lies in allocating the limited resources to farm operations. Ad-
mittedly, resource use varies in different cropping systems. Due to the ex-
istence of several objectives, Multiple Criteria Decision Making models are
used to solve trade-off problems consisting of multiple objectives. This study
applies a compromise programming model to analyse the conflicts between
the economic, social and nutritional objectives of a typical resource-poor farm
in eastern Uganda and develop the optimal cropping plan for the farm’s crop-
ping systems. Compromise solutions were generated following four analyti-
cal procedures, that is, individual objective optimisation to identify the ideal
solution, constrained optimisation to generate a set of efficient solutions, de-
viations between the objective values and their ideal points were obtained
and a distance measure was introduced to identify the best compromise solu-
tion. Results demonstrate how relationships between farm components and
cropping systems influence farm labour demands, income and nutrition. Dif-
ferent trade-offs occur between the farm’s objectives in the cropping systems
modelled. The results show that farm income reduces as farm labour in terms
of hours reduces. Additionally cropping plans that promoted better nutrition
included the cultivation of crop mixtures, that is, maize and beans intercrop.
On the other hand, a higher income was realised when the model allocated
a larger acreage to coffee production. Furthermore, findings reveal that com-
petition exists between allocating the farm’s labour resources to produce dif-
ferent crops. The efficient solutions generated by the procedure provide an
understanding of the trade-offs existing between conflicting farm objectives.
Therefore, the model helps to assess the potential for the adjustment of other
crops in achievement of objectives. Policy suggestions could focus on sustain-
able intensification strategies such as polycultures, to utilise available farm
resources.

Keywords: Compromise solution, constrained optimisation, decision-making,
efficient solutions, multiple criteria decision making, polyculture, Uganda
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Emerging pathways in changing rice-based production
systems in Luzon, Philippines

RICHELYN ROSE CLAVERO1, MANUEL JOSÉ C. REGALADO2, MATHIAS BECKER1,
SHYAM PARIYAR1

1University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES) - Plant Nutrition,
Germany

2Philippine Rice Research Inst., Rice Engineering & Mechanization Div., Philippines
External pressures and internal drivers are shaping processes of change in rice-based
production systems. We studied to what extent and in which ways rice-based produc-
tion systems are impacted by the recently implemented Rice Trade Liberalisation Law
(RTLL) in the Philippines, a policy aimed at lowering rice prices for urban consumers.
Through a diachronic analysis (comparing the years 2018 and 2022), we assessed
changes in production practices and performance attributes in four main rice pro-
ducing provinces in Luzon, representing either rainfed (Pangasinan and Bulacan) or
irrigated (Aurora and Nueva Ecija) systems, and in both the dry (DS) and the wet
seasons (WS). Structured surveys administered to 600 farmers complemented focus
group discussions.
In 2022, the Philippines has increased the amount of cheap imported rice by 48%
(2,975,310 metric tons in 2021 vs. 2,006,350 metric tons in 2018), thereby halving the
price of paddy rice for farmers and increasing uncertainties on the outcome of farmers’
investments. Three years after implementing the RTLL, we observedmajor changes in
land use and in agronomic practices. Across sites, the paddy rice area decreased by 2
– 20%, with largest changes in Nueva Ecija in both seasons. Crop establishment of dry
season rice shifted from transplanting to direct seeding in 81% of all observed cases in
Bulacan, and in 13–20% inNueva Ecija and Pangasinan. In Aurora and Pangasinan, 69
and 52% of farmers respectively, also shifted to direct seeding their wet-season rice.
Adoption of these labor-saving practices entailed a significant increase in the use of
herbicides. Due to recently massively increased costs, N fertiliser application rates de-
creased in the DS in Aurora and in Nueva Ecija as well as in the WS in Bulacan and
Pangasinan, significantly and negatively affecting grain yields at these sites and sea-
sons. Another emerging trend associated with the RTLL concerns a shift from DS rice
to high-value upland crops, especially in rainfed environments and on light-textured
soils.
The combined effects of these RTLL-related changes point towards a future trend of
uncertainties in rice supplywith decreasingdomestic production and food sovereignty
and an increased import dependency for rice in the Philippines.

Keywords: Cropping system shift, diachronic analysis, food security,Oryza sativa, rice
tariffication
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Treated wastewater usage for agriculture in water stress areas:
A case study in Sialkot, Pakistan

JAWWAD SHAFIQ
PICIIP, Local Government&CommunityDevelopmentDepartment, Environment Safe-
guards, Pakistan

Punjab, the most populous province in Pakistan, relies heavily on agriculture,
which produces over 70% of the country’s food crops. However, the region
is facing a severe water crisis that threatens the sustainability of its agricul-
tural sector. This crisis has been exacerbated by urbanisation, climate change,
and increased competition for water from other sectors, including industry
and domestic use. The city of Sialkot, located in central Punjab, is home to
around 270 leather tanneries and other industries that are the largest users of
water and depend entirely on groundwater sources. Due to climate change
and over-exploitation of water resources, farmers face serious challenges in
accessing safe water. Effluents from tanneries, industries, and municipali-
ties are discharged directly into freshwater streams, forcing farmers to use
wastewater for irrigation, which poses a serious threat to human health and
reduces land fertility due to salinisation after a few times. To address this is-
sue, Sialkot’s local government has planned to use treated wastewater for irri-
gation to meet the agricultural sector’s water needs. The Water-Energy-Food
Nexus approach was used to evaluate the feasibility of collecting and reusing
wastewater for irrigation after applying suitable treatments, and GIS-based
tools were used to coordinate water supply and demand. Five treatment tech-
nologies for domestic wastewater were compared, where the levelized cost of
water method was used to determine the best low-cost system and the waste
stabilisation ponds (WSP)methodwas found to be themost suitable for treat-
ing capturedwastewater. The adoption of this irrigation schemewould result
in a noticeable improvement of local water resources, ensure the long-term
sustainability of the agricultural sector and improve the livelihoods of mil-
lions of farmers who depend on it. It would also reduce water extractions
by around 30% and total energy requirements for groundwater pumping by
around 15%, contributing to a more sustainable and resilient food system in
Punjab.

Keywords: Foodproduction, irrigation, low-cost system, sustainability, waste-
water use
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Promotion of mechanisation for smallholder farmers:
Insights and learnings from Zambia

CAROLIN ROSENBERG
University of Duisburg-Essen, Institute for Development and Peace (INEF), Germany

The agricultural sector in Zambia has so far been characterised by low mechanisa-
tion. Most farmers still cultivate and maintain their land by hand, with negative con-
sequences for productivity. Not only is less arable land cultivated than is available, but
farmers are also unable to make optimal use of the time slots favourable for planting
and weed control. A major reason for the often unproductive farming methods is the
lack of access to financing for agricultural equipment.
In 2017 KfW Development Bank supported the establishment of Agricultural Leasing
Company Zambia Limited (AgLeaseCo), which aims to promote agricultural mod-
ernisation in Zambia through an innovative leasing scheme. The target group of the
private Zambian company are primarily wealthier smallholder farmers who cultivate
between 5 and 20 hectares of land. By providing financing in the form of leasing, these
farmers are supported in modernizing their farming methods through the acquisition
of equipment, such as tractors, cultivation implements, or planters. By lending their
leased machinery to surrounding farmers for a rental fee, also smallholder farmers
who are not (yet) able to obtain agricultural equipment themselves benefit.
A team from INEF, University of Duisburg-Essen, analysed this good practice exam-
ple of promoting agricultural modernisation in Zambia through focus group discus-
sions with benefitting farmers and interviews with key stakeholders involved in the
leasing process (e.g. AgLeaseCo staff, equipment suppliers, traditional leaders). The
INEF-team looked intoAgLeaseCo’s businessmodel, farmers’ investment preferences,
the lease’s impact on agricultural productivity and livelihoods, as well as challenges
and problems throughout the leasing process. Especially, the impact on poorer small-
holders, who achieve (partial) mechanisation through hiring leased machinery, was
looked into. The research thereby examined the question of how the introduction of
modern means of agricultural production can affect both the area cultivated as well as
the yields and incomes of smallholder farmers, and can thus ultimately contribute to
poverty reduction and food security in rural areas.
The contribution aims to present the case studies’ innovative idea and lessons learned
derived from the research results, and to explore pathways to transfer this good prac-
tice for promoting agricultural modernisation to other contexts.

Keywords: Agricultural equipment, agricultural finance, leasing,mechanisation, small-
holder farmers, Zambia
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A tool for analysing sustainability of smallholder farms:
Farm input subsidy policy use case
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3University of Bonn, Center for Development Research (ZEF), Germany
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Landscapes Research Area, Ethiopia

The research and development needed to achieve sustainability of African smallholder
agricultural and natural systems has led to a wide array of theoretical frameworks for
conceptualising socioecological processes and functions. However, there are few ana-
lytical tools for spatio-temporal empirical approaches to implement use cases. This is
a prerequisite to understand the performance of smallholder farms in the real world.
This study builds a multi-agent system (MAS) to operationalise the Sustainable Agri-
cultural Intensification (SAI) theoretical framework (MASSAI). This is an essential
tool for the spatio-temporal simulation of farm productivity to evaluate sustainabil-
ity trends into the future at fine scale of a managed plot. MASSAI evaluates dynamic
nutrient transfer using smallholder nutrient monitoring functions which have been
calibrated with parameters from Malawi and the region. It integrates two modules:
the Environmental (EM) and Behavioural (BM) ones. The EM assess dynamic natural
nutrient inputs (sedimentation and atmospheric deposition) and outputs (leaching,
erosion and gaseous loses) as a product of bioclimatic factors and land use activities.
An integrated BM assess the impact of farmer decisions which influence farm-level
inputs (fertiliser, manure, biological N fixation) and outputs (crop yields and asso-
ciated grain). A use case of input subsidies, common in Africa, markedly influence
fertiliser access and the impact of different policy scenarios on decision-making, crop
productivity, nutrient balance and economic benefits are simulated. This is of use
for empirical analysis smallholder’s sustainability trajectories given the pro-poor de-
velopment policy support. For 15 years the government of Malawi has championed
input subsidy as a pro-poor strategy to ensure food security, poverty reduction and
improved nutrition but its impact on human behaviour and soil nutrient balance as
indicators of sustainability has not been evaluated. After the 15 years of fertiliser sub-
sidy program, farmers have internalised it in their expenditure plan: some source in-
creasing amounts from the market while those that rely on limited fertiliser acquired
through subsidy proactively reduce the nutrient gap by increasingmanuring. Subsidy
might not significantly shift the nutrient and productivity trajectories for the next 20
simulated years, increased subsidy could relatively accelerate nitrogen gain but lead
to phosphorus losses thereby jeorpardising farm sustainability.

Keywords: Farm input subsidy, multi agent system, nutrient balance
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Potential of agrivoltaic system for lettuce plantation in a
non-irrigated small scale areas: Case study in

northern Thailand
SUWIMON WICHARUCK1, NUTTAPON KHONGDEE2, CHATCHAWAN CHAICHANA1

1ChiangMai University, Energy Technology for Environment Research Center, Thailand
2Chiang Mai University, Dept. of Highland Agric. and Natural Resources, Thailand

Solar energy, in terms of solar PV, has gained more interest these days as
a substitute for fossil fuels in generating electricity. A solar farm requires a
significant quantity of land for PV installation, and it is expected to compete
for land with agriculture. The idea of growing crops below the PV has re-
cently become popular. Therefore, this study aims to investigate the possibil-
ity of crop production under solar PV on lettuce growth and yields. The study
area was located in Hang Dong district, Chiang Mai Province, Thailand. Two
growing systems were compared: lettuce plantation i) in a greenhouse as a
control (GH) and ii) below the solar PV (SL). Lettuce varieties (Lactuca sativa)
of ‘Butter Head’ (BH) and ‘Green Oak’ (GO) were selected for comparative
measurement. The lettuce was planted in both GH and SL systems. Light
intensities were recorded as Photosynthetically Photon Flux Density (PPFD,
𝜇mol/m2/s) every 30 mins and the values were then converted to daily light
integral (DLI, mol/m2/d). SPAD values (using the Chlorophyll Meter SPAD-
502), growth (height and width) and fresh yields were measured every 7
days. The results showed that PPFD values in GH (538 𝜇mol/m2/s) were
higher than in SL (404 𝜇mol/m2/s), with a ratio of 28%. At maturity, the
highest values of SPAD were observed under BH_GH of 36.2 in comparison
to the others during the measurement date. GO_SL had the highest values of
plant height (14.8 cm) and width (21.0 cm) while the lowest values were ob-
served in BH_SL (height = 10.4 cm andwidth = 11.9 cm). Fresh yield showed
the highest and lowest values in GO_SL and BH_SL, with average values of
41.8 g/plant and 25.4 g/plant, respectively. In conclusion, sunlight availability
under the PV was adequate for growing lettuce but further investigation is
needed for the other crops.
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Agricultural production practices, challenges and
opportunities of small-scale farmers in Burkina Faso and

Senegal
JUDITH HENZE1, BRIGHT LITTLE-TETTEH2

1Humboldt-Universität zu Berlin, Centre for Rural Development (SLE), Germany
2L’Institut Agro, France

Transforming local food systems is a complex process that requires a comprehensive
understanding of the current status of existing systems, as well as producers’ percep-
tions of their challenges and potential solutions. The NUTRiGREEN project is aimed
at exploring and improving the value chains of healthy and sustainably produced tra-
ditional plants in order to integrate them into the diets and incomes of resource-poor
people, and strengthen their impact on the food systems in Zitenga, Burkina Faso and
Thies, Senegal. As a foundational step, the project conducted a household survey,
interviewing 210 main decision-makers in Burkina Faso and 204 in Senegal. The ob-
jective of this survey was to identify current practices, barriers, and potentials in the
two project regions.
This article presents the core findings of the survey, which include an analysis of cur-
rent farming practices and decisions made by local farmers in the research areas. The
study compares the production of cereals, cash crops, roots and tubers, vegetables,
fruits, and trees between the two countries, while emphasising the key factors that
influence farmers’ production decisions. A special focus is placed on showcasing the
agroecological practices that are already being followed, with an emphasis on the pro-
duction, perception, and use of traditional plants, many of which have great potential
in terms of nutritional security and medicinal properties. Furthermore, the article
highlights the benefits of crop and dietary diversity, focusing on some of the indige-
nous plants being consumed in West Africa.
The study also includes an analysis of the information channels used by farmers, with
the goal of establishing improved support and communication strategies to promote
locally adapted sustainable resources management approaches. In addition, the arti-
cle sheds light on the main perceptions and adoption methods chosen by small-scale
farmers to address climate change.
Overall, this study provides valuable insights into the current status of local food sys-
tems in Burkina Faso and Senegal and highlights the challenges and opportunities
for improving these systems in a sustainable manner. The findings of this study are
relevant to policymakers, researchers, and practitioners working in the areas of food
security and sustainable agriculture in West Africa and beyond.

Keywords: Climate change, farmingdecisions, productionpractices, traditional crops,
West Africa
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Determinants of organic fertilisers utilisation among
smallholder coffee farmers in Vietnam

PHUONG ANH NGUYEN, MIROSLAVA BAVOROVÁ, AYAT ULLAH
Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences - Dept. of
Economics and Development, Czech Republic

The Vietnamese coffee industry has achieved a high yield due to the excessive
use of synthetic fertilisers in farming systems. It, however, had a detrimental
effect on the environment. Since the industry is a crucial player in the coun-
try’s socioeconomic development, it must be maintained sustainably. This
study aims to increase organic fertiliser adoption among Vietnamese coffee
growers by identifying the factors influencing the selection of organic fertilis-
ers. Together, it addressed a connection between the use of organic fertiliser
and the participation of farmers in the credit program. A bivariate model
regression was used to estimate this linkage, relying on the data set using
multistage sampling techniques. 139 Robusta coffee farmers were gathered
from major coffee-growing areas in Dak Lak province in 2022, namely Buon
Ky, Ea Tu, Ea Kao, Hoa Thang, and Ea Tieu. This data set also considered the
mixture of minority and majority groups to determine the differences in their
preferences for organic fertilisers and credit. Results indicate that variables of
coffee farming experience, farmer membership, soil quality perception, and
intercropping have a positive and significant effect; however, age and coffee
farm size reduce organic fertiliser adoption. Other findings reveal that family
and coffee farm sizes positively influence credit participation. Coffee farm-
ers who adopt organic fertilisers and perceive better soil improvement were
found to need less credit than those who did not perceive the benefit of using
organic fertiliser. The study recommended that policymakers should focus
more on a group of only chemical-fertiliser farmers and promote cooperatives
and companies using organic fertiliser.

Keywords: Credit, farmer membership, organic fertiliser, robusta coffee,
Vietnam
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Assessment of cropping systems and net economic returns in
three agroecosystems of southern Myanmar
PHYU THAW TUN, ZIKRULLAH SAFI, ANDREAS BUERKERT

University of Kassel, Organic Plant Production and Agroecosyst. Res. in the Tropics
and Subtropics, Germany

Cropland expansion in the Kyunsu Township of Southern Myanmar has diminished
natural forests and led to a decline of ecosystem services. To assess options for re-
ducing production constraints and increasing net income on current cropland, a field
survey of 301 households inhabiting three agroecological zones of the township: the
plantation zone (15% of households), the lowland zone (35% households), and the
sea zone (50% of households), was conducted in 2020, and addressed characteris-
tics of cropping activities. To identify types of cropping systems in each zone, the
data were analysed by applying hierarchical clustering of principal components. The
analysis revealed three types of cropping systems in each zone. The plantation zone
consisted of a lowproductive systemwith limited input use (Type 1) and the high pro-
ductive systems with limited (Type 2) and intensive input use (Type 3). These types
(perennial-based) were the most beneficial as indicated by a gross value added (GVA,
ha−1 yr−1) of US$ 746 (Type 1), 1693 (Type 2), and 1838 (Type 3). The same GVA ten-
dencywas observed for the three lowland zone types (rice-based): the low productive
systems with intensive (Type 1) and limited (Type 2) input use and a high produc-
tive mixed (rice-perennial based) system with limited input use (Type 3), which hold
a respective GVA of US$ 141, 276, and 470 ha−1 yr−1. In the sea zone, Type 1 (low
productive perennial-based system with limited input use), Type 2 (high productive
perennial-based system with intensive input use), and Type 3 (low productive rice-
based system with intensive input use) were identified and yielded a GVA of US$
528, 695, and 232 ha−1 yr−1. The most common production constraints across the
observed cropping systems were poor soil quality, high input price, water scarcity,
labour scarcity, unavailability of assets, inaccessible technology, lack of improved vari-
eties, pest and disease infestation, and saltwater intrusion. To compensate production
declines, farmers in the lowland and sea zones with lower land productivity may in-
creasingly clear natural forest land for expanding their production. Resolving farmers’
apparent production constraints may improve land productivity, increase household
crop income, and help to sustain ecosystem services.
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Balancing trade-offs and achieving synergies: The case for
joint adoption of conventional and agroecological farming in

Tanzania
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ANTHONY KIMARO2, KATHARINA LÖHR3, STEFAN SIEBER3, BETTY WAIZED1,
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1SokoineUniversity of Agriculture, Agricultural Economics andAgribusiness, Tanzania
2World Agroforestry (ICRAF), Tanzania Country Programme, Tanzania
3Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
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Climate change is one of the greatest global challenges of the 21st century.
Its adverse effects on global agricultural production and food systems pose
significant threats in Sub-Saharan Africa, where poverty, rapid population
growth, and food insecurity are already prevalent. To address this issue,
agroecological farming approach have been considered a viable solution. It
ensures sustainability in agri-food systems while mitigating the impacts of
climate change. However, concerns arise regarding the ability of agroecolog-
ical farming to replace conventional external input farming to meet produc-
tivity and food security objectives, especially in Sub-Saharan African nations
where agricultural productivity remains low, and food systems are unstable.
This study is conducted in Tanzania to investigate the synergies between con-
ventional and agroecological farming practices using the Tanzania’s national
panel survey (NPS) for the 2020/2021 wave. The study employed Multi-
nomial Endogenous Treatment Effect (METE) regression to determine how
the joint adoption of both approaches could improve farm productivity and
food security in a sustainable manner compared to their separate implemen-
tation. The study reveals that combining conventional farming practices (in-
organic fertiliser and agrochemicals) with agroecological farming practices
(organicmanure and agroforestry) can significantly enhance farm productiv-
ity and food security, indicating that the two approaches have a strong syn-
ergy. Interestingly, exclusive adoption of conventional farming can improve
farm productivity and food security, but themagnitude of this effect is almost
the same as that of the joint adoption of both approaches. In contrast, exclu-
sive adoption of agroecological farming has a positive but insignificant effect
on farm productivity and food security. These findings suggest the potential
benefits of balancing the trade-offs of conventional high external input farm-
ing by adopting agroecological farming. Combining the two approaches can
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help achieve productivity and food security objectives while protecting the
natural agroecology. Therefore, the study emphasises the need for promot-
ing policies and initiatives that encourage the joint adoption of conventional
and agroecological farming practices to achieve sustainable and resilient agri-
cultural production and food systems in Tanzania. However, such policies
and initiatives must be complemented by other measures like credit access,
extension, and social protection to enhance their adoption and impacts.

Keywords: Agro-ecological farming, Climate change, conventional farming,
farm productivity, food security, METE, Synergies, Tanzania
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Possible pathway and interactions for integrating
mechanisation into sustainable rice production in Ghana

SELORM Y. DORVLO
University of Ghana, Dept. of Agricultural Engineering, Ghana

Environmentally sustainable small-scale rice production mechanisation is a
feasible intervention to help enhance yields and reduce food insecurity chal-
lenges. InGhana, agricultural production is a significant component ofGhana-
ian livelihood and is an important economic activity for most of the popula-
tion. Therefore, mechanised rice production can provide financial gains for
small-scale farmers and ensure a sustainable agricultural production value
chain based on practical agroecological principles. This study evaluates ma-
chinery ownership models and proposes the stakeholder interactions needed
for sustainable rice production. The study uses primary data from a field
survey of 320 farmers within Asutsuare, a rice production hub in Southern
Ghana, key informant interviewswithmajor stakeholders and secondary data
fromvarious sources. Findings show that somemachinery ownershipmodels
can provide the smallholder rice farmer with the machinery needed to mech-
anise their production effectively. Four main machinery ownership mod-
els have been proposed and evaluated. The cooperative-owned machinery
model, with a sharing of the initial investment capital outlay for the machin-
ery acquisition, and the ownership model, where the farmer owns and of-
fers hiring services to other farmers, were the most economically viable mod-
els. In addition, the study identifies necessary stakeholder engagement and
interaction pathways to ensure the availability of innovative and affordable
machinery at scale for locally appropriate and sustainable mechanised rice
production. In addition to the benefits of releasing effective and good quality
farm labour, the mechanisation model promotes machinery ownership that
socially integrates machinery usage into the community and promotes the
social aspects of resilient farming systems.

Keywords: Agroecology, rice production, stakeholder interactions, sustain-
able mechanisation
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Trends and determinants of change in rice-based production
systems in the zambezi floodplain in Zambia

OWEN MACHUKU, MATHIAS BECKER, KAI BEHN, SHYAM PARIYAR
University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES) - Plant Nutrition,
Germany

With the second national rice development strategy from 2016, the Repub-
lic of Zambia aimed at increasing rice yields, expanding the cultivated area,
and promoting agricultural innovations. Simultaneously, climate change in-
creases risk for rice-based cropping systems in form of floods and droughts.
Farmers may be affected differently depending on the positions of their fields
along hydrological gradients in a floodplain. Opportunities and risks from
policy and climate change may drive farmers to intensify or diversify their
production systems. Thus, the resulting emergence of new cropping patterns
and associated practices may require changes in input use and crop manage-
ment practices. The study therefore aims at answering the following ques-
tions: What are current and likely future change trends in agronomic practices
and yield? What are likely causes and drivers of change in the rice-based pro-
duction systems in the Zambezi floodplain in Zambia? Through a diachronic
household survey (comparing the year 2023 with 2013) we examined change
trends from 40 farms on rice-based cropping systems in the Zambezi flood-
plain in the Western Province, Zambia. Survey data, including information
on cropping practices, yields, and risk perception, was complemented by field
observation and soil samples. The survey was stratified based on the hydro-
logical gradient in the floodplain considering the flood-prone riparian zone,
the favorable middle zone, and the drought-prone fringe, as well as irrigated
rice fields. Soils in all zoneswere acidicwith an average of pH 4.3. TotalNwas
about 0.15% with CN-ratio ranging from 10-14. Farmer´s attributes, farmer´s
resource endowment, rice grain yield, and production constraints differed
along the hydrological gradient. In 2023, almost all farmers had access to ex-
tension service (75% in 2013), yet farmer´s access to inputs and machinery
remain low. Rice yields ranged in 2013 from 0.9 t ha-1 (drought prone zone)
to 2.39 t ha-1 (irrigated fields) and from 0.71 t ha-1 (submerge prone zone) to
1.74 t ha-1 (irrigated fields) in 2023. To sustainably intensify rice production,
site-specific conditions must be considered. We foresee the need for mech-
anizing the rice production, linking farmers to markets, supporting farmers
with farming inputs and extension of irrigation infrastructure.
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Adoption potential for sustainable small-scale irrigation with
solar pumps in Burkina Faso
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Farmer led irrigation (FLI), is expanding rapidly in Africa, particularly in Burkina
Faso, where thousands of farmers mobilise water from close-by water sources in the
dry season or during dry spells of the rainy season. Further expansion of irrigation is
limited by often painful, inefficient, or unsustainable practices. However, there are
several promising innovations, developed by farmers themselves, by private firms
or by research and development agencies, which are often unaffordable or poorly
adapted. Barriers to the adoption of such innovations are not only financial, but also
technical, social, and organisational. As part of the IRRINN project (www.irrinn.org),
this contribution focuses on small scale irrigators, and their attitude towards solar
pumps. With the aim of determining the adoption likelihood of these pumps, we ex-
plored the innovation environment, identified and analysed drivers and constraints
to adoption, as well as proposed actions for further promotion. Methodologically, a
variant of the QAToCA research tool called QAT’RRINN, has been applied in four vil-
lages around Ouagadougou, where over 30 stakeholders provided detailed input on
the tool’s indicators in a participatory workshop. Findings revealed inhibiting factors
from the participants’ perceptions such as limited knowledge and funding, difficul-
ties in accessing inputs, the limited duration of the promoting organisation’s engage-
ment, and weak dissemination support from local private organisations. Also, the
lead-farmer approachwas not used, while technically, theminimumplot size required
could hinder adoption. Supporting factors for adoption are easy integration into the
existing agricultural system since farmers are already experienced with irrigation. At
the organisational level, it is appreciated that the implementing organisation works
well with project partners and disposes of qualified staff. Furthermore, the innovation
is compatible with the local context and does not face resistance from neighbouring
farmers. We recommend accompanying up-scaling by providing technical informa-
tion through extension, facilitating access to related inputs, and enhancing access to
financial resources (e.g., loans and subsidies). The study underlines the importance of
observing the whole context of an innovation’s environment, not only focussing on its
technical performance. Results of this study can help to overcome adoption obstacles
or even question its appropriateness in the local context.
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Identifying and predicting best-performance cases to foster a
sustainability transition in West African cocoa production

JENS VAN HEE, FRANZISKA OLLENDORF, CLAUDIA CORAL, STEFAN SIEBER,
KATHARINA LÖHR

Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries, Germany

Over the past decade, in West African cocoa production, efforts to deliver trainings on
more sustainable production techniques have been undertaken by various public and
private actors. These interventions mostly combine trainings on ‘Good Agricultural
Practices’ (GAP), and, more recently, also comprise aspects of on-farm diversification
and agroforestry (AF). While up until now there is little knowledge to what extend
these interventions show effect on the actual farmer income and farming practices,
success still seems to be limited since poverty is still highly prevalent. However, while
most cocoa farmers struggle under the given conditions of their enabling environ-
ments, there are farmers facing similar conditions that manage to outperform their
peers, using creative and local solutions.
The proposed contribution assesses the existence of cases of such positive deviance
among cocoa farmers in Côte d’Ivoire. In backdrop of the Living Income benchmark,
and following the Positive Deviance approach, four dimensions of performance are
measured: farmers’ cocoa income, their socio-economic situation, the degree of in-
come diversification, and the amount of GAP and AF practices applied on the cocoa
farm. Based on a survey conducted in 2022 among 303 cocoa farmers in five regions
in Côte d’Ivoire, best performers are identified by comparing absolute performance
with the performance that would be predicted given the farmers’ enabling environ-
ment. The difference is combined in one relative performance vector for each farmer,
and then used to calculate the Pareto optimal. As such, farmers are identified that
outcompete their peers in all three dimensions, and seem to be dealing with trade-offs
successfully. In-depth interviews are then conducted with positive deviant farmers to
identify reasons for outperformance.
The objectives of the study are twofold: first, it is aimed to identify and predict cases of
positive deviance among Pro-Planteurs targeted cocoa farmers and second, to under-
stand the reasons for their better performance. The findings help to provide lessons
for future interventions aiming to create better conditions for farmers’ performance
and for scaling-up locally tailored interventions.
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Towards sustainable land management and agricultural
practices in Central Vietnam: Challenges and opportunities
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Group, Germany
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Agriculture is a key development sector in Vietnam, in which significant sus-
tainability gains could arise from its nexus with growing cities and other
development sectors, such as emerging rural tourism. To address the sus-
tainability of agricultural practices, a survey of 30 smallholder farmers of Cu
De River Valley in the Da Nang region was conducted following a standard
methodology based on the Original Agroecology Survey and Indicator Sys-
tem (OASIS). Fruits and vegetables were mostly produced through agroeco-
logical practices while rice, sugar cane and corn were mainly cultivated in a
conventional way. The higher workload needed to apply organic fertilisers
was the main barrier in the transition to organic fertilisation management.
The soil was left uncovered, which reduced the water absorption capacity of
the land, and the residues were burned, which polluted air andwater streams
and affected rural communities and farmers in the surrounding area. Con-
ventionally produced commodities were themain sources of income and they
were sold mostly through intermediaries that bought most of the production,
leading to a double dependency of one main product and one main client.
Those products were also more affected by the increasing costs of mineral fer-
tilisers that tripled in the past two years, leading to a reduction in profits. Fur-
thermore, soil degradation was reducing productivity and the farmers were
looking for alternatives such as diversifying their production from sugar cane
and rice to amixed system of fruticulturewith livestock. The participants also
suggested several strategies to enhance sustainability, such as direct selling of
products which could increase the selling price by up to 87.5%. For instance,
in the case of peanut oil production, postharvest processing, such as drying,
pressing, and packaging, led to a 30% increase in profits. During the survey,
the potential benefits of integrating agriculture and forestry with tourism, as
a means of promoting sustainable agricultural practices, were also noted.
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Banana food-fibre nexus: The position of Uganda’s banana
smallholder farmers
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Globally, there is growing interest to utilise agricultural residues as rawmaterial in di-
verse industries, includinguse of banana stems for production of natural fibre. Uganda,
where over 80% of farming households grow bananas for food and income, is gearing
up its fibre production to tap into the growing demand. However, successful scaling
up of fibre production depends on the feasibility of banana farmers, as potential raw
material producers, to re-orient from production of banana as a food crop to a com-
mercial crop with multiple uses e.g. fibre. This could pose negative implications at
farm level, on their food self-sufficiency, income and nutrient balances. This study
assessed, from the stakeholders perspective, the underlying socio-economic factors
motivating farmers’ engagement in fibre production, and the potential implications on
their livelihoods. Data were obtained through a systematic set of mixedmethods. Out
of 8, stakeholders ranked market-access, good agronomic management, social group
affiliation and access to alternative nutrient sources as the most important attributes
to motivate farmer engagement in fibre production. Overall, resource-endowed farm-
ers belonging to a farmer group, with diverse information sources, more livestock and
implementing 100% of recommended agronomic practices were better positioned to
engage compared to those resource-constrained. These resources support the current
fibre production demands; e.g., quality of stems produced, but could also help mit-
igate the potential risks therein. Averagely, all households were food self-sufficient
with 7,635–10,149 kcal−1day per adult male equivalent, with banana contributing the
most. Average annual household incomes were 833–2,320 USD. Returns from selling
all stems harvested could increase incomes by 6–10%, benefiting mostly the resource-
constrained farmers. The proportion of households thatwere food self-sufficient could
however reduce from >80% to ≤30% assuming a reduction in banana food produc-
tion resulting from harvesting stems for fibre before horticultural maturity of bunches.
This could also lead to a 40% reduction in income originally obtained from selling
bunches. The increasing global fibre demand offers farmers new income opportuni-
ties from the sale of stems. Long term solutions are however required to minimise the
potential trade-offs of upscaling fibre production at farm level on the livelihoods of
banana-dependent communities.
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Changing trends in management practices and their
implications for production under different rice-based
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The predominant rice-based systems in coastal areas of South and Southeast Asia are
at risk by effects of climate change and tidal salt intrusion. The combined external
and internal factors influence farmers to intensify or diversify their production sys-
tems. Thus, the resulting emergence of new cropping patterns and associated prac-
tices may require changes in input use and crop management practices. We aimed to
understand current and likely future change trends in agronomic practices and yield,
and to identify likely causes and drivers of change. Through a diachronic household
survey (comparing 2021 with 2011) in two contrasting coastal districts of southern
Bangladesh i.e., i) marginal & saline, and ii) more favourable, we examined change
trends from 240 farms in three rice-based cropping systems: (1) extensive rice-fallow,
(2) intensified double rice, and (3) diversified rice-mungbean rotations. Survey data
were complemented by soil samples for physio-chemical attributes analysis. Results
reveal that recent change trends concern mainly the mechanisation of tillage opera-
tions and increased application rates of mineral fertilisers. Such changes were more at
the favourable sites (61% of farmers shifting tomechanisation and 63% increasing fer-
tiliser application rates) than at the marginal site (18% increase in mechanisation and
36% in fertiliser use). The three cropping systems also differed, with largest variations
in mechanisation levels in intensive double cropped, and highest diversity in fertiliser
use in single rice and diversified systems. Change trends in agronomic practices were
more in the dry than in the wet season, irrespective of the site. Despite notable dif-
ferences in agronomic practices, rice yields did not differ significantly between season
and sites. However, yield (rice equivalent) variability, and thus the uncertainty in the
outcome of farmers’ investments, was higher in the dry than in the wet season, with
rice yields of 3.5–7.8 t ha−1 andmungbean yields of 1.0–4.1 t ha−1. The studyhighlights
that recent change trends differ between sites and seasons, while the resulting yields
and yield variabilities differ mainly between seasons and production systems. Con-
sequently, there is a need for site, system, and season-specific assessments of change
trends and their implications in coastal rice production areas.
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Local agricultural innovation system for rural producers in
Consolación del Sur, Pinar del Río, Cuba
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The research developed inserted in theDiveCropS Project: DiversifyingCropping Sys-
tems financed by DAAD of Germany, in the región of Consolación del Sur, in Pinar del
Río province, in Cuba. In this región the use of inappropriate technologies has caused
serious damage to agricultural production, decreasing yields and limiting food pro-
duction, decreasing yields and limiting food production, and Limited integration of
rural actors in carrying out production, transformation and marketing processes sig-
nificantly limits the productive results of family farming farms. In response to this
problem, the objective of Implementing a Local Agricultural Innovation System (Sial)
is outlined in order to achieve synergy between rural producers for greater agricul-
tural productions in the Consolación del Sur municipality. The research methodol-
ogy used begins with a Diagnosis of the model of agricultural production, Study of
the Climatic changes in the región, Study to management of soil and wáter and other
indicadors. The results achieved allow us to demonstrate that the characteristics of the
agricultural context in the Consolación del Sur municipality show marked potential
in productive systems with a high range of diversity and with an important vocation
for the development of local enterprises of high productive value, but do not achieve
full development. of their capacities due to the insufficient integration between ru-
ral actors. The implemented Local Agricultural Innovation System allows achieving
greater synergy and integration between rural producers that allows a closure of the
processes from production, transformation and commercialisation, the actions pro-
posed in the innovation system presuppose a comprehensive management approach
with training, integration of rural actors and social participation, as essential elements
within the process of knowledge management and technological innovation, reaching
the closure of productive processes of agroecological techniques, agroindustry and
commercialisation
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Assessment of diversification strategies on level of living
among soybean farmers in Kaduna State, Nigeria
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On-farm diversification refers to the shift from primary agricultural produce to diver-
sifying economic outputs within the agricultural sector. Increasing the productivity of
the agricultural sector has significant multiplier effects in stimulating other sectors of
the rural economy. The study was designed to assess the effect of on-farm diversifica-
tion strategies on output and level of living among soybean-based cropping farmers in
Kaduna State, Nigeria. Primary data was collected from 336 soybean-based cropping
farmers with the aid of a structured questionnaire. The livelihood diversification in-
dex andANOVA statisticswere used to achieve the study’s objectives. The result of the
distribution of the soya bean farmers showed that, about (80.5%) male were involved
in soya bean based cropping system. This could be attributed to the fact that men
are mostly involved in crop production in the study area as women are mostly play a
supportive roles such as taking part in planting and harvesting and post-harvest han-
dling of harvested crops. Soybean crop farmers engaged in soybean/maize- (36.7%),
soybean/cowpea- (25.2%), soybean/sorghum- (24.6%) based and sole soybean
(13.5%) cropping systems. Results show thatmajority of the rural households (69.6%)
diversified their livelihoods into several activities and earned significant amount of
income from multiple sources. Only 30.5% of households had less than 0.01 on the
Simpson index, thus depending on only one source of livelihood activity. On-farm in-
comewas the highest income sources contributing 73.4% of the totalmean share of the
income of the farmers with a significant difference (𝑝 < 0.001, 𝜒2 = 31.98) between the
on-farm, off-farm and non-farm earnings. This implied that on-farm income had sig-
nificant impact on the level of living among soybean based cropping systems in Nige-
ria. Government policy needs to focus on access to arable land and extension support
targeted at rural households to promote diversification to on-farm activities. Since the
production of soybean and its diversification is skewed towards male folk, Paying at-
tention to the creation of gender-sensitive opportunities and removal of gender bias
and discrimination within communities, to allow female households to diversify their
income.
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Effectiveness of cocoa cropping systems to reduce
deforestation in Colombia’s post-conflict areas

MIGUEL ROMERO1,2, MARCOS LANA2, AUGUSTO CASTRO-NUNEZ1, MARCELA
QUINTERO1

1The Alliance of Bioversity International and CIAT, Multifunctional Landscapes,
Colombia

2Swedish University of Agricultural Sciences, Crop Production Ecology, Sweden

The agriculture, forestry, and other land use sectors are the first source of greenhouse
gas (GHG) emissions in Colombia, accounting for more than 50% of the total. Emis-
sion sources include land use change from forest to crop/grassland, enteric fermenta-
tion by livestock, manure handling, and rice cultivation. Agricultural expansion is the
main driver of deforestation in Colombia, and the government is committed to reduce
GHG by 30% by joining global efforts to achieve deforestation-free production.
Cocoa cultivation is promoted as an economic alternative in post-conflict areas despite
a lack of evidence and understanding of the role of such interventions in reducing
deforestation. The aim of this work is 1) to establish the spatial distribution of cocoa
farming systems in the Caquetá region and 2) to establish if the presence of cocoa
farms are associated with deforestation.
From a list of 2353 farmers in the region obtained from with local authorities, grow-
ers’ associations and federations, and technical assistance offices, 448 farmers (19%)
were randomly selected for detailed spatial data collection using the Collector tool of
the ArcGIS software data. Land cover use and forest and cocoa cropping areas were
identified using satellite images. Correlations and spatially explicit analyses were per-
formed to explore to what degree cocoa production is associated with deforestation
using official spatial data on forest loss.
Results show that 60% of the farms have been associated to deforestation during the
last 20 years, with most of the forest losses occurring in the 2012–2020 period. When
looking specifically at the cocoa production areaswithin the farms, 20% of cocoa crop-
ping areas are associated with deforestation. Using data from semi-structured inter-
views with the same farmers, 32% of the cocoa farms planted cocoa tress in deforesta-
tion areas. As the implementation of new cocoa production areas was supported and
implemented in the framework of national and international initiatives, our findings
indicate that the promotion of cocoa cultivation needs to be done taking into account
the risk of promoting deforestation. Therefore, such initiatives must be addressed and
co-designed with different actors in each specific context to avoid deforesting new ar-
eas to plant cocoa.

Keywords: Agroforestry, climate change mitigation, sustainable supply chain, zero
deforestation
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Boosting the adoption of sustainable land-use systems for
climate-change mitigation and peacebuilding
LISSET PEREZ-MARULANDA1,2, MARTIN RUDBECK JEPSEN1,
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Sustainable land-use systems (SLUS), such as agroforestry with cocoa, implemented
with organic fertiliser, with prescribed post-harvest practices and rainwater irrigation,
can potentially increase farm productivity, while reducing pressure on natural re-
sources by decreasing deforestation and providing legitimate incomes for rural house-
holds. SLUS also contribute to peacebuilding by providing sustainable income sources
and enhancing social cohesion. Despite evidence of their potential and global efforts
to promote their use, SLUS adoption rates remain low. Building on traditional ex-post
generic adoption studies, we identify the enabling factors for farm-level transitions
to SLUS in Colombia to propose policy design that will boost SLUS adoption in ar-
eas that are conflict affected and exposed to deforestation. We surveyed a sample of
922 cocoa producers in conflict-affected areas prone to deforestation. To reveal SLUS
adoption factors, we (i) classified farmers according to number of sustainable meth-
ods applied; (ii) estimated an ordered probit econometric model; and (iii) assessed
existing policies to promote cocoa production systems in Colombia, comparing their
alignment with the adoption factors identified. We find a mismatch between farm-
level adoption factors and policies promoting SLUS in Colombia. The principal factors
enabling farm-level adoption of sustainable cocoa production system depend on: (i)
cocoa plantation age; (ii) technical assistance provided; (iii) farmers’ social networks;
and (iv) farmer-to-farmer interaction. National policies to promote sustainable cocoa
are mostly oriented towards (i) renewing and rehabilitating established farming areas
(directly related to crop age); (ii) expanding cocoa agroforestry systems; and (iii) es-
tablishing zero-deforestation cocoa production agreements. Our results indicate that
to achieve wide-scale SLUS adoption, policies should focus on: (i) capacity building
through technical assistance and strengthening farmers’ associations; (ii) strengthen-
ing social network structure to generate cascading information and social interactions
between producers, and knowledge sharing; (iii) land-use conversion instead of ex-
pansion, for example from pastures to cocoa.
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Toward zero deforestation value chains: environmental
upgrading and downgrading among non-certified cocoa

producers in Colombia
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1University of Copenhagen, Dept. of Earth Science and Nature Management, Denmark
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Global pressure to make value chains less damaging to the natural environment, a
process known as environment upgrading, has been building in recent years. Most
studies that assess environmental upgrading have focused on the compliance of sup-
pliers, which would be farmers in the case of value chains involving agrifood com-
modities, to sustainability certification standards. Our case study focusing on cocoa
producers inColombia explores an under-investigated topic in environmental upgrad-
ing — that of whether sustainable practices of non-certified farmers facilitate zero-
deforestation value chains. Using data from 930 randomly sampled households in
the Colombian departments of Caqueta and Cesar, we examined the association of
non-certified sustainable practices, i.e., processes that benefit the environment which
farmers undertake on their own and not because of adherence to sustainability cer-
tification criteria, with reforestation and deforestation: A positive association of the
practices with the former suggests environmental upgrading, while with the latter
would be environmental downgrading, which denotes negative environmental out-
comes from the process of environmental upgrading. We also assessedwhether or not
there are significant differences between mean deforestation and reforestation rates
between certified and non-certified cocoa producers in both departments. Based on
statistical tests, we found that (a) non-certified sustainable practices can facilitate en-
vironmental upgrading and discourage environmental downgrading but only in some
cases, and (b) there is no significant difference in mean deforestation rates between
certified and non-certified surveyed cocoa producers, but there is a significant differ-
ence in mean reforestation rates between the two groups of producers. These results
suggest that implementing non-certified sustainable practices poses another way to
enable value chain actors to meet the requirements in markets seeking sustainably
produced commodities. One such market is that of the European Union, whose leg-
islation on deforestation-free commodities makes certification an optional rather than
compulsory process to support the prescribed procedure on diligence procedure.

Keywords: Agroforestry, environmental downgrading, environmental upgrading, sus-
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Promoting environmentally and socially responsible global
supply chains

LAURA KRINGS, LIOBA SCHWARZER, ELKE MANNIGEL
OroVerde - Die Tropenwaldstiftung, Germany

Biodiversity conservation and climate change migitation are main challenges for the
safeguarding of livelihoods and human security and the functioning of the world’s
ecosystems. Forest conservation and restoration make a remarkable contribution, re-
garding their importance for valuable ecosystem services and global carbon storage.
Planting trees has become a popular and seemingly easy medium to implement this
approach. However, it has become clear that planting trees is not a panacea since de-
forestation is still too high, due to the ongoing lack of incentives in the global economy.
OroVerde - Tropical Forest Foundation provides a holistic view on forest conserva-
tion and restoration and identifies ways to make our way of life environmentally and
socially more responsible. In this sense, global supply chains are one important fo-
cus: Many products consumed in Europe (e.g. coffee, cocoa, palm oil) come from
tropical countries while their cultivation is one of the main deforestation drivers. Two
upcoming policy instruments address the problem in the EU: the EU-Deforestation
Regulation and the Corporate Sustainability Due Diligence Directive. However, these
regulations raise challenges for both smallholder farmers and companies.
OroVerde uses multiple levers to tackle this problem: at the local level, the work‘s fo-
cus is on smallholder farmers in Central America. Strengthening policy frameworks,
improving access to financing, and providing organisational development of farmer
associations facilitates market access, even to Europe, to farmers with sustainable pro-
duction methods contributing to the restoration of ecosystems, rather than to defor-
estation. The main goal ist to foster incentives to conservation in producer countries.
On the private sector level in Germany, the focus is on awareness and transition in
companies. By the means of an online platform „ELAN“, companies are supported
on how to eliminate deforestation from their supply chains, thus implement the reg-
ulations, but at the same time benefitting smallholder farmers and contributing to a
sustainable global economy. By conducting advocacywork, influence is exerted on the
design of the laws in order to make them more environmentally and socially compati-
ble, respecting the requirements of stable ecosystems, the rights of indigenous people
and local communities and the livelihoods of smallholder farmers.
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Narratives for the sustainability of agri-food systems in
Ecuador: Understanding their divergences, similarities, and

complementarities to catalyze transformative change
TATIANA RODRIGUEZ, HEIDI WITTMER

Helmholtz Centre for Environmental Research (UFZ),Dept. of Environmental Politics,
Germany

Due to the expansion of large-scale and export-oriented agriculture and the depletion
of ancestral knowledge, Ecuadorian agri-food systems are facing vicious cycles of en-
vironmental and social impacts that jeopardise their potential to ensure food and nu-
tritional security for the growing population and contribute to global food production
without depleting the natural and social capital. Transforming unsustainable agri-
food systems requires alternative narratives to the status quo. Narratives are defined
as storylines underpinned by frames to define problems, diagnose causes, and suggest
solutions. In this sense, an analysis of narratives is critical to problematizing these vi-
cious cycles within agri-food systems and identifying potential solutions. Therefore,
this study aims to analyse the narratives of multiple stakeholders around the sustain-
ability of the agri-food systems in Ecuador, to identify divergences, similarities, and
complementarities among their underlying frames. The study employs the discursive
agency approach (DAA), which has a particular focus on actors and their agency.
The study is reviewing policy documents and conducting semi-structured interviews
with key stakeholders from Ecuador whose work is related to the production, trans-
formation, commercialisation, or consumption of agricultural products. The data are
coded into the categories provided by the DAA.
Two narratives have been distinguished based on preliminary analysis. One could be
labeled neoliberal sustainable agri-food systems, which problematizes the current cri-
sis as a lack of knowledge and innovation. According to this narrative, access could
be granted through capacity building, investment, and/or bank loans, and the costs
and risks of transition are addressed through contract farming or international certi-
fication. The other could be called local-oriented and culturally-embedded agri-food
systems, which see the problems as a result of the colonial past, marginalisation, un-
equal access to land, and depletion of local knowledge. Under this narrative, access
to healthy and nutritious food is put at the centre through solidarity economies, local
markets, and trust-based certification. Although there is some overlap between the
two narratives, the emphasis is quite different as the second goes well beyond chang-
ing the way food is produced, but also the way it is consumed. Both narratives involve
different actors as agents of change and call for different institutional settings.

Keywords: Food security and nutrition, narratives, sustainable agri-food systems,
transformative change
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Analysing cacao productivity in agroforestry systems through
the lens of social-ecological interactions: A comparison of

two municipalities in Colombia
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Social ecological systems (SES) are composed of multiple ecological and so-
cial subsystems that continuously interact. The concept of complexity is em-
bedded within their definition for which they are often regarded as complex
adaptive systems (CAS). Cacao agroforestry systems (CAFS) are an example
of SES, as they promote multiple interactions between cacao crop (Theobroma
cacao) and ecological entities (wood, fruit, or cover species). CAFS provide
a range of benefits such as habitat for biodiversity, and income for farmers.
Therefore, they are a sustainable alternative to produce cacao, an important
commodity for global trade and consumption. In Colombia, cacao is pro-
duced for the domestic market and has been managed by smallholder farm-
ers under agroforestry systems, which counterbalances an expanding agricul-
tural frontier that causes deforestation. But Colombian farmers often struggle
due to a poor infrastructure, technical assistance, vulnerability to armed con-
flict, and face difficulties due to climate variability.
Therefore, understanding CAFS from a holistic perspective could support
their adequate dissemination. However, their inherent complexity has chal-
lenged their study and there is much research focused on the relationships
between specific components of the CAFS (percentage of shade, soils, pest
management) and their productivity, failing to account for the various di-
mensions of sustainability. The objective of this study was to identify and
analyse the socio-ecological interactions affecting CAFS productivity using
a complexity approach. We conducted in-depth semi-structured interviews
with 19 cacao farmers in two municipalities of Colombia: La Paz, and Belén
de los Andaquíes. The interviews were transcribed and codified using the
social-ecological action situation framework as a basis for data categorisation.
Subsequently, we calculated centrality metrics to identify the most important
interactions influencing CAFS productivity.
Results revealed 168 interactions that influence the productivity of
cacao. In both regions, the interactions that have greater influence involve
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farmers, cacao, soil, and traders. Furthermore, cacao productivity is linked
to the ecological dimension through the interactions of soil-farmer and ca-
cao diseases-farmer. Finally, results corroborated that the social dimension
is fundamental for cacao productivity because actors like traders, and local
associations play an important role, because they influence the continuation
of agricultural activities which eventually shapes cacao productivity.

Keywords: Agroforestry, climate changemitigation, complex systems, peace-
building, scaling, sustainable agriculture

ID 567 173



Landscape and land use

Cocoa sustainable business models and poverty traps in rural
areas of Colombia
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Cacao agroforestry systems with an organic management plan are promising sustain-
able solutions for fostering climate change mitigation and peacebuilding processes.
Cacao crop in the country grows in regionswith contrasting socioecological problems.
According to ICCO, 95% of their exports are recognised as fine or aroma cocoa. De-
spite this feature, almost 80% of cacao production is purchased for a domestic market
and without any certification or as bulk cacao. The current cocoa business model is
dominated by middlemen who buy cacao beans in the pulp (en baba). This type of
business leads to a poverty trap. In that vein, assessing promising sustainable business
models and analysing poverty traps is crucial to the co-creating of economic profits,
and social and environmental benefits in rural areas of Colombia.
We used a two-phase mixed methods design in two regions with significant poten-
tial, although contrasting, to promote cacao, Caquetá, and Cesar. Firstly, deploying
a deliberative focus group methodology we did two regional discussion workshops
with the cacao growers (approx. 50 farmers) in these two regions. Through these
workshops, we analysed the consistency and effectiveness of a sustainable cocoa busi-
ness model. For this purpose, we presented the producers’ perspective on six sus-
tainability indicators: income, costs, yields, associativity, knowledge generation, soil
improvement, biodiversity, and robustness and stability in cocoa sales.
Secondly, we used a quantitative approach consisting of a household survey with 929
cacao growers inCaquetá andCesar to elicit the effects of the type of business and sales
channels on poverty and sustainability of cacao farming in these contrasting regions.
The dependence on the intermediaries plays a huge role in the household decision-
making process, as a result, it can determine whether the household falls into a cocoa
growing sales channel –sustainable agriculture trap or falls out of it.
Results showed that for producers fermentation and drying on the farm, organic farm-
ing practices, genetic material suitable for the region, proper water management, and
selling associatively to buyers involved in the development of more sustainable crop
systems is the way to achieve positive changes in income, costs, yields, biodiversity,
soils, and to overcome poverty traps.
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Agrobiodiversity, resilience and food system change in the
Andes
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The variability of species and varieties of food crops provides multiple pro-
visioning, regulating and cultural ecosystems services within mountain food
systems. The Andes are a well-known hotspot of crop, livestock, and wild
edible diversity used for consumption and sales. This agrobiodiversity, its
direct uses, and functions are affected by several changes and shocks, rang-
ing from migration, markets, pests and diseases to extreme climatic events.
The COVID-19 pandemic disrupted global, national and local food systems
in multiple ways. To understand how it affected the agrobiodiversity-food
nexus, we conducted a multidisciplinary assessment focusing on the produc-
tion and use of agrobiodiversity before and after the pandemic. Data col-
lection involved the same communities and households in 2017 and 2022 re-
spectively. The studywas conducted in theHuanuco highland region of Peru,
involving rural households with young children. The study involved exten-
sive assessments of agrobiodiversity, food intake and food environment in 3
distinct landscapes and 30 communities involving between 300 to 600 house-
holds depending on the method. Specific methods included participatory
mapping, plot-level species and varietal sampling, a structured survey, food
environment transects, a 24-hour dietary recall, focus groupmeetings, among
others. Here wewill present preliminary findings from the research and infer
upon the effect of the pandemic on the conservation and use of agrobiodiver-
sity. In parallel, we also explore the contribution of agrobiodiversity to the
adaptive capacity of rural households. The implications for social protection,
development and local food security programmes targeting vulnerable pop-
ulations will be discussed considering current national and regional policies.
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Breaking the mold: Gender dynamics and sustainable
agrifood systems adoption for low emission food systems

MARY EYENIYEH NGAIWI, JANELLE SYLVESTER, GEORGE AMANHUI
The Alliance of Bioversity International and CIAT, Colombia

Sustainable agrifood systems have the potential to significantly impact the livelihoods
of smallholder farmers in Cameroon. However, there is a gender disparity in the adop-
tion of these technologies due to various sociocultural norms and gender dynamics.
In 2020, 351 southern and eastern Cameroonian farming households were surveyed.
Gender roles, decision-making, and sustainable agrifood systems were studied using
a multistage random sample. The principal component analysis identified thirteen
sustainable agrifood systems used by farmers and grouped them into practices with
mitigation potentials, adaptation potentials, and soil conservation. Descriptive statis-
tics examined gender differences in farm and household decision-making. A multi-
nomial logit regression model (MNL) was used to examine how gender-based house-
hold decision-making affects farmer enrollment in sustainable agrifood systems. MNL
marginal effects coefficients were used to interpret the effects of independent vari-
ables on the sustainable agrifood systems enrollment, controlling for other factors and
allowing comparisons across variables. The results of the study reveal that women
play a significant role in the technical aspects of farming (64.4%) and take most deci-
sions regarding onfarm activities (70%). However, decisions regarding farm earnings
(81.4%) and farm technology (84%) are made by men. Household decision-making,
particularly by women, significantly (P≤ 0.001) influences the adoption of different
sustainable agrifood system packages. The use of practices with mitigation poten-
tial and soil conservation practices increased for households with decisions made by
females, while the use of practices with adaptation potential decreased. The study
emphasises the importance of extension services in encouraging farmers to use larger
(more than 3 practices) sustainable agrifood system packages. Education and land
ownership also positively (P≤ 0.05) influenced sustainable agrifood systems, partic-
ularly those with mitigation potential. Women have little decision-making power in
agricultural production, according to decision-making results. Thus, gender-equitable
agrifood systems adoption policies and programmes are needed to empower women.
Such efforts can increase agricultural productivity, economic empowerment ofwomen,
gender equity, and social justice.

Keywords: Adoption, climate change mitigation, equity, gender, intrahousehold
decision-making, sustainable agrifood systems
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Aiming for sustainability? An analysis of global commodity
chains of gold mining and cattle ranching in Colombia

BARBARA SCHRÖTER1, PAULA ANDREA SANCHEZ-GARCIA1, TORSTEN KRAUSE2,
LASSE LOFT1

1Leibniz Centre for Agric. Landscape Res. (ZALF), Germany
2Lund University Centre for Sustainability Studies (LUCSUS), Sweden

The extraction of resources such asminerals, oil and agricultural products has
serious social and environmental impacts. These include land grabbing, the
displacement of small farmers and indigenous communities, deforestation,
forest destruction and biodiversity loss. In recent years, consumers, govern-
ments and private companies have sought on responses to reduce the nega-
tive impacts associated with the production of mineral and agricultural com-
modities. Although rules and regulations on global commodity chains di-
rectly affect the actors involved in the chains these remain pretty abstract and
unknown.
Therefore, in this article, we examine the gold and cattle commodity chains
in Colombia. The aim is to identify the involved actors at different levels of
governance (local, national, international) that have power and resources to
shift to sustainable production. Based on Net-Map interviews, we map the
value chain process together with the actors and discuss opportunities and
barriers to improve the chains.
We show that the commodity chains of one and the same product are very
different and extremely complex. In Colombia, there are different forms of
mining and cattle ranching. In some of them, the shift towards sustainability
is more advanced than in others, depending on the level of land use conflicts
and the variety of actors involved. These different combinations of actors and
conflicts lead to different social problems and levels of violence. Opportuni-
ties to improve commodity chains necessarily have to improve people’s liveli-
hoods and peacebuilding issues. We discuss these findings and their impli-
cations and limits for new regulations, for instance the new EU deforestation
regulation.

Keywords: Actor mapping, cattle, global value chains, gold, informal institu-
tions, Putumayo
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Sustainable farm management practices for climate change
mitigation and livelihood improvement

AMAHNUI GEORGE AMENCHWI1, MANGA VERONICA EBOT2, TENING AARON SUH3
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Although soil microbial biomass (MBC) comprises less than 5% of soil or-
ganic matter, it responds rapidly to changes in soil management practices
and, therefore, is generally used as early indicators of changes in soil carbon.
The objective of this study was to evaluate the effects of tillage practices (con-
ventional tillage and no-tillage) and fertiliser types (synthetic, organic, and
no fertiliser) on soil MBC. The field experiment, located in Bue, Southwest
region of Cameroon. The experiment was carried out in a split-plot design
with three replications with tillage systems as main plots and fertiliser types
as sub-plots. Soil samples were collected at 0–15 cm depth at an interval of
4 (early season), 8 (mid-season) and 12 (late season) weeks during the 2020
and 2021 minor and major growing seasons respectively, for the determina-
tion of soil MBC by the chloroform fumigation and extraction method. The
findings of the study showed that the main effect of tillage practice and fer-
tiliser types was unsignificant (𝑝 > 0.05) in the 2020 and 2021 study season
throughout the sampling period. Plots under zero tillage with control exper-
iments (No.Till:CON) recorded the highest soil MBC in the 2020 season (201
kg−1 respectively) while in the 2021 season, plots under zero tillage with or-
ganic fertilisation (No.Till:ORG) recorded the highest (400.4 mg kg−1) soil
MBC. Soil MBC was higher in the 2021 season than in the 2020 season. These
findings suggest that the use of compost in combination with either conven-
tional tillage or no-tillage in farms in the study area could potentially enhance
soil MBC.

Keywords: Carbon sequestration, climate change mitigation, fertiliser types,
microbial biomass carbon, tillage practice
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Resilience to climate shocks among rural households in
Nigeria

OYEBISI OLATUNJI OLAJIDE, ADEOLA OLAJIDE, BOLARIN OMONONA
University of Ibadan, Dept. of Agricultural Economics, Nigeria

Determining resilience to climate shocks could help to improve the livelihood
of rural households, improve their farm production, and increase their abil-
ity to bounce back from the effects of climate change in a bid to contribute to
economic growth and sustainable development. Therefore this study exam-
ines the climate change effects and the level of resilience of rural households
to climate shocks in Nigeria. The study utilised Nigeria General Household
Survey Panel Data (GHS-P) from the Living Standard Measurement Survey-
Integrated Survey of Agriculture (LSMS-ISA) of 2010/2011 and 2018/2019
with a sample size of 2800 rural households. Descriptive statistics, ordered
probit model, and Multiple Indicators Multiple Causes (MIMC) were used
for data analysis.
The socioeconomic characteristics showed that there were more male-headed
households than female counterparts with an average household size of 6.
The mean age is 49 years which implies that the majority of household heads
are still within the productive stage of their lives where 41% have no formal
education. The descriptive statistics revealed climate shocks affecting rural
households in the study areas are 1.21% destruction of harvest by fire, 5.32%
dwelling damaged/demolished, 25.21% poor rain that caused harvest fail-
ure, 21.64% flooding that caused harvest failure, 10.57% pest invasion that
caused harvest failure or storage loss, 6.50% loss of property due to fire or
flood, 2.18% loss of land and 27.36% death of livestock due to illness. The re-
silience index examined using MIMIC model showed that 52.96% were least
resilient, 34.68% less resilient and 12.36% most resilient to climate shocks in
the study areas. The results of the ordered probit show that education, de-
pendency ratio, age, marital status, and social capital are significant variables
that affect the level of resilience of rural households. Climate shocks demon-
strate the urgent need for effective adaptation strategies to mitigate and man-
age the risks associated with climate change-induced shocks. Formal educa-
tion should be more enhanced among rural households to strengthen their
resilience capacity to overcome the negative impacts of climate change. It is
also crucial to address climate challenges through policies and actions that
prioritise resilience and sustainable development.

Keywords: Climate shocks, livelihoods, Nigeria, resilience, rural households
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Pollinating insect communities in livestock farming
landscapes with silvopastoral systems in the Amazon region

of Colombia
KAREN CASTAÑO QUINTANA1, JULIÁN CHARÁ2, MARTIN DALLIMER3,
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3University of Leeds, School of Earth and Environment, United Kingdom

Habitat loss is responsible for much of the global decline in biodiversity. Em-
ploying food systems that use sustainable practices in food production with-
out endangering natural ecosystems is vital to halt biodiversity loss. Imple-
menting silvopastoral systems in areas where livestock is already established
could underpin improved food security, reduce land use change, minimize
climate impacts, and contribute to biodiversity conservation. Here, we evalu-
ate the role of two widely used silvopastoral systems - scattered trees in pas-
ture and tree alleys - on pollinator diversity in the livestock-dominated Ca-
quetá region of Colombia. We also evaluated forest patches and conventional
livestock systems. We sampled pollinators with pan traps and entomologi-
cal nets in four plots in 16 grids of 600 m x 600 m (a total sampling effort of
64 plots and 192 pan traps). We also evaluated vegetation composition and
structure, and plant-insect interactions. We collected a total of 4,881 individ-
uals of pollinating insects, comprising 600 morpho-species, 164 families, and
14 orders. The most abundant orders were Diptera (42.81% of all individu-
als), Hymenoptera (29.96%), and Lepidoptera (8.30%). We found scattered
trees in pasture sites had the highest abundance of pollinators. This system
also hosted more complex plant/pollinator networks (links per species, di-
versity of interactions) in comparison with tree alleys and conventional live-
stock systems. Dominant and very dominant pollinator species (Hill’s num-
ber = 2) predominated in conventional livestock systems while rare or scarce
pollinating insects were dominant in scattered trees in pastures and forests.
Our results highlight that silvopastoral systems can help to conserve Ama-
zonian plant and insect pollinator communities. Indeed, scattered trees in
pasture supported the highest richness and abundance of insects. However,
conserving remaining forests are important for holding unique pollinating
insect species and host the highest plant diversity.

Keywords: Colombian Amazon, conservation of biodiversity, livestock,
pollinators
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Nexus between climate change adaptation strategies and
poverty: Evidence from rural farming households in

Kwara State, Nigeria
IDOWU FASAKIN, MOBOLAJI ADEJOORIN, FONSAH ESENDUGUE

University of Ibadan, Dept. of Agricultural Economics, Nigeria
Climate change has continuously threatened the sustainability of food pro-
duction among rural farminghouseholds in sub-SaharanAfrica, coupledwith
the increasing number of individuals living in outrageous poverty. Thus, this
study empirically examined the relationship between climate change adapta-
tion strategies and rural households’ poverty in Kwara State, Nigeria.
Primary data collected with a well-structured questionnaire from six rural
communities was used for the study while, descriptive statistics, Foster Greer
and Thorbecke’s (FGT) poverty measure, and logistic regression were used
in data analysis. The study shows that there were more married males with
an average household size of 7 members within the rural households. The
majority of the farmers had no access to credit and were no longer in their
productive years with ages between 61–80 years. Furthermore, more of them
had only secondary education. The FGT analysis shows that the poverty line
of the rural farming household was 1143.63, and a higher percentage of them
were core-poor with only a minority who fell into the non-poor category.
Sex, age, years of education, annual farm income, farming experience, access
to agricultural information, and access to credit, being core and moderately
poor influence the adoption of the five Climate Change Adaptation Strategies
(CCAs) among the rural farming households as shown by the binary logis-
tic regression analysis. We concluded that rural farming households were
core poor and climate change adaptation strategies improved their well-being
level. Therefore, the government and development partners in agriculture
should focus on practical ways of disseminating better production systems
and CCAs to rural farming households. Also, credit support facilities should
bemade available to the farmers across ages, and continuous education of the
farmers on the appropriate CCAs that can be adopted in a particular locality
should be encouraged.

Keywords: Adaptation strategies, climate change, poverty, rural farming
households
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Telecoupled urban demand drives agro-ecological land use in
desert regions: New challenges for governing natural

resources
KIRA FASTNER1, ABDOUL KADER IBRAHIM MOHAMED2, SALOUHOU DJIBRILLA3,

ANDREAS BUERKERT1
1University of Kassel, Organic Plant Production and Agroecosyst. Res. in the Tropics
and Subtropics, Germany

2University of Agadez, Fac. of Agronomy, Niger
3School Principal, Emalawlé, Niger

A shift from subsistence-based to agricultural market production in remote oases at
the southern fringe of theWest African Sahara is particularly constrained by the avail-
ability of fertile land and quality irrigation water. While large demands of rapidly
growingmarkets for specialty crops such as onion (Allium cepaL.) andpotato (Solanum
tuberosum L.) in West Africa’s cities lead to a booming agricultural frontier in the
South-Sahara, harsh environmental conditions in the Aϊr Mountains of North-Niger
determine the extent of land use for cash crop production and therefore income gen-
eration of the local population. Oasis agriculture may thus serve as an example for
how farmers struggle for access to scarce common resources, whose overuse leads to
a direct threat for the survival of a whole community, a phenomenon well known as
the tragedy of the commons. Based on 70 year old colonial photographs, remote sens-
ing analyses of satellite images, and field data collection between 2021 and 2023 in two
small-scale oasis systems onMont Bagzam and Timia, this study analyses (1) land use
change in the oases between 1950 and 2023, (2) falling groundwater levels determined
by topography and increasingwater consumption for the production of cash crops, (3)
the importance of communal management of natural resources, and (4) the potential
of agroforestry and integrated crop-livestock management for sustainable intensified
land use and new livelihood opportunities. Oasis systems on the mountain plateau
of Mont Bagzam undergo highly dynamic changes towards irrigation-intensive cash
crop production of onion, garlic (A. sativum), and potato leading to a five-fold incre-
ment in the cultivated land area between the 1950s until today, water shortages, and
increasing abandonment of small-scale oasis gardens. Contrary, oasis gardens in the
valley bottomof Timia, which have tripled in size over the past 70 years, constitutewell
managed agroforestry systems generating income from the sale of diverse crops such
as wheat (Triticum aestivum L.), potato, citrus (Citrus L.), and pomegranate (Punica
granatum L.) and serve as an example for sustainable and commonly governed agri-
cultural production systems under difficult environmental conditions.

Keywords: Agro-pastoral systems, globalisation, land use change, natural resource
management, rural-urban transformation
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Assessment of intertemporal changes of land allocation to
CSA practices and associated institutional framework in

sub-Saharan Africa
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Compelling evidence in sub-Saharan Africa (SSA) shows that climate smart agricul-
ture (CSA) has a positive impact on agricultural productivity. However, the uptake
of CSA remains low, probably due to anthropogenic or human-related decisions but
also to the countries’ policy direction concerning CSA practices. This paper assesses
the households’ decisions to allocate agricultural land to CSA technologies in spatial
and temporal scales, as well as the institutional and policy strategies susceptible to
promote the scaling of CSA practices among households. We use the state-contingent
theory and mixed methods to analyse various primary and secondary data sources
from Kenya, Malawi and Uganda. The results show that household decision to use
CSA and the extent of agricultural land allocation to CSA remains low, with a neg-
ative trend over time in SSA. While agricultural land is increasing, forestland is de-
creasing across the target countries. Since the year 2000, the area under irrigation has
doubled in Malawi and increased by 50% in Kenya, while little change was observed
in Uganda. Owned land and access to land through rental markets were positively
associated with land allocation to CSA technologies, particularly where land pressure
is high. This was the case for Malawi, where 46.3% of land was allocated to CSA prac-
tices over the last 5 years, contrasting with the 10.3% over the same period in Uganda.
Soil control measures, use of organic manure and irrigation were common CSA prac-
tices between Kenya, Malawi and Uganda. Results also show that households expe-
riencing rainfall shocks in a crop dominated production system, such as in Malawi,
significantly (𝑝 < 0.05) allocate more land to CSA practices the following year with-
out increasing the extent of land allocation to CSA. The policy assessment at country
level suggests that adaptation (54%) is the focus of CSA strategies in SSA countries
(67% for Kenya, 50% forMalawi and Uganda). Therefore, scaling up CSA in SSAwill
require that agricultural-related policies to focus on access to land and the associated
effects on application of CSA practices at the household level across space and over
time.

Keywords: Agricultural policy, climate change adaptation, Kenya, land allocation,
Malawi, Uganda
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Earth observation is key for agricultural monitoring across large regions. Op-
erational agricultural monitoring schemes involve the mapping of agricul-
tural inputs, land management and/or crop types. Approaches developed in
consolidated agricultural systems in Europe or theUnited States, have limited
applicability in more heterogeneous systems. An example is crop type map-
ping which is challenged by the presence of inter-cropping, i.e., the simulta-
neous presence of multiple crops on a field, due to the high intra-field vari-
ability in crop types, growth stages and non-crop vegetation. Consequently,
regional-scale crop typemapping approaches in smallholder agriculturemostly
focus on specific crops and do not account for crop mixtures or double grow-
ing cycles. A combination of Sentinel-1 radar and multispectral Sentinel-2
time series was used to separate mono-cropping frommixed-cropping in het-
erogeneous maize-cassava farming systems across the lower Guinea Savan-
nah of southwest Nigeria. The region is characterised by high cloud cover
duringmuch of the growing season that affects non-cloud-penetrating Sentinel-
2 optical data, while it providesmuch richer spectral information than Sentinel-
1 radar data. Field data for the growing season 2022/2023 comprise 1,150
samples. Eight classes were defined indicating crop types, mixtures, and
growing periods (early maize, late maize, early cassava, late cassava, maize-
cassava, yam, rice, and other crops). Gap-free spectral-temporal features at
bi-weekly,monthly, and bi-monthly intervals for the growing season (Sentinel-
1) and the off-season (Sentinel-2) were pro-cessed in Google Earth Engine.
Random Forest models were trained to conduct experiments assessing the
suitability of the two sensors and the three temporal intervals. Results were
validated using k-fold cross-validation. The best model combining Sentinel-1
and Sentinel-2 at monthly intervals yielded a mean overall accuracy of 0.78
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(+/-0.08%) and median User´s and Producer´s accuracies above 0.60 for all
classes. Models using only radar data underperformed with mean overall
accuracies below 0.50 and models using only multispectral data had compa-
rable overall accuracies but lower class accuracies for the mixed classes. Our
approach demonstrates the potential of integrating radar and optical time se-
ries in cloud-prone regions with complex agricultural and forest mosaic land-
scapes involving mixed crops and thereby provides valuable information for
downstream assessments of crop production and yields.

Keywords: Crop mixtures, crop type mapping, maize-cassava
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Novel metrics to describe deforestation dynamics in global
commodity frontiers

MATTHIAS BAUMANN, ANA BUCHADAS, TOBIAS KUEMMERLE
Humboldt-Universität zu Berlin, Geography Department, Germany

Tropical deforestation is a major contributor to climate change and results in
the widespread degradation of ecosystem services, important for local com-
munities. A major cause of deforestation in the tropics is the expansion of
various forms of agriculture by diverse actors, resulting in highly heteroge-
neous and complex deforestation frontiers. Better understanding and char-
acterising these frontiers remains a major challenge for sustainability science.
Here, we present a novel way to describe frontier processes in deforestation
frontiers, and we showcase this for the South American Gran Chaco, a global
deforestation hotspot. Using satellite-based land cover time series and de-
cision trees we develop frontier metrics describing different dimensions of
frontier processes, including baseline forest, speed of deforestation, level of
activeness of deforestation, and the post-deforestation land-cover trajectory.
Our results show thatmore than 19.3million ha of woodlandswere converted
to agriculture 1985–2020, with clear distinctions of the proximate causes be-
tween the 1980s and 1990swhen ranching expansion drove deforestation, and
a period during the mid-2000s when cropland expansion was dominant. In
addition, we found that direct conversions to croplands occurred in form of
rapidly progressing frontiers, but the Chaco also contains many areas where
slowly progressing frontiers dominate andwhere forestswere initially cleared
for ranching before eventually being converted to cropping, highlighting the
need for considering post-deforestation land uses for better linking frontier
dynamics to the underlying processes. Our concept of frontier metrics pro-
vides a robust and transferable way to move away from describing time series
of land cover towards a deep process-understanding of processes in commod-
ity frontiers in the world’s tropical dry forests. Our approach can identify
high-level, recurring frontier types and can therefore be a step towards more
context-specific monitoring and policy responses to deforestation.
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Application of the DPSIR framework for the identification of
land use and land cover change drivers from forest to

agriculture in the dry woodlands of Northwestern Ethiopia
ASABENEH ALEMAYEHU MUNUYEE, ALEMTSEHAY EYASSU, ALEMAYEHU NEGASSA,

MULAT SHEBABAW
Ethiopian Forestry Development (EFD), Ethiopia

The drivers, pressure, state, impact, and response model was used in the dry wood-
lands of Burie and Jawi districts, Ethiopia, to assess the drivers, impacts, and potential
solutions of land use and land cover shifts from forest to agricultural. Two villages,
Sewatam and Kaba Abo in Jawi, and Gedam Lijamor and Fetam Seltom in Burie, were
chosen for their potential for land conversion from forest to agriculture. Data was
gathered through 343 household surveys, two focus group discussions, five key infor-
mant interviews, field observations, and literature reviews. In all areas, the primary
drivers of land use conversion from forest to agricultural were firewood gathering,
small-scale agriculture, and charcoal production. At Burie, population dynamics, set-
tlement, and increased agricultural demand are the key indirect drivers of change,
whereas at Jawi, livestock pressure or overgrazing and a lack of forest law enforce-
ment are the top three indirect drivers of change. The pressures of land use and land
cover changes for Burie are high demand for agricultural land (91.8%), overcrowding
of communal land (86.2%), and overgrazing of land (81.0%), whereas for Jawi, the
main pressures are high demand for agricultural land (97.3%), completion of com-
munal land (93.9%), and increased demand for forest products (87.2%). All of these
drivers and pressures contribute to land degradation, forest conversion, soil fertility
loss, poverty, high floods and droughts, poor water quality and availability, a scarcity
of wood for construction and fuel, as well as rural-to-urban migration. Local commu-
nities, governments, and non-governmental organisations responded to the effects by
diversifying their livelihoods and raising awareness. The use of policies and laws to
manage impacts was determined to be inadequate. Land use and land cover changes
in the study areas were demonstrated to have a major impact on biodiversity, land,
water, and community livelihoods. The drivers and impacts could get worse as a re-
sult of the observed increase in climate change and population growth if responses are
not made accordingly. As a result, it is important to expand interventions such as re-
source conservation, livelihood diversification, agricultural intensification, awareness
creation, land use policy consideration, and law enforcement

Keywords: DPSIR, drivers, Ethiopia, land use land cover
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How to increase the benefits of soil carbon projects for
smallholder farmers? A case study from Kenya

FIONA HASENBACH, ATHENA BIRKENBERG, CHRISTINE BOSCH, MANUEL DÍAZ,
REGINA BIRNER

University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

Future and current agricultural activities rely heavily on the fertility of soils. Imple-
menting Sustainable Agricultural Land Management (SALM) practices as promoted
in soil carbon sequestration projects target the increase of soil organic carbon (SOC)
stocks in agricultural soils. Due to the wide-ranging positive effects of increasing car-
bon contents in soils, soil carbon sequestration projects have been the focus of devel-
opment initiatives in the recent decade to supply carbon credits. Such projects have
complex organisational structures, long durations (20 years) and multiple actors in-
volved, ranging from farmers to project implementers and carbon buyers. Smallholder
farmers who implement SALM practices for the issuance of carbon certificates make
up the majority of project participants. However, they are largely underrepresented
in project design, monitoring and evaluation, and benefits for smallholder farmers
are rather limited and active participation is low. The long-term motivation and in-
volvement of smallholder farmers implementing SALM practices which are crucial
for the legitimacy of the carbon credits issued, has received minimal attention in re-
search. This study investigates the potential of farmer participation in data collection
for monitoring of soil carbon projects and how the related benefits can be increased
for participating smallholder farmers. The case study employs the process net-map
method, qualitative interviews, focus group discussions, and the cellphilm and pho-
tovoice technique, to get deeper insights into an ongoing soil carbon project, theWest-
ern Kenya Carbon Project. Two strategies for increasing benefits have been identified:
a) Participatory monitoring involving farmers in data collection and monitoring for
soil carbon projects. This ensures the required data collection formonitoring purposes
andmay contribute to a deeper understanding and ownership of the carbon project by
participating farmers. b) Sharing collected data with farmers to provide feedback on
their farming performance. This can be achieved by project implementers using the
data as a basis for tailor-made capacity building and customized extension and advi-
sory services. The results could help policymakers, donors and project implementers
to design more inclusive monitoring systems for soil carbon projects.

Keywords: Capacity building, development projects, participatory monitoring, soil
carbon project
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Agro-ecological effects of terrestrial sand mining in Accra
metropolitan area, Ghana

KATHARINA HEMMLER, ANDREAS BUERKERT
University of Kassel, Organic Plant Production and Agroecosyst. Res. in the Tropics
and Subtropics, Germany

Sand, being themain component of concrete, constitutes the skeleton of every
city in ourmodern civilisation. Even though sand is a non-renewable resource
in human timescales, it is mined globally at exorbitant scales from rivers, ma-
rine and terrestrial deposits, constituting the second most consumed natural
resource after water. Increasingly, sand and its extraction draw media and
scientific attention. But while global research focusses on open pit and river
sand mining in Asia and the Global North, data on terrestrial sand mining
in sub-Sahara Africa (SSA) are very limited. Ghana, like elsewhere in the re-
gion, is experiencing a high rate of development related urbanisation, leading
to resource extraction far beyond its natural replenishing rate by weathering
and natural erosion / deposition. This study focuses on Accra, Ghana’s polit-
ical, economic and cultural capital where sandmining, or locally called “sand
winning”, is most predominant. The source of sand is farmlands in the peri-
urban and rural areas reaching up to 60 km from the city centre leading to so-
cial and environmental problems such as land degradation, loss of farmlands,
and food and water insecurity. Since Accra also depends on the surrounding
rural areas for food production, sand mining and agriculture are rivals in the
competition for land. This study comprises qualitative and quantitative inter-
views as well as soil analysis to (i) determine the effects of sand mining on
agricultural productivity and farming incomes, (ii) assess the effect of sand
mining on soil fertility through a comparison of physical, chemical, and bio-
logical parameters of mined and unmined fields, and (iii) determine positive
and negative effects of sand mining on the livelihoods of mining communi-
ties.

Keywords: Environmental impacts, illegal, natural resource extraction,
urbanisation, West-Africa
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Factors affecting the transition to the long-rotation
plantations of smallholders. A case study in Quang Tri

province, Central Vietnam
HIEN VO THI HAI, LA THI THAM, HAN DOAN THI

Vietnam National University of Forestry, Vietnam
In Vietnam, plantation forests serve as an important source to sustain the ma-
terial supply for the wood-based sector, especially after the restriction of tim-
ber harvests from natural forests in 2014. Approximately half of the plan-
tation forest area is currently under the management of smallholder house-
holds. Of the cultivated species, the Acacia hybrid (Acacia auriculiformis ×
Acacia mangium) is one of the most important due to its suitability for lo-
cal conditions, early benefits and low upfront investment. The Acacia hybrid
plantations contribute to smallholders’ diversification strategy which enables
them to reduce farm risk, increase income, and enhance food security. Long-
rotation plantations, additionally, are anticipated as a potential manner to
mitigate climate change impacts. Despite that, the management practice of
small-scale timber producers is usually at a low level with the prevalence of
premature harvest. A comprehensive analysis of this sector, so far, is lacking.
This paper elucidates the key factors affecting the transition from the com-
mon premature harvest to the long-rotation plantation of small-scale timber
producers in Quang Tri province where the species has been cultivated for
approximately 30 years. 315 household heads were interviewed, following a
stratified random sampling approach. Binary logistic regression andBayesian
network models were used for data analysis. The findings were validated in
group discussions and expert interviews.
The results demonstrated the key determinants of smallholder households
for long-rotation plantation adoption including (i) the availability of capital
for investment; (ii) participation in FSC projects; (iii) assurance of seedling
sources; (iv) understanding on large-sized timber market; and (v) commu-
nity support. Recommendations promoting small-scale timber producers to-
ward amore sustainable timbermanagement practice, including long-rotation
plantation aswell as the role of the government, supporting organisations and
industry sectors in achieving these targets were delineated.

Keywords: Adoption, central Vietnam, long-rotation plantation, smallholder
households, sustainable development
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The best practices of royal project model on reducing hot
spots and pm 2.5 in northern Thailand

OLAYA SHEWCHENKO, JARUNEE PILUMWONG, KAMONTIP RAORAT,
ADIREK PUNYALUE

Highland Research and Development Institute (Public Organization) HRDI, Research,
Thailand

ThailandRoyal Project’s record clearly demonstrates that it was able to change
the highland communities from destitute and narcotic crops-dependent to
narcotic crops-free, self-reliant ones, even contributing to the countries overall
security and sustainability. As the successful of Royal Project Foundation de-
velopment model (RPF model) with adapted to be used for the development
of other highland areas for increase income and reduce smog from conven-
tional agriculture. Smog and PM 2.5 aremain problems of northern Thailand,
caused from burning residue in agricultural areas. The objectives were study
the implementation of the best practices of the Royal Project model to reduce
smog or hot-spot area and determined key factor of farmer change from con-
ventional to best practices agricultural systems, Data were collected 95% (66
samples) duration between 2020 to 2023 at Pang Dang Nai village, Chiang
Dao district, Chiang Mai, Thailand. The study were collected at Pang Dang
Nai village (Pa Laung minority group), 307 population and 64 household,
with altitude between 600–700m (MSL). The conventional agricultures are
field crops consist of maize, rice bean and cowpea. There were operated land
preparation by burning crop residue. The study found that four types of agri-
cultural systemswhile, field crop – fruit tree – green house – livestock systems
show highest income by 24,612 $/ha/year and less income in monoculture by
12,718 $/ha/year. The hot –spot in the decreased by 91.3 in 2022 compar-
ing to 2020. The key factors of changing were, 1) the promoting of the new
agricultural system from official staff such as supporting production factors,
providing training program, and promoting new management knowledge 2)
Quantity and quality of products. The results concludes that the RPF model
can be extended and further developed in other areas, which will lead to sus-
tainable development under the preservation of natural resources and the en-
vironment, as well as solving the problem of smog in the area for sustainable
agriculture on highland.

Keywords: Agricultural system, and smog, best practices in the Royal Project,
highland
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Mapping crop types and cropping systems in Nigeria with
sentinel-2 imagery

ESTHER S. IBRAHIM1, PHILIPPE RUFIN2, LEON NILL1, BAHAREH KAMALI3,
CLAAS NENDEL1, PATRICK HOSTERT1

1Leibniz-Centre for Agric. Landscape Res. (ZALF), Germany
2Humboldt-Universität zu Berlin, Geography Department, Germany
3University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany

Reliable crop-type maps from satellite data are an essential prerequisite for quanti-
fying crop growth, health, and yields. However, such maps do not exist for most
parts of Africa, where smallholder farming dominates. Prevalent cloud cover, small
farm sizes, and mixed cropping systems pose substantial challenges when creating
crop-type maps for sub-Saharan Africa (SSA). There is accordingly the need to ex-
plore remote sensing data more rigorously and to develop methodologies for detect-
ing and mapping crops. We here suggest a mapping scheme based on freely avail-
able Sentinel-2 A/B (S2) time series and very high-resolution SkySat data to map the
main crops, maize and potato, and intercropping systems including these two crops
for the main crop production region of Nigeria, Jos Plateau. We analysed the spectral-
temporal behaviour of mixed crop classes to improve our understanding of inter-class
spectral mixing. Building on the Framework for Operational Radiometric Correction
for Environmental Monitoring (FORCE), we preprocessed S2 time series and derived
spectral-temporal metrics (STM) from S2 spectral bands for the main temporal crop-
pingwindows. These STMswere used as input features in a hierarchical random forest
classification. Our crop type mapping resulted in the first wall-to-wall crop type map
for this key agricultural region of Nigeria and achieved an overall accuracy of 84% for
crop/non-crop discrimination, and 72% for the five most relevant crop classes. Maize
is the dominant crop, followed by mixed cropping systems, including maize–cereals
and potato–maize cropping; potato was found to be the least prevalent class. About
48% of the mapped classes of interest are intercropped, further revealing the implica-
tion of intercropping in smallholder regions. Plot analyses based on a sample of 1,166
individual fields revealed largely homogeneous mapping patterns, demonstrating the
effectiveness of our classification system also for intercropped classes, which are tem-
porally and spatially heterogeneous. Moreover, we found that small field sizes (75%
of fields smaller than 1 ha) were dominant in all crop types, regardless of whether or
not intercropping was used. Our study offers guidance for creating crop-type maps
for smallholder-dominated systems where intercropping is prominent, which are pre-
viously lacking. Mapping intercropped classes will provide better yield estimates for
smallholder regions.

Keywords: Spectral-temporal metrics, classification, intercropping, maize, potato,
random forest, SkySat, smallholder agriculture, sub-Saharan Africa, time series
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User-centred agricultural drought monitoring: Integrating
multisource remote sensing data for effective decision

making
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Monitoring agricultural systems is essential for ensuring sustainability and achiev-
ing sustainable development goals. Achieving this requires understanding how cli-
mate extremes and field management practices impact crop yields in a spatio tempo-
ral explicit and scalable way. To address this challenge, we propose an approach that
leverages the increasing availability of freely accessible earth observation (EO) data to
monitor changes in abiotic stressors in croplands accurately and frequently by tracking
subtle changes in time series. Our approach focuses on developing cloud-based pro-
cessing algorithms that enable the accurate and spatially explicit analysis of drought
hazards and impacts using remotely sensed images. For this, several datasets includ-
ing time series from 20-meter Sentinel-2 optical images, and 10-meter Sentinel-1 radar
data are used for the national scale analysis in Kenya, where exceptional multi-season
droughts were observed in recent years. In addition, drought-relevant agricultural
information is derived, such as high-resolution crop management data, including ir-
rigation at a national level and localised information on cropping practices in pilot
areas. Our approach emphasises user engagement by actively engaging stakeholders
to identify needs and incorporate their perspectives into the data development and
validation process to ensure that the data is tailored to end users needs.
Our innovative approach to drought monitoring using EO data and agricultural in-
formation development enables more precise monitoring of drought conditions and
crop status, facilitating better decision-making and targeted interventions in drought
affected areas. By providing relevant and up-to-date information to stakeholders and
policymakers, our approach can aid in developing effective droughtmanagement stra-
tegies and policies.

Keywords: Cloud computing, drought, earth observation, Kenya, Sentinel

Contact Address: S. Mohammad Mirmazloumi, Leibniz Centre for Agricultural Land-
scape Research (ZALF), Eberswalderstraße 84, 15374 Müncheberg, Germany, e-mail:
sm.mirmazloumi@zalf.de

198 ID 590



Agricultural landscape and land use change — Posters

Transfer learning for smallholder field delineation and field
size estimation in sub-Saharan Africa

PHILIPPE RUFIN, PATRICK MEYFROIDT
UCLouvain, Earth and Life Institute, Belgium

Agricultural monitoring based on Earth observation is challenging in tropical small-
holder landscapes, due to the spatially fragmented and dynamic nature of the agri-
cultural systems leading to region-specific and diverse portfolios in terms of crops,
productivity, and land management. These complexities are particularly prevalent
in sub-Saharan Africa (SSA), where a large fraction of the agricultural land is man-
aged by semi-subsistence smallholder farmers, which operate under constrained ac-
cess to capital and inputs. As a consequence, the spatial distribution of agricultural
fields, field sizes, crop types, and productivity remains an empirical blind spot for
most parts of SSA. In this study, we combine state-of-the-art deep learning models
with very-high spatial resolution satellite imagery to produce accurate delineations
of individual smallholder fields. We make use of transfer learning by fine-tuning
deep learning models trained in France and India for use in northern Mozambique
and southwest Nigeria. We experiment with different strategies for fine-tuning mod-
els across regions based on human-annotated training data and investigate options
for self-supervision to facilitate model transfer while reducing reference data require-
ments. We test the performance of pre-trained and fine-tuned models for object-level
field delineation and site-level field size estimation based on the median intersection
over union (mIoU) and mean site-level RMSE (mRMSE), respectively using indepen-
dent reference data.
Our results indicate i) good performance of the pre-trained model in both field delin-
eation (mIoU: 0.699) and field size estimation (mRMSE: 0.071 ha), ii) consistent per-
formance improvements for all fine-tuning experiments compared to the pre-trained
model (mIoU increases: 0.045–0.058, mRMSE decreases: 0.008 ha–0.031 ha), reveal-
ing substantial improvements achieved by regional fine-tuning, and iii) comparable
performance increases for supervised and self-supervised approaches, with low dif-
ferences in object-level (ΔmIoU: 0.014 ), and site-level performance scores (ΔmRMSE
0.017), indicating a great potential for self-supervised transfer learning in reducing
reference data requirements. This study presents a stepping stone for overcoming the
persisting data gaps in smallholder agriculture of SSA by producing detailed field de-
lineations at scale, which support field-level crop type and yield estimation, and allow
for field size estimation in smallholder regions.
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Intrinsic drivers of land abandonment in Africa: A case study
of Nigeria

OLUWASEYI OLASOJI, MIROSLAVA BAVOROVÁ
Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences - Dept. of
Economics and Development, Czech Republic

Land abandonment is a burgeoning global phenomenon, with increasing interest not
only in its causes, but also in its implications for global food security, the environment,
and ecosystems. Much research, particularly in Europe, Asia, andNorth America, has
focused on and highlighted the broad extrinsic drivers of land abandonment. How-
ever, there is limited research on this topic in Africa and much less on the intrinsic
drivers of land abandonment globally. This study examines both the extrinsic and in-
trinsic drivers of land abandonment in Africa, using Nigeria as a case study, focusing
on the behavioral aspects and how they influence the decision to abandon agricultural
land. Therefore, this research examines the role of place attachment in the decision to
abandon land. A multi-stage sampling design was used for this study. The first stage
involves randomly selecting 3 out of the 6 geopolitical zones in Nigeria; the second
stage involves randomly selecting 1 state from each of the selected geopolitical zones.
The third stage involves the purposive selection of 3 rural or peri-urban areas from the
respective local governments of the selected states, comprising 16 local governments.
The fourth stage randomly selects 50 farmers in each of the selected local governments,
totaling 450 respondents. Data were collected using a semi-structured questionnaire
and analysed using binary logistic regression models. Focus group discussions and
key informant interviews also provided further insights and qualitative data on the be-
havioural aspects influencing land abandonment. Temporary land abandonment was
prevalent in the study areas, characterised by the cessation of agricultural activities on
the land for some time to allow the land to rest or regain lost nutrients. Preliminary
findings from the data analysed show that both extrinsic variables (age, level of educa-
tion, farm income, number of crops grown, livestock, problems with flooding, access
to subsidies, practice of mechanised farming) and intrinsic variables (respondents be-
ing born in the community, respondents’ willingness to sell their land, problematic
experience of hiring labour and level of satisfaction with farming experience) have a
significant impact on the likelihood of abandoning their agricultural land.
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Combining crop-cuts with remotely-sensed weather data to
predict maize yields in sub-Saharan Africa
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Weather extremes increasingly threaten agriculture and food security, partic-
ularly in the Global South. In sub-Saharan Africa, where agriculture is dom-
inated by smallholder farming, extreme events such as droughts and heavy
rainfall frequently lead to production shortfalls that jeopardise local liveli-
hoods. We evaluated how weather patterns determine yield variability using
20,660 maize yield measurements recorded between 2016 and 2020 from six
countries (Kenya, Tanzania, Rwanda, Malawi, Zambia, Burundi). These so-
called crop-cuts are considered the gold standard for yield estimation because
they reflect actual plot-level harvests that are weighed and recorded accord-
ing to standardised protocols. We used the dates for seeding and harvest of
each crop-cut to specify the length of the growing season and calculated ex-
treme weather indices for each crop-cut-specific growing season from freely
available remote sensing products, including drought, heat, heavy precipi-
tation, and evaporative stress. We used random forests, a machine learning
algorithm that can handle collinearity among predictor variables and nonlin-
ear relationships with the response variable, to quantify the contribution of
weather to maize yields. Depending on the country, our out-of-sample pre-
dictions reach R2-values of between 0.14 and 0.42, suggesting that weather ex-
plains up to almost half of the observed yield variability in some regions. This
study advances the insights into assessing the effects of extreme weather on
smallholder yields with machine learning. Our results can inform the devel-
opment of tailored adaptation measures such as local index insurance prod-
ucts and ultimately contribute to improving regional food security in light of
accelerating climate change and increasing risk for future extreme weather
events.

Keywords: Climate change, crop-cuts, extreme weather, machine learning,
yield prediction
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Owning the land, but at what cost? Changes in power
relations and land accumulation in cattle ranching in wartime

Colombia, 2001–2012
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Given the length of the conflict and multiplicity of actors embedded in the Colombian
war, it becomes necessary to understand the impact that violence, displacement and
dispossession have amongst rural producers and in the agroeconomic sector in gen-
eral. The struggle for land tenure, the management of natural resources, and the eco-
nomic and social centrality of cattle ranching for various armed actors, are therefore
vital aspects to consider in understanding the effects of the conflict in rural Colom-
bia. Important contributions have been made, shedding light on the nature of war in
Colombia and its negative societal effects, as well as a vast theoretical corpus has been
established on the importance of livestock, not only for producing families, but also
for rural elites and other active agents of armed confrontation. However, in addition
to the already known effects, both of war (such as dispossession, displacement, loss of
social order, poverty, etc.), and the role of livestock in it (as a means of financing con-
frontation, among others), the information available in Colombia suggests that other
important and unexpected changes take place in land tenure, especially for women
farmers. This research thus delves into the transformations in the ownership of agri-
cultural production units (UPA) dedicated to livestock production during the escala-
tion of conflict in Colombia (2001–2012), to understand the relationship between war
and societal dynamics of land tenure through a quantitative approach. Available data
indicates that dynamics such as displacement, increasing violence rates and territorial
instability contribute, at least to a certain extent, to transforming family dynamics and
patterns in land tenure and administration. This is relevant not only for understand-
ing the complexity of women’s roles and functions within livestock farming, and for
the analysis of their contingent agency in war contexts, but also contributes to a larger
narrative on the unexpected outcomes of a longstanding war. Here we revisit the nar-
ratives about the role and participation of women in conflict and in livestock farming,
while also exploring the circumstances in which gender roles, family relations and
land ownership can shift.

Keywords: Armed conflict, cattle expansion, gender roles, land tenure, panel data
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Effect of climate and land-use change on the structure and
diversity of woody vegetation – lessons from West Africa’s

woodlands
MAXIMUS ANOCHIRIM1, JAMES NANA OFORI2, AMANUEL GEBREMICHAEL2,

ANJA LINSTÄDTER2

1University of Greifswald, Inst. of Botany and Landscape Ecology, Germany
2University of Potsdam, Inst. of Biochemistry and Biology, Germany

In this scientific article, we investigated the effect of climate and land-use
change on the structure and diversity of woody vegetation in West Africa’s
woodlands, drawing important lessons from empirical studies and research
findings. Land-use change in terrestrial ecosystems plays a vital role in many
global change processes and consequently, has a significant effect on biodi-
versity and ecosystems. In addition to changes in how land is being used,
human-induced climate change in the last century has exacerbated the im-
pact of these pressures. We examined the complex interactions between cli-
mate change, land-use change, and woody vegetation dynamics, by asking
the following research questions: i. Are effects similar or do they differ across
different land-use types? ii. Are effects similar or do they differ across differ-
ent climatic zones?
Sampling was done from March to June 2022 (3 months) in random plots es-
tablished in Forests, Fallows, andCroplands (representing different gradients
of anthropogenic changes in Land-use) and in two major ecological zones of
Ghana: Moist Semi-deciduous and Dry Guinea Savannah zones (represent-
ing a steep climatic gradient). We established a total of 60 plots, with each plot
measuring 50× 50 sq.m, and collected data on all woody species foundwithin
them (dbh, height, taxonomic identification, and other parameters tomeasure
their functional traits). We used size-class distributions (SCDs) and a range
of diversity measures to analyse the structural composition, taxonomic and
functional diversity of each land-use type.
Our synthesis of current knowledge provides important insights for policy-
makers, conservation practitioners, and field researchers working on ecolog-
ical and environmental challenges. Furthermore, it contributes to our un-
derstanding of how these ecosystems may respond to future environmental
changes and inform strategies for their sustainable management and conser-
vation
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Visible and near-infrared spectroscopy for agricultural soil
analysis using alternative data preprocessing and wavelength

selection
NATCHANON SANTASUP1, PARICHAT THEANJUMPOL2, NUTTAPON KHONGDEE3

1ChiangMai University, Dept. of Plant and Soil Sciences, Fac. of Agriculture, Thailand
2Chiang Mai University, Postharvest Technology Research Center, Thailand
3Chiang Mai University, Dept. of Highland Agric. and Natural Resources, Thailand

Visible and near-infrared (VIS/NIR) spectroscopy has been widely utilised
to predict soil properties due to its rapidity, affordability, and environmen-
tal friendliness. However, the accuracy of predictions varied due to the re-
gions, soil pedological characteristics, and particularly site-specific practices.
Therefore, soil-specific predictivemodels should be developed to increase the
accuracy of the model. This study aimed to evaluate the effect of data prepro-
cessing and wavelength selection on the prediction of organic matter (OM),
total carbon (TC), and total nitrogen (TN) in agricultural soil using NIRs.
A total of 148 soil samples were randomly collected from different agricul-
tural areas in northern Thailand for soil chemical components i.e. OM, TC,
and TN analysis. The Walkley-Black method was used to analyse OM, while
TC, and TN were analysed by dry combustion technique. Soil samples were
then scanned forVIS-NIR (400–2500 nmofwavelength), NIR (700–2500 nmof
wavelength), and long-wave near-infrared (LWNIR) (1100–2500 nm of wave-
length). Five data preprocessing techniques were tested, including smooth-
ing (SMO), Saviizki-Golay derivatives (SGD), multiplicative scatter correc-
tion (MSC), mean centering (MC), and standard normal variate (SNV). Data
preprocessing techniques were combined with partial least squares regres-
sion (PLSR) and principal component regression (PCR). The performance of
the prediction was evaluated by the coefficient of determination (R2) and the
root mean square (RMSE). For a result, the best prediction was obtainedwith
the combination of SMO preprocessing and the PLSR model in 400–2500 nm
of wavelength. The R2P values of OM, TC, and TN were 0.83, 0.81, and 0.84
and RMSEp were 0.76, 0.47, and 0.04, respectively. This study demonstrated
that the model could be used as an alternative method for determining OM,
TC and TN in agricultural soil. However, large-sample populations and im-
proved model algorithms could further improve prediction.
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Leveraging earth observation and crop modelling for crop
condition monitoring and production assessment in Busia

County, Kenya
HARISON KIPKULEI1, FRANCIS OLOO2, PAMELA OCHUNGO2, STEFAN SIEBER1,

HUSSEIN FARAH2, GOHAR GHAZARYAN1
1Leibniz Centre for Agricultural Landscape Research (ZALF), Germany
2The Technical University of Kenya (TUK), School of Surveying and Spatial Science,
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Understanding the dynamics of agricultural productivity in highly heterogeneous
smallholder landscapes is critical for improving food and livelihood security. This
study presents an integration of cropmodelling and remote sensing approaches to im-
prove the understanding of crop conditions and assess the productivity of dominant
crops in Busia County in Kenya. Effectively, cropmodelling and remote sensing analy-
sis usingmulti-source and freely available earth observation data are proposed to clas-
sify the cropping systems in the region, predict yield, and assess the influence of cli-
matic stressors on crop production. The first step applies synthetic aperture radar data
from Sentinel-1 and optical imagery from Sentinel-2 to map crop types in the study
area. The classification is based on the existing crop type information from different
sources, which is harmonised for the study area and is used for pixel-level classifica-
tion using the random forestmachine learningmodel for the yearswhere the reference
data is available. The trained model is later used for the same years when the training
data is available and the following year for an early-season crop map. These maps,
along with meteorological forecasts, existing drought risk, and yield information, are
used to derive essential agro-climatic indicators. The output from the classification
process is further integrated into the simulation of maize production and assessment
of yield anomaly in the study area for a seven-year period in which observed yield
is available. For this, a parameterised and evaluated DSSAT-CERES-Maize model is
proposed to predict yields and assess yield anomalies at fine spatial and temporal
scales. The simulated dynamics of production across the study region are useful for
enhancing agronomic decisions and driving food security planning in the region. The
study highlights the value of integrating earth observation data and crop modelling
to enhance the understanding of smallholder agricultural productivity. The proposed
approach is scalable to other regions and relies on freely available data. Thus, it could
improve themonitoring of crop conditions andproductivity in data-scarce landscapes.
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Rural-urban transformation determines cropping patterns in
Morocco’s mountain oases

YOUNESS BOUBOU, KIRA FASTNER, THANH THI NGUYEN, ANDREAS BUERKERT
University of Kassel, Organic Plant Production and Agroecosyst. Res. in the Tropics
and Subtropics, Germany

Traditional oasis agriculture in Morocco, characterised by integrated crop-
livestock farming and sophisticated irrigation systems under difficult envi-
ronmental conditions ensuring soil fertility, biodiversity, and subsistence liveli-
hoods over millennia, undergoes highly dynamic changes. While wheat (Tri-
ticum vulgare L.) and barley (Hordeum vulgare L.) were mainly cultivated for
subsistence needs and fodder production on rainfed land, irrigated fields are
dedicated to different vegetables, maize (Zea mays L.), alfalfa (Medicago sativa
L.) and fruit trees, such as citrus (Citrus L.) and fig (Ficus carica L.). Cropping
patterns in oases, comprising crop rotations and mixed cropping of two or
three crops, are a key determinant for the systems’ sustainability. Rather than
by effects of climate change, the survival of Morocco’s mountain oases is in-
creasingly determined by rural-urban transformations, including out-migra-
tion of the local population to urban centres and decreasing economic impor-
tance of oasis agriculture. This study was carried out in Tizi N’Oucheg in the
High Atlas Mountains of Morocco and investigates (i) changes in cropping
patterns from 1990 to 2023 throughGIS-based analyses of satellite images and
drone-based surveys of different growing seasons, (ii) socio-ecological and
economic factors driving changes in cropping patterns, and (iii) transforma-
tion effects on soil fertility through soil sample analyses. Use of rainfed agri-
cultural land and terraceswithmultiple cropping patterns decreased in recent
years due to increasing market orientation, implying enhanced monocrop-
ping of specialty crops, such as potato (Solanum tuberosum L.) and onion (Al-
lium cepa L.) on irrigated land close to the village, as well as fodder produc-
tion for partly stable-fed livestock. Due to decreasing economic returns of
low-input cropping systems with relatively low yields, remittances from mi-
grated family members along with seasonal employment in cities serve as
main income sources for local households. Shifting cropping patterns and in-
creasing abandonment of agricultural land threatens soil fertility, sustainable
land management practices, and preservation of traditional knowledge.

Keywords: Crop-livestock systems, HighAtlas, multiple cropping, oasis agri-
culture, rural-to-urban, time series
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Land-use change within the western Amazon region:
Analysing spatial-temporal variations on forest structure

with remote sensing techniques
RAQUEL CAPELLA1, VALERIE GRAW2, DANIEL CALLO-CONCHA3
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Human population growth, along with the increase of global demand for raw mate-
rials and agricultural commodities has historically impacted the global tropics. In the
western Amazonian region, notably the market demand for Brazil-nut and later the
Seringa latex (destined to rubber production) have, during the second half of the XX
century, fueled large migration fluxes towards these remote and still sparsely popu-
lated forest areas. Currently, different vectors of occupation and land-use change exist
and vary in terms of type and intensity across the different countries of the region. In
this study, we analyse the trinational border shared by Brazil, Bolivia and Peru, which
constitutes a great example of how widely those scenarios might vary across a rela-
tively narrow geographic extent although being part of the same biome. We adopt
three conservation areas as study cases – namely Extractive Reserve Chico Mendes
(Brazil), Manuripi-Heath Amazonian Wildlife National Reserve (Bolivia) and Tam-
bopata National Reserve (Peru) – in which activities as tourism, extractivism of for-
est products, agriculture and large scale livestock farming differently affect the local
ecosystems. Here we aim to use remote sensing technologies to evaluate temporal
changes on the vegetation of the three sites, not merely in terms of gain or loss of
tree cover, but to assess the vegetation structure, which can then be used as a proxy
of ecosystem integrity/stability. To achieve this goal, we analyse and adapt the For-
est Structural Condition Index (SCI) proposed by Hansen and collaborators in 2019,
based on images captured by the satellites Landsat 7 and 8, as well as canopy height
data developed by the Global LandAnalysis &Discovery Lab (GLAD), and processed
using Google Earth Engine. The index, originally developed with the reference date
of 2012, will be updated with more recent data available for 2020, therefore allow-
ing analyses of temporal changes during the given timeframe. Such assessment aims
to provide a landscape-level understanding of the of the state of preservation of the
three sites, which is especially relevant on a perspective that considers, besides the
ecological sphere, the other components and actors that interact within a highly inter-
connected social-environmental-economical system.

Keywords: Amazon, forest structure, land-use change, remote sensing

Contact Address: Raquel Capella, RPTU Kaiserslautern-Landau, Environmen-
tal Sciences, Lina-Kössler-Strasse, 76829 Landau in der pfalz, Germany, e-mail:
capella.raquel@edu.rptu.de

ID 450 207



Landscape and land use

Converting natural forests to different coffee cropping
systems affects soil nitrogen transformation in tropical

Thailand
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Land-use change significantly alters nitrogen (N) transformation and retention in soil
and plays crucial roles in soil fertility and greenhouse gas (GHG) emissions. This
study aimed to investigate the impact of natural forest conversion to different cof-
fee (Coffea arabica L.) cropping systems on soil N transformation in tropical northern
Thailand. Soil samples from two depths (0–20 cm and 20–40 cm) were collected from
four land uses: forest conversion to coffeemonocultures (C), coffee agroforestry (FC),
coffee- persimmon (Diospyros kaki L.) intercropping (CH) and adjacent natural forest
(F). The soil labile nitrogen pools (including ammonium (NH+

4 ), nitrate (NO3), dis-
solved organic N (DON) contents and microbial biomass N (MBN)) were measured,
as well as the soil total N (STN) concentration. Soil nitrification and N mineralisa-
tion rates were determined using a 35-day laboratory incubation experiment. The for-
est conversion to coffee agroforestry significantly increased soil N stock in both soil
depths, but no significant difference was observed in C and CH soils as compared to
F soil (𝑝 < 0.05). The three labile N forms (NH+

4 , NO3 and DON content) were sig-
nificantly higher under the C, FC and CH soils in the 0–20 cm depth, while the coffee
monoculture decreased the MBN content as compared to forest soil in both depths.
The forest conversion to all the different coffee cropping systems enhanced the net ni-
trification and N mineralisation rates. Interestingly, the N immobilisation process in
the forest soil was higher than those in C, FC and CH soils, which indirectly regulated
a decreased nitrification rate. With the exception of the FC soil, the nitrification/N
immobilisation ratios in the C and CH soils were higher than those in the F soil, in-
dicating an increased N loss risk after forest conversion. Our results indicated coffee
agroforestry systems had the potential to enhance soil N content associated with for-
est conversion to coffee plantations, but plantations of coffee monoculture and coffee-
persimmon intercropping were less effective with regard to soil N increase.

Keywords: Coffee agroforestry, land-use change, nitrification rate, nitrogen transfor-
mation
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The potential of green water for dry season cultivation of
seasonal floodplain wetlands in Africa
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There are immense pressures on African wetlands to produce more food crops. As
a result, a rapid trend of converting natural land cover into cropland has emerged
across the wetlands of sub-Saharan Africa (SSA). To halt cropland expansion, which
entails increased use of blue water (surface and groundwater) for irrigation and in-
fringe on valuable protected areas, as well as to alleviate poverty and hunger, we must
provide sustainable intensification and diversification strategies towards realising the
agricultural potential with minimal impacts on wetlands’ functions. This research ad-
vocates an efficient use of the prevailing green water (plant-available water stored in
the soil) on the existing cropland areas of seasonal floodplain wetlands in SSA, typ-
ically cultivated with a single crop of rainfed lowland rice during the wet season. A
methodological framework was developed to analyse the potential of crop produc-
tion using available green water during the dry season in a representative seasonal
floodplain wetland; the Kilombero Floodplain in Tanzania. The framework relies on
open-source gridded datasets to detect green water availability and variability pat-
terns using existing and newly developed indices.
Results demonstrated the substantial potential for increasing crop production using
available green water in Kilombero. In detail, we detected about 65–70 days dur-
ing the dry season where green water availability permits for cultivating short-cycled
crops on at least 53% of the total cropped area in Kilombero. Such potential permits
to maximise the agricultural potential as well as farmers’ livelihoods and resilience.
The developed approach in this study can help guiding interventions and investments
needed towards refining the cropping portfolio using green water resources while si-
multaneously reducing pressures on the already-scarce blue water resources in flood-
plain wetlands in SSA. The framework and data used are fully transferable and can be
applied to other regions

Keywords: Food security, green water, remote sensing, sustainable diversification,
sustainable intensification, water-food-climate nexus
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Comparative analysis of sustainable productive systems for
the Honduran Mosquitia
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The Honduran Mosquitia is the largest protected area in the country and is the home
of over 96 thousand people between mestizos and 6 indigenous communities. This
area is of high environmental importance due to its high biodiversity, key role in wa-
ter provision and connectivity with the other large Mesoamerican forests, neverthe-
less, the region is under threat of deforestation due to the migration of “colonos”, the
expansion of agricultural activities and illegal timber extraction.
To tackle deforestation and empowering local communities in the conservation of their
forests, various organisations, including WCS have been promoting sustainable agri-
cultural systems to provide alternatives to illegal and environmentally impactful ac-
tivities, with different levels of success. In this studywe assessed and compared 5 pro-
ductive alternatives that have been promoted, are currently in place or have received
express interest by the local communities: cacao, timber (except frommahogany), ba-
sic staples (rice and beans), swa (Carapa guainensis), and allspice (Pimenta dioica).
We assessed the productive alternatives using seven dimensions to understand their
upscaling potential, co-benefits, opportunities, risks, and challenges in multiple areas:
market potential, community preferences, income generation, environmental risk and
compatibility, social equity, enabling environment and nutrition improvement poten-
tial. For this, we conducted a literature review combined with focus groups with rep-
resentatives of the local communities and semi-structured interviewswith key experts
and representatives of the different productive systems.
Our results show that given the distance and connectivity to input markets and con-
sumption centres, all productive systems face serious challenges for their competitive-
ness, especially for internationally traded commodities. Nevertheless, the lack of cash
generating activities available in the region (other than cattle ranching and timber ex-
traction) poses serious threats to the livelihoods of the families and the conservation of
the landscapes. An integrated approach combining the improvement of food security
interventions and complementary income generating activities may be an avenue to
support the families in improving their overall conditions, with cocoa and basic staples
showing higher potential than the other alternatives analyzed, but the lack of access
to basic services and remains a serious bottleneck that would demand non-market in-
terventions.

Keywords: Honduran Mosquitia, participatory rural appraisal, protected areas,
sustainable livelihoods, value chain analysis
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Multi-scale time series of biophysical parameters and
vegetation structure in heterogeneous landscapes of

West Africa
VERENA HUBER GARCIA, FRANK THONFELD, JONAS MEIER, URSULA GESSNER
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The aim of the BMBF-funded research project CONCERT is to identify emis-
sion mitigation options for the major greenhouse gases (GHG), in parallel
with improving food security in West Africa. This will be achieved – among
others – through the estimation and projection of GHG emission budgets for
the region using a fully-coupled regional Earth System Model (ESM), specif-
ically adapted to the WASCAL region.
Science-based information for adaptive land management requires quantifi-
cation of vegetation parameters at stand-scales, and updated high-resolution
land cover and vegetation maps to upscale measured GHG fluxes to country-
scales. For reliable ESM predictions of future GHG budgets and crop pro-
ductivity, we need to improve our understanding of the spatial pattern and
temporal dynamics of land use and land cover (LULC) in West Africa.
Satellite Earth observation can provide valuable datasets of vegetation dy-
namics and structure, but global products are oftentimes not perfectly suited
to regions like West Africa as they are coarse in spatial and temporal resolu-
tion.
Here, we assess time series of the leaf area index (LAI) based on earth obser-
vation data at different spatial and temporal resolutions. Time series meth-
ods allow to fill gaps in the spatial and temporal domains in order to compute
dense time series and assess vegetation dynamics. Time series of Sentinel–2–
based LAI allow to detect multiple growing cycles with specific magnitudes
and provides structural information of vegetation as an important input of
ESM. Our regional focus lies thereby on Burkina Faso and Ghana and specif-
ically on the border region between the two countries.

Keywords: Biophysical parameters, Copernicus, leaf area index, time series,
vegetation structure
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Forest resource base and land use land cover dynamics in the
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The study aimed to investigate the small-holder farmer’s dependency on forest prod-
ucts and the dynamics of forest resource base as a domain of land use land cover
(LULC) changes that occurred between 2000 and 2021. A total of 240 household inter-
views and 5 focus groupdiscussionswere conducted in 12 villages of the catchment, an
area where forest landscape restoration (FLR) intervention takes place since 2018. A
hybrid of land cover signature andmaximum likelihood algorithmwas used to classify
a total of 6 LULC classes. Overall, farmers are highly dependent (X2 – 57.5; P = 1.4e-
10) on forest products, specifically tree biomass for energy consumption than other
alternatives such as electricity, crop residues, and cow dung. Tree and bamboo prod-
uctsmainly used for construction, energy, and furniture are identified. These products
aremainly collected from remnant natural forests > woodlots > agroforests. The latter
two are the dominant farmers-managed practices evenwith a high tendency of expan-
sion. Farmers are integrating an average of tree seedlings 2356±1200 ≈ 0.5±0.2 ha area
converted into a tree-based farming system between 2018 and 2022. Here, the spatial
distribution of these planted trees is higher (3174±2140; 𝑝 = 0.004) in the higher ele-
vated areas of the catchment. Eucalyptus spp, Cordia africa,Mangifera indica, Cuppressus
lusitanica, and Juniperus procera are the leading tree species. As construction and en-
ergy (X2 – 135.57; P = 2.2e-16) are the leading purposes of these tree-based practices,
it vividly dictates the farmers’ choice of tree species. To correlate the survey findings,
LULC maps are created for the years 2000 and 2021 with overall accuracy of 67.2%
and 72.3, and Kappa coefficients of 0.57, and 0.66 respectively. Reduction in areas
is observed in grassland (90.5%), bare land (55.8%), and heterogeneous agriculture
(26%), in contrary arable land, water bodies, and forest lands are increased by 91.1%,
59.8%, and 195% respectively. The LULC changes are consent with the expansions of
tree-based systems in the catchment. The implication of these tree-based systems for
accessing forest products is highly noted. Thus, wider adoption of these systems by
integrating the most preferred tree species is advised.
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Evaluating waste management challenges, practices and
habits for circular economy and green growth in Nigeria
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The importance of waste management in developing countries like Nigeria
cannot be over-emphasised because of its attendant health, safety, environ-
ment, land use and socioeconomic challenges. Nigeria is the most populous
African country with an ever-increasing population of over 200million, a lim-
ited land area of 923,768 km2 at about 150 people per km2, and urban-to-rural
population of 48.3% - 52.7% across six geopolitical zones. These increasing
population, urbanisation and scarce resources call for a study to evaluate the
waste management challenges, practices and habits for circular economy de-
velopment and green growth inNigeria. Consumption and development the-
ories formed the theoretical framework of this study. Descriptive statistics
and secondary sources of information were collected through books, journal
articles and web pages of specific organisations. In addition, personal–expert
knowledge of these field and study area was also used in the evaluation of
waste management challenges, practices and habits for circular economy de-
velopment and green growth in the country. It was found that, wastes are of-
ten burned or disposed of on landfills, open dumps andwater bodies without
prior treatment. Thus, waste management is a bottleneck in Nigeria because
of weak or lack of enforcement of environmental regulatory policies and leg-
islation. This may be connected with challenges like inadequate environmen-
tal awareness, poor land-use, missing recycling, producers’ irresponsibility,
corruption, inadequate- funding, technology and development. Established
waste habits ofNigerians in hierarchywere organic/foodwaste (57.0%), plas-
tics (27.0%), glass (5%) and others (4%), mostly dumped on landfills. Since
organic/food waste is the highest, moving the country from linear to circular
economy would improve agri-food systems, foster green growth and clean
environment. Circular economy conserves resources, enhances food secu-
rity, and generates new products for agri-food transformation. This study
led to the establishment of the Waste And Bio Recycling Associates League
(WABRAL) inNigeria for the promotion of global circular economybest prac-
tices in Nigeria and Africa.

Keywords: Agri-food systems, circular economy, land use, waste
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Assessing spatio-temporal patterns of rain-fed and irrigated
agriculture using time-series earth observation in Baringo,

Kenya
FAITH KANDIE1, BARTHLOMEW KURIA1, MARK BOITT1, HARISON KIPKULEI2

1Dedan Kimathi University of Technology, Inst. of Geomatics, GIS & Remote Sensing,
Kenya

2Leibniz Centre for Agricultural Landscape Research (ZALF), Germany
Food security and sustainable agriculture are part of SDG2 (Zero Hunger)
and also among the five pillars of the Kenyan government Bottom-Up Eco-
nomic Plan. Agriculture is the main source of food and with population
increase combined with climate variability, transformation to smart agricul-
tural practices arise, one ofwhich is irrigation. Spatial information on existing
agricultural land is vital for a framework towards irrigation. Baringo South
sub-county is a semi-arid, marginalised and food-insecure area in Kenyawith
poor coping mechanism towards climate change. The sub-county has an irri-
gation potential of 180 km2 with 15.8 km2 operational in the large-scale irriga-
tion schemes of Perkerra and Eldume while the small-holder schemes remain
unaccounted for hence inadequate statistics on total irrigated land.
This study is thus aimed at assessing the spatial-temporal patterns of rain-fed
and irrigated agriculture through: (i) Monitoring existing agricultural land-
use employing Landsat time series for1989–2022. (ii) Investigating the extents
of irrigated landusing Sentinel-2 imagery for 2022 by object-based image anal-
ysis (GEOBIA), and (iii) quantifying the importance of irrigated agriculture
in food production. Other supplementary data for the study are climate data,
vegetation indices and reference data for dominant irrigated, rain-fed lands
and other land management practices for training and validation. Objective
one results revealed fluctuations in agricultural land with the highest surge
and decline of 500 km2 (1989–2002) and 300 km2 (2002–2012), respectively.
The changes are attributed to anthropogenic factors causing mutual conver-
sion with rangeland and forests. The highest overall accuracy was 89.09%
with a kappa of 0.87. Objectives two and three analysis are ongoing at ref-
erence data collection stage. For classification of both Landsat and Sentinel,
the robust machine learning Random Forest Algorithmwas/will be executed.
These results will benefit in transforming food system through revelation of
patterns, extents and significance of irrigation in food production.

Keywords: Agriculture, food security, irrigation, Kenya, forest conversion
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Cross-geography adaptation to climate change in
coffee-growing regions: Is it risk-specific or generalised?
GINA MASKELL1, SARAH MURABULA ACHOLA2, SABINE UNDORF1, PAULA

ASCHENBRENNER1, CHRISTOPH GORNOTT3

1Potsdam Institute for Climate Impact Research, Member of the Leibniz Association,
Research Department II: Climate Resilience, Germany

2University of Kassel, Agroecosystem Analysis and Modelling, Germany
3University of Kassel & Potsdam Institute for Climate Impact Research (PIK), Fac. of
Organic Agricultural Sciences, Germany

Climate change adaptation assessments are often undertaken from local to
regional scale. On-farm decision-making in the face of a changing climate
is driven by multiple factors and local contexts. Yet, we see parallels be-
tween implementation of certain adaptation strategies, in regions on oppo-
site sides of the world. This can be due to global connections, information
exchange, and the parallel evolvement of similar agricultural adaptation re-
sponses. Some of these agriculture adaptation responses are risk-specific, e.g.
irrigation systems (risk of low precipitation events). Other adaptation re-
sponses, such as agroforestry, address general risk (including non-climatic
risks). In a recent systematic review covering empirical literature on adap-
tation responses, the majority (~ 58%) of adaptation responses address the
non-specific risk of “general climate change”. To date, there are very few
empirical cross- or multiple geography assessments of adaptation. To our
knowledge none that look at the relationship between adaptation uptake and
present risks. We explore the link between parallel adaptation uptake and
parallel climatic risk (or hazard). Is adaptation occurring risk-specific or gen-
eralised? Is there a pattern between specific/generalised adaptation strategies
and single/multi-hazard climatic trends? Looking at the case study of coffee
smallholders, we analyse the relationship between regional climatic trends
and adaptation measures undertaken, exemplified by coffee agroforestry or
intercropping (generalised), and improved seed varieties (specific). Coffee
makes an interesting case study because of the need to plan for the long-
term, with a tree crop that produces for 20–30 years. We use a harmonised
dataset of ~ 3000 coffee smallholder households, as part of the rural house-
hold multi-Indicator survey available for coffee growing regions in 10 coun-
tries in South and Central America, Africa, and Asia. We further use a range
of climate indices derived from daily, gridded observational and reanaly-
sis datasets including for example the fifth generation ECMWF atmospheric

ContactAddress: GinaMaskell, Potsdam Institute for Climate Impact Research,Member of the
Leibniz Association, Research Department II: Climate Resilience, Telegraphenberg A 62/1.08,
D-14412 Potsdam, Germany, e-mail: maskell@pik-potsdam.de
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reanalysis (ERA5) starting in 1950 aggregated to spatial scales relevant for
comparison with the survey data. Our results offer a multi-geography analy-
sis of the interlinkages between climate signals and adaptation patterns across
coffee growing regions and conceptualise discussion on the implications for
designing and evaluating effective adaptation addressing generalised v.
specified risk.

Keywords: Agroforestry, coffee, cross geography, generalised adaptation
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Uphill shifting cultivation under pressure: Perspectives and
adaptation of tribal farmers in northeast India

LEA SOPHIA SCHRÖDER1, JÜRGEN SCHEFFRAN2, UWE A. SCHNEIDER1
1University of Hamburg, Research Unit Sustainability and Climate Risks, Germany
2University of Hamburg, Research Group Climate Change and Security, Germany

Shifting cultivation is an extensive subsistence farming system that has been practised
for centuries by tribal communities in mountainous regions of South and Southeast
Asia. The integrated and organic farming system provides food sovereignty and in-
come for tribal communities, sustains established local plant varieties, and preserves
traditional knowledge and cultural practices, and thus social cohesion. However, mul-
tiple stressors threaten the future of shifting cultivation. In some places, the emigra-
tion of a more educated younger generation reduces the available labour force. In
other places, an increasing scarcity of fertile lands leads to shorter cropping cycles
with a higher risk of soil degradation. More intense rainfall patterns under climate
change are likely to exacerbate this risk.
Despite the importance of shifting cultivation for the livelihoods of tribal farming com-
munities, its future remains largely unexplored. This study reduces this knowledge
gap and attempts to answer the research question: What shifting cultivation futures
are plausible under climate and social change?
This interdisciplinary study combines diversemethods from the natural and social sci-
ences. We use the biophysical process model EPIC to explore possible climate futures
of uphill shifting cultivation in Northeast India, accounting for daily weather impacts
on soil erosion risk. In addition, we conduct and assess qualitative and quantitative
interviews with tribal farmers about current threats to shifting cultivation, perceived
climate change impacts, considered adaptation strategies, and future perspectives.
Our results show that shifting cultivation is affected by climate and social change in
multiple ways. While simulations indicate substantial increases in soil erosion by 50%
and more than 100% under global warming levels of 2 °C and 3 °C, respectively, to-
wards the end of the century, interviews revealed rising temperatures and delayed on-
set of summer monsoon precipitation as major perceived threats to cultivation. Farm-
ers also emphasised the risk of losing traditional knowledge due to increasing off-farm
activities by the younger generation. Despite these threats, they perceive shifting culti-
vation as a comparatively climate-resilient cropping system and important safety net,
especially for resource-poor farmers. This study discusses plausible pathways of fu-
ture shifting cultivation and options for adaptation.

Keywords: Adaptation decisions, climate change, Northeast India, shifting cultiva-
tion, subsistence agriculture, tribal farmers, uphill farming
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Predicting potato diseases in smallholder agricultural areas
of Nigeria using machine learning and remote sensing-based

climate data
ESTHER S. IBRAHIM1, CLAAS NENDEL1, BAHAREH KAMALI2, EFRON N. GAJERE3,

PATRICK HOSTERT1

1Leibniz-Centre for Agric. Landscape Res. (ZALF), Germany
2University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany
3National Space and Research Development Agency, Space Institude, Nigeria

In many regions of Africa, severe cases of pest and crop diseases are linked to the neg-
ative impacts of climate change such as rising average temperatures and changes in
precipitation regimes. The problems are prominent in Nigeria, where rainfed subsis-
tence farming dominates and even only slight changes in climate regimes may largely
affect cropping systems. Although farmers in Nigeria continue to use broad-spectrum
fungicides on potato, potato diseases are still on the rise. Using remote sensing data
and modeling techniques, related risks may be mitigated in the future, but a deep
understanding of the mechanisms behind crop diseases or operational early-warning
systems is not in place in Nigeria and most parts of SSA. Recently, machine-learning
methods have become more prominent in epidemiological early warning. They pro-
vide vital information on data-disease relations useful for pre-disease infection man-
agement. Here, we build on machine-learning methods to develop spatial early warn-
ing tools for Nigeria, using the Jos Plateau as a test case. Remote sensing, as well as
meteorological and field data, were used to (a) predict disease incidences using field
reference data and a random forest classifier (RF), and (b) identify local conditions
conducive to potato diseases, using machine-learning results based on multi-criteria
classification (MCC). The results of the RF approach for 2019, 2020, and 2021 showed
similar spatial characteristics, while the MCC varied significantly. Both models pre-
dicted between 72% and 96% of the potato fields being infested. The MCC model
further revealed that spatiotemporal frequencies of vulnerability in June can be the
indicator that informs the degrees of infestation. RF predictions resulted in higher lev-
els of accuracy (between 83% and 88%) compared to MCC (between 67% and 77%),
while the latter reflected the spatiotemporal patterns of annual disease incidence bet-
ter. A five-day vulnerability window used with theMCC proved to be the most useful
tool for developing an efficient spraying regime, based on a combination of temper-
ature, rainfall, and relative humidity thresholds. This facilitates our development of
an operational early-warning system for potato disease in tropical highlands of Africa,
especially introducing spatial risks, which provides a more eco-friendly approach for
early warning. This supports future smart agricultural practices and food security,
increases yields, and promotes sustainable agricultural policies.

Keywords: Classification, epidemiology,modelling, prediction, random forest, spatial
sensing
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Accounting for weather variability in farm management
resource allocation in northern Ghana: An integrated

modelling approach
OPEYEMI ADELESI, YEAN-UK KIM, HEIDI WEBBER

Leibniz-Centre for Agric. Landscape Res. (ZALF), Germany

Smallholder farming systems in theNorthernRegion ofGhana are confronted
with a wide range of risks related to weather variability and market volatil-
ity, among others. Together they are key reasons explaining farmers’ limited
investments to improve farm sustainability and productivity. Modelling can
assist in understanding complex relationships and trade-offs between pro-
ductivity, environment (e.g. soil fertility), and economic aspects in farm sys-
tems analysis. However, to date, few model assessments have explicitly ex-
plored the effects of weather variability on crop management and farm-level
resource allocation. As crop yields and fertiliser response are highly sensitive
to weather dynamics, this has implications for farm outcomes in any given
year, as well as influencing subsequent investments in crop and farm man-
agement. This study introduces a new integrated modelling approach to op-
timise farm-level resource allocation considering annual weather-dependent
variation in crop grain and biomass yields as well as annual variation in cash
at hand and herd size for the case of smallholder mixed crop and livestock
farming systems in northernGhana. The integratedmodel combines a process-
based cropmodel linked to a farm simulation model and an annual optimisa-
tion model. To better investigate the effects of weather, the crop model simu-
lations are driven by a large ensemble ofweather time series for two scenarios:
good and bad weather. The key output from each iteration of the integrated
model is an optimised resource allocation after 5 years. Considering the dis-
tributions in outputs across the large weather ensemble, the probability of
farm asset increase and decrease in livestock number is determined for each
of the two weather scenarios. We show that the current cropping systems in
the study area operate below the economically optimised level. According to
the model results, farmers could improve incomes with increased allocation
of their land area to cash crops like rice, groundnut, and soybeans. Farmers
have more than a 50% probability of increasing their income over five years
under bad weather scenarios when using optimised cropping patterns rather
than the current cropping systems.

Keywords: Bio-economic farmmodel, CLEM, integrated model, mixed crop-
ping system, northern Ghana, SIMPLACE, weather risk
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Pooling resources, pooling risk: Customary institutions in
pastoral adaptation to climate change

MISGINAW ARFICHO, ANDREAS THIEL
University of Kassel, International Agricultural Policy and Environmental Governance,
Germany

With the growing impacts of climate change and exacerbating factors like population
pressure, and resource-based conflicts, livelihood conditions of pastoral communities,
who occupy the vast majority of Eastern Africa, are worsening. Given the limited ca-
pability of the national governments to reach out to such socioeconomically and po-
litically marginalised groups, how pastoral communities adapt to the changes is in-
creasingly becoming an important question among politicians, practitioners, and aca-
demics. This sought to address the role and the mechanism through which informal
institutions facilitate climate change adaptation among indigenous pastoral commu-
nities in southern Ethiopia. Informal institutions are themost dominant in influencing
the livelihoods are tied to the biophysical and socioeconomic dimensions of indigenes
livelihood. By addressing key adaptation strategies and activities, the study high-
lights informal institutions’ role in facilitating adaptation. Employing a mixed meth-
ods approach, the study examined the strategies, processes, actors, and institutions
influencing resource pooling. Our data revealed that mobility, livelihood diversifica-
tion, storage, resource pooling are key strategies practice at different level in different
communities. We found out that institutions of animal branding and hide keeping
facilitate access to a basic resource, and enhance social cohesion by clearly defining
property rights, setting a display incentive among members. These factors are impor-
tant to adapt to impacts of climate change in these marginalised communities living in
remote parts of the country. A systematic understanding of these institutions, and the
mechanism through which they enable adaptation would be a learning case for simi-
lar endeavours. Such a knowledge is particularly relevant in light of current Ethiopian
government’s adaptation strategy of marketisation and enhancing livelihood diversi-
fication. Recognition of such factors would shape what might be attended to when
designing adaptation policy, research, and practices. Furthermore, outcomes of the
study could substantiate current knowledge on adaptation studies, by highlighting
the role and mechanism through which informal institutions facilitate adaptation.
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Indigenous tree species reforestation: An adaption measure
to climate change in central Uganda

ESTELLINA NAMUTEBI1, JOOST DESSEIN1, CUTHBERT TUKUNDANE 2

1Ghent University, Agricultural Economics, Belgium
2Uganda Martyrs University, School of Arts and Social Science, Uganda

Human-induced causes of climate change in Uganda have made the country
vulnerable to climate change since the dawn of the 21st century (Mafuta, et
al. 2010). Among these, is deforestation which has seen three-quarters of the
forest cover in Uganda exploited for agriculture and industrial development
(Magala, 2015). It’s these forests that assist in rainfall formation and thus bet-
ter seasonal crop growing and yields among the rural farming communities.
Besides, seasonal crops are the determinant of the survival of rural commu-
nity farmers who are engaged in mixed farming both crops and livestock pro-
duction. For that reason, the effects of climate change like long dry spells,
and changing rainfall patterns, have greatly impacted the farmers in rural ar-
eas of Uganda. Being seasonal crop farmers implies that farming is entirely
dependent on rainfall which is received annually between 1500–2000mm per
annum in the central region of Uganda. This challenge prompted action re-
search, whichwas carried out in the aforementioned area, whose intervention
was indigenous tree reforestation and fruit tree growing for food security as
an adaptation measure to climate change. The response from the community
of interest was tremendous and thus, a gradual change of mindset toward
environmental protection.
The methodology employed was participatory action research, which took
four years 2018–2021. This research used the cyclical methods of action re-
search, which involved 20 households as the community of interest. The pur-
pose of fruit growing was meant to boost food security and nutritional diet
for the households. Besides, it was a strategy to enable farmers to plant and
care for the indigenous tree species. Within three years the farmers were able
to harvest, Papaya, guavas jackfruit, and mangoes. By the time we concluded
the four cycles, we had planted more than 5,000 trees on fragmented pieces
of land (each farmer’s piece of land) and a community forest with indige-
nous tree species on one acre of land. The action research enabled farmers
not only to develop adaptation measures to climate change but also to protect
the environment and its biodiversity, and thus promote co-existence in the
ecosystem.

Keywords: Indigenous tree species, climate change, reforestation
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Encouraging farmers’ response to climate change induced
water stress through norm activation model among Iranian

farmers
MASOUD YAZDANPANAH1, TAHEREH ZOBEIDI2, LAURA WARNER3,

KATHARINA LÖHR4, STEFAN SIEBER4
1Agricultural Sciences and Natural Resources University of Khuzestan, Iran
2International Institute for Applied Systems Analysis, Cooperation and Transformative
Group, Austria

3University of Florida, Agriculture education and communication, United States
4Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SusLAND), Germany

Adaptation to climate change is a key step for ensuring that food security and diver-
sity of the food system. Adaptation strategies in farm level involve modifying farming
practice, and water management practices. However, many farmers in developing
countries still continue with traditional farming methods for various reasons and are
not interested in implementing adaptive innovations strategies in their farms. Encour-
aging and directing farmers to use these strategies is a key factor to ensure food secu-
rity and achieve sustainable development. The first step is to understanding current
farmer perception and behaviour. Therefore, this research aimed to examine factors
affecting farmers’ behavioural intention to adapt in Khuzestan Province, in southwest
Iran. To achieve this goal, the current study examined applied the Norm activation
model (NAM) to research the adaptation intention to climate change induced water
scarcity of Iranian farmers. The data was collected through a cross-sectional survey
from250 farmers fromKhuzestan, Iran. Structural equationmodelling shows an excel-
lent fit of the NAM model to the data with moderate explained variance of intention.
The variance in behavioural intention explained through the NAM amounts to 33%.
The results suggest that adaptation intention is influenced directly by personal norms
(β=.575, P=.000). Aspiration and responsibility (β=.294, P=.000) and awareness of
consequences of water scarcity (β=.186, P=.014) are two determinants of personal
norm. Farmers’ personal norms could be activated by becoming aware about nega-
tive consequences of climate change such as economic and income problems, conflict
between farmers, and health problems as well as through feeling responsibility for
the consequences. It is more probable that farmers will be intended to do an adap-
tation strategy, when they feel they have a moral obligation to adapt. These results
have broad policy implications that are intelligible to adaptation planning and devel-
opment, notably through the amplification of personal or moral norms.

Keywords: Climate change adaptation, moral norm, moral obligation, responsibility
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Assessing the climate change vulnerability of rice farmers in
below mean sea level regions: An agro-ecological unit-based

approach
FATHIMA ABDULKHADERKUNJU1, ARCHANA RAGHAVAN SATHYAN1, SREERAM
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mental Research (ZEU), Germany

Food security is a pressing concern in the face of climate change, particularly for the
developing economies such as India. The country supports 1.39 billion people, which
is 17% of the current global population. As the world’s fifth most vulnerable country
to climate change, it is reported that the country could face hunger issues by 2030 due
to the adverse impacts of climate change in the agricultural sector. The rice produc-
tion systems in the country perform a critical role in securing the food security and
the associated value chains. Hence, there is a pressing need to assess the vulnerability
of the food production systems and the dependent communities to put in place ap-
propriate adaptation measures to ensure food security. In this context, we developed
a composite vulnerability index (CVIAEU) to compare the vulnerability of rice farm-
ers in two major rice-growing below mean sea level agro-ecological units (AEUs) of
the Indian subcontinent located in Kerala. The CVIAEU is based on three key dimen-
sions of climate change vulnerability viz, adaptive capacity, sensitivity, and exposure.
Each dimension is characterised by nine major components and 39 indicators specif-
ically tailored to the rice production systems of the AEUs under consideration. A
comprehensive field survey was conducted covering 263 farm households in the two
AEUs, using a well-structured and pre-tested interview schedule to elicit field-level
data for index construction. We find that the exposure dimension shows the greatest
differences among AEUs, followed by sensitivity and adaptive capacity. Following
the assessment of major components under the dimensions framework, components
where interventions can be plannedwere identified, and policy-level suggestionswere
made to improve these components through training and a change in insurance policy
to improve livelihood strategy diversification, credit borrowing capacity, water man-
agement, technology adoption, and flood risk management capacity. In addition, the
CVIAEU framework can be extended to other rice-growing areas with necessarymod-
ifications in the selection of indicators from the indicator framework.

Keywords: Adaptive capacity, agro-ecological units, climate vulnerability, exposure,
rice farmers, sensitivity
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Effects of reported and observed weather shocks on crop
losses in south-eastern Madagascar
CHIARA SOPHIA WEITUSCHAT, LISA MURKEN

Potsdam Institute for Climate Impact Research (PIK), Germany

Climate change is already posing numerous risks to smallholder farmers in
sub-SaharanAfrica. Madagascar has beenparticularly affected in recent years,
as weather shocks such as droughts and cyclones have strongly impacted
agricultural households. These households, often with limited access to re-
sources, will need to adapt to this new and continuously changing situation.
New uncertainties and risks in relation to weather shocks and climate change
are already taking effect, with crop losses as a common consequence, threat-
ening the already fragile food security of households in the region. This study
analyses the impact of weather shocks on households’ pre- and post-harvest
crop losses. We draw on household survey data from a representative sam-
ple of 600 farming households in three regions in south-eastern Madagas-
car strongly affected by climate change: Atsimo Atsinanana, Anosy and An-
droy. Using the survey data, we explore major vulnerabilities in crop produc-
tion and post-harvest processing. Reported weather shock data and observed
weather data from global gridded weather data products are used to study
their impact on crop losses for a broad range of major cash and food crops,
such as maize, peanuts, vanilla, coffee, and rice. Additionally, we analyse
implications for households’ food security and use the data set’s extensive in-
formation on agricultural practices and reactions toweather shocks to explore
and analyse avenues and practices suitable to increase households’ resilience
to weather shocks. We pay particular attention to potential heterogeneity in
effects. The results of this study will contribute to informing interventions
directed at improving farm households’ resilience and food security.
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Land use diversification to fight food insecurity and improve
resilience towards climate change in Ethiopia
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In 2015, the main rainy season, locally called ‘kiremt’, was late and below normal con-
ditions precipitation. Overall, the year was one of the driest in large parts of Ethiopia.
Consequently, the government called for emergency assistance for 10.2million people.
In response to climate change and climate variability induced risks, rural farm house-
holds are responding in various ways, which include conversion of agricultural land
use to woodlot management and adoption of agroforestry systems. This study inves-
tigates agricultural land diversification’s climate change resilience capacity through
tree plantation and agroforestry practice by comparing land use systems in Awi Zone,
Bale Zone, and Hawassa Zuria. Data from the Central Statistics Agency (CSA), FAO
reports and mapping of land use land cover changes in selected three study sites. The
research considers the amount of food distributed during 2015 and 2016 as an indica-
tor of food insecurity during the drought and FAO’s priority classification for aid sup-
port. The result shows that during this period, about 149,389 households have been
victims of crop damage due to reasons related to crop diseases, rainfall shifts, pests
and wild animals resulting in a production loss on 28,767 hectares of land. Climate
related reasons, such as frost or floods, and excess and shortage of rainfall account
for about 48.5% of the loss. Bale zone, with higher monocrop production, was under
high risk of drought and classified as priority one for aid distribution even though
the land size ownership of the household in the area is bigger as compared to Awi
and Hawassa Zuria. Hence, monocrop production puts households at higher risk of
food security due to the varying climate and crop diseases. Areas with more land use
diversification using woodlot and agroforestry practices were identified as not a pri-
ority for aid supply during drought season. Hence, the diversification has backed the
farmers in securing their food through income from tree harvest and other products
from agroforestry practice. This supports current trends to push smallholder farmers
toward diversification and introduction of agroforestry systems. However, diversifi-
cation models need to be designed carefully to ensure context specific fit.
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Wastewater residues and hydrogel application: Pathways to
increase water and food security in Morocco?
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Drought conditions in large parts of the Maghreb negatively affect crop de-
velopment and yield potential also in 2022/2023. In Morocco, drought con-
ditions have delayed planting, reduced the area sown and resulted in below-
average biomass. While hydrogels could be a way to increase water efficiency,
(treated)wastewater is often used directly or indirectly for irrigation. In addi-
tion, wastewater treatment by-products (treatedwastewater and sludge) can
be used to improve soil fertility. In the framework of the Moroccan-German
researchproject I-WALAMAR, the potential for the safe use of treatedwastew-
ater and residues frommunicipal wastewater treatment plants and olivemills
in agriculture were investigated. The interdisciplinary project also focused on
the development and application of hydrogels in field and plot experiments.
In this presentation we will present the evaluation of the impact of hydrogel
application on different crops in field and plot trials and discuss the potential
for safe use of waste water treatment by-products (treated waste water and
sludge in agriculture. Field trials in Meknes, Morocco, showed how differ-
ent hydrogel applications and the use of olive oil production residues can be
used to support water efficiency in food production and nutrient supply in
the soil. Results varied with crop type, application rate, hydrogel type and
irrigation pattern. Field studies on wastewater and effluent residues from the
municipal wastewater treatment plant in Ain Taoujdate showed that the liq-
uid and solid residues can be used safely, but only under certain conditions,
such as extended storage of the sludge or post-treatment of the wastewater.
Findings also showed that surface waters used for irrigation might be higher
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Future at RWTH Aachen e.V., International Cooperation and Capacity Development, Kack-
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polluted with pathogens than wastewater effluents. There is thus potential to
improve water and food security in Morocco with wastewater residues and
hydrogel application. The developed biodegradable hydrogels also showed
good water absorbing properties. They could help increasing crop yield and
to safe water resources. Furthermore, the biodegradable material could in-
crease the sustainability of the application of hydrogels. However, there are
still challenges and open questions in the concrete, safe application of these
substances and work to scale up needs to be carried out.

Keywords: Climate adaptation, hydrogel, Morocco, water efficiency, water
reuse
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The effects of economic and environmental strategies on
typical dairy farms performance in Western Kenya

REAGAN LEWIS1, NINA GRASSNICK2, KATRIN AGETHEN3
1Egerton University, Animal Sciences, Kenya
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Dairy farmingmakes a substantial contribution to economic and social devel-
opment. Globally, milk production employs around 150 million people. The
dairy industry, predominantly smallholder in East Africa, is the most devel-
oped of the livestock sub-sectors. Increased demand for animal-source food
might support smallholder crop-livestock farmers in engaging in market-ori-
ented economic activities by expanding livestock production practices. But
it also significantly contributes to global warming contributing about 30%
of the greenhouse gas emissions in the country. and expected production
growth will come along with increasing emissions. The study region is West-
ern Kenya. This region’s rainfall is bimodal, with long rains from March to
June and short rains from September to December. As a result, each year has
two full cropping seasons. The majority of farms are mixed crop-livestock
farms, with a focus of the main economic activities on sugarcane, corn, sor-
ghum and dairy. Rainfall, on the other hand, is exceedingly variable and un-
predictable, resulting in crop losses and food insecurity. Based on a farm sur-
vey among 160mixeddairy farms in the four countiesVihiga, Siaya, Kakamega
andHomabay typical farm data sets are set up for the purpose of determining
the effects of greenhouse gas mitigation on typical dairy farms performance.
These data sets include the herd structure, the animal performance, feeding
strategies and land use. The criteria of selecting typical farms is based on:
number of dairy cows, animal production systems, breed and crop produc-
tion. Greenhouse gas emissions estimation for the dairy enterprise and re-
lated crop and forage production will be applying IPCC methodology tier 2
following 2019 IPCC guidelines. The ongoing study aims at assessing the
effects of greenhouse gas mitigation strategies on herd performance, farm
economics and greenhouse gas emissions. The results will be able to inform
stakeholders on potential side effects and co-benefits of the mitigation strate-
gies. The study will also contribute to a flagship project of the global research
alliance on agricultural greenhouse gases (GRA) called Economics of GHG
mitigation at farm level in global cattle production systems.

Keywords: Climate change, dairy farms, greenhouse gas emissions
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Productive, environmental, and economic shifts of dairy
systems by adopting silvo-pastoral systems and improved

pastures
RICARDO GONZALEZ QUINTERO1, HELVER HERNANDO GARCIA2, JESÚS FERNANDO

FLOREZ3, STEFAN BURKART3, JACOBO ARANGO3
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In Colombia, milk yield gaps among dairy systems are large and farms with better
feed quality and sustainable cattle management practices are more productive. Cat-
tle farming is responsible for about 15% of the Colombian greenhouse gas emissions
(GHGE), therefore, sustainable mitigation strategies for dairy farms can help to re-
duce the climate impact. Silvo-pastoral systems (SPS) and improved pastures (IP)
are recognised strategies to transform dairy systems by enhancing cattle productivity,
reducing climate change impact, and increasing farm profitability. This study aims at
assessing the climate change impact of small dairy cattle farms and at identifying how
the implementation of SPS and IP as sustainable cattle practices (improvement sce-
nario -IS-) can improve milk yields, farm profitability, and reduce GHGE. The study
focuses on four very small dairy farms in the Cauca Department in Colombia and uses
a life cycle assessment approach to calculate the carbon footprint (CF) of milk produc-
tion. GHGEwere calculated by applying the 2019 refinement to 2006 IPCC guidelines.
The functional units correspond to one kg fat and protein-corrected milk (FPCM) and
one kg live weight gain, in a cradle-to-farm-gate approach. A biophysical allocation
method was applied for handling co-products leaving the farm. The study found that
the milk CF ranged between 2.4 and 3.2 kg CO2-eq kg FPCM−1 in the baseline. On
average, in the IS, the area with SPS and IP corresponded to more than 48% of the to-
tal farm area. The above allowed a higher availability of high-quality forage in the IS
than in the baseline (no adoption of SPS and IS) and led to an increase in milk yields
of up to 38% with a subsequent reduction of up to 40% of milk CF (varying from 1.4
and 2.7 kg CO2-eq kg FPCM−1). The IS also increased incomes by milk sales between
33 to 50%. The study provides evidence on the positive influence that the adoption of
SSP and IP can have on the transformation and improvement of the sustainability of
small dairy systems in Colombia. The findings highlight the importance of sustainable
mitigation strategies for dairy farms to reduce their climate impact while improving
productivity and profitability.
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Drought monitoring/prediction using remotely-sensed data
and SSP climate change scenarios in a Tunisian olive orchard
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The increasing impact of climate change on agricultural and horticultural practices in
northern Africa necessitates better predictive drought models. In this study, remotely
sensed data and techniques, more specifically, analysing satellite imaginary and un-
manned aerial vehicle (UAV) were applied to determine agricultural drought condi-
tions in an olive orchard in Jemmal, in western Tunisia, using a spectral index, called
vegetation cover index (VCI). Moreover, long term time series of monthly precipita-
tion has been used to calculate standard precipitation index (SPI) with different time
scales, namely, 3,6-months, asmeteorological drought index. The study utilised Land-
sat8/9 imagery to calculate VCI as an agricultural drought index, with over 50 images
obtained over three years (2020–2022). The monthly mean VCI values were consid-
ered representative of drought conditions in the presented olive orchard. The cross
correlation between agricultural and meteorological drought indices was calculated
with different lag times. The results showed that the agricultural drought occurred af-
ter the meteorological drought. This study used wavelet transform (WT) integrating
with adaptive neuro-fuzzy inference system (ANFIS) model to simulate and predict
VCI (output of machine learning model) based on SPI values with several lag times
as inputs. The calibrated hybrid Wavelet-ANFIS model was then used to predict VCI
using 35 climate change models under different shared socioeconomic pathway (SSP)
scenarios which is developed with respect to the sixth IPCC report. Present study
focuses on SSP based scenarios – span a range from sustainable and green pathway
(SSP1) to ongoing growth in emissions by development of fossil-fuel (SSP5) – which
are incorporated in coupled model intercomparison project-6 (CMIP6). The results
can be used by farmers to plan appropriate irrigation schedules or adapted agricul-
tural practices for upcoming droughts in semi-arid western Tunisia. Understanding
the situation helps agricultural water planners to develop better insight into manage-
ment policies to minimise losses in water scarcity conditions.

Keywords: Climate change, CMIP6, drought, Landsat, olive, Tunisia, wavelet-ANFIS
model
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Replacing oxen with tractors: Reduction or shift in
greenhouse gas emissions?

CHRISTIAN BATEKI ADJOGO1, MILLION TADESSE2, SHIMELS E. WASSIE3,
ANDREAS WILKES3

1University of Kassel, Animal Husbandry in the Tropics and Subtropics, Germany
2Ethiopian Institute of Agricultural Research, Holetta Research Center, Ethiopia
3Unique Forestry and Land Use GmbH, Germany

Cattle supply over 60% of draft power employed to increase labour productivity in
mixed crop-livestock (MCL) systems within Africa. They also emit more than 60% of
greenhouse gas (GHG) emissions from the livestock sector, such that replacing oxen
with tractors has also been proposed as an emission mitigation strategy. Using survey
data from Ethiopia, this study estimated and compared GHG emissions from MCL
farmers pre- and post- adoption of tractor services, to elucidate the change in total
GHG emissions.
Forty-eight farmers in the Arsi zone of Oromia, Ethiopia were purposively selected
following consultative talks with key stakeholders (e.g., Oromia Mechanisation Of-
fice). A farmer was interviewed if he/she (i) practisedMCL farming; (ii) used tractor
services of local farmer cooperatives; and (iii) was willing and able to provide infor-
mation on their production practices pre- and post- adoption (between 2002 and 2022)
of tractor services. Employing a semi-structured questionnaire, we collected data on
cattle herd structure and size, feed andmanuremanagement, as well as use of animals
and tractors for crop production activities. Additionally, data on the types of crops
grown, land cultivated, fertiliser and pesticide application, and yields were collected.
Combining these data with information from the Oromia cattle Tier 2 GHG Inventory,
we followed the IPCC Tier 2 approach and estimated the total GHG emissions from
livestock and crop production activities.
On average, the total herd size of the study population decreased by 59.5% while the
land cropped increased by 36.6% between pre- and post- adoption of tractor services.
The reduction in total herd size resulted in a decrease from 0.529 to 0.224 t CO2 equiv-
alents (CO2e) in livestock GHG emissions while emissions from cropping activities
increased from 84.2 to 187.3 t CO2e post adoption of tractor services. As such, the
introduction of tractor services resulted in a net increase (121.3%) in total GHG emis-
sions within this study. These findings suggest that touching agriculture, mitigation
strategies implemented at sub-sector level may not reduce emissions but rather shift
emissions to another sub-sector. Therefore, GHG mitigation strategies for agri-food
systems in Africa should be evaluated while keeping all sub-sectors in perspective.
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systems
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Spatial targeting of adaptation efforts in the livestock sector
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Climate change has emerged as a significant threat to livestock and the ecosys-
temgoods and services onwhich they depend. With projections of rising tem-
peratures and CO2 levels, changing rainfall patterns, and increased climate
variability and occurrence of extreme events, the direct impacts of climate
change on livestock can be seen through behavioural and metabolic changes,
including reduced feed intake, increased energy requirement, and decreased
conception rates. Additionally, indirect impacts are felt through various chan-
nels, including a mismatch between increasing water demand and decreas-
ing water supply, increased pest and disease pressure, biodiversity losses,
changes in quantity and quality of feed resources, and changes in overall sys-
tem productivity and livelihood patterns.
Regions identified as the most vulnerable to climate change, such as sub-
Saharan Africa and South Asia, also rely heavily on livestock for food, in-
come, and livelihoods. Thus, adaptation is critical for these regions to cope
with themultiple stresses caused by the rapidly changing climate. To address
this need, we compiled spatially-explicit climate risk layers for Ethiopia, Tan-
zania, Kenya, Senegal, Mali, Tunisia, and Colombia and uploaded them to the
Targeting Tools platform for easy access.
TargetingTools is aweb-basedGIS tool (https://targetingtools.ciat.cgiar.org/)
that facilitates the combination of different climate risk indicators, including
bio-climatic variables, risk of droughts, floods, heat stress, flooding and wa-
terlogging, into risk hotspot maps. The tool is user-friendly and packaged
with a spatial database, making it ideal for use by students, educators, and
development practitioners. Through the characterisation function of the tool,
users can estimate the extent to which people, animals, and crops are exposed
to climate risks and identify priority areas for adaptation action. In summary,
our study provides a practical solution for supporting adaptation efforts in
vulnerable regions by providing easy access to spatial climate risk informa-
tion.
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Economic performance and greenhouse gas emissions of two
typical beef production systems in Eastern Kenya
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Kenya has one of the major cattle populations in Eastern Africa, of which around ¾
are beef cattle. Especially for households in the arid and semi-arid regions of Kenya,
beef cattle production is an important economic activity. Located in less favourable
production environments, low opportunities for cropping or dairy production exist.
The production systems in arid and semi-arid lands suffer climate change more di-
rectly, being less resilient to weather shocks. At the same time, they are a hotspot of
greenhouse gas emissions per kilogram produced. In the recent past, Kenyans’ meat
consumption has been rising, with beef representing 77% of the annual intake in 2019.
The expected further increase due to economic growth and a growing population of-
fers economic opportunities to local producers. Despite the importance of developing
pathways for sustainable beef production, only little data is available, particularly on
the farm-level economics and greenhouse gas emissions related to the specific beef
production systems. Based on the typical farm approach, we identified two beef pro-
duction systems in Eastern Kenya: a pastoral beef production system and an agro-
pastoral production system combining beef production with cropping. Data has been
collected through expert interviews and producer focus groups in Isiolo County for
the pastoral beef production system and in Kitui County for the agro-pastoral beef
production system. We carried out an analysis of the economic performance, includ-
ing factor use, production inputs, and farm outputs. We estimate the greenhouse gas
emissions associated with beef production at farm-level by applying tier 2 IPCC 2019
methodology. Based on literature research and expert information, we model locally
appropriate production scenarios addressing herd management and feeding strate-
gies. In an ongoing analysis, we assess their impacts on economic performance and
greenhouse gas emissions anddiscuss potential co-effects between climate changemit-
igation and adaptation. Our results contribute to the understanding of beef produc-
tion at farm-level and identify leverages for more sustainable beef production in typi-
cal Eastern Kenya production systems. This study contributes to a flagship project of
the Global Research Alliance on Agricultural Greenhouse Gases (GRA), called Eco-
nomics of GHG mitigation at farm level in global cattle production systems.

Keywords: Beef production, climate change mitigation, farm economics, greenhouse
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Climate change impacts on the agro-climatic suitability of
major food and cash crops in Madagascar

ANNA HAMPF
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Germany

Madagascar is one of the most food-insecure countries in the world with al-
most half of its population suffering from undernourishment. In 2019–21, an
exceptional drought caused by well-below average rainfalls led to massive
failure of the country ́s main food (rice, cassava, maize and sweet potato) and
cash (coffee, sugarcane, vanilla and cloves) crops. Although climate change
only played a limited role in this drought, early adaptation planning is crucial
to increase the resilience of mainly rain-fed agriculture. Here, we assessed
the impact of climate change on the agro-climatic suitability of major food
and cash crops in Madagascar using the Crop Ecological and Environmental
Requirements (EcoCrop) model. Ecocrop is a mechanistic model that uses
monthly temperature and precipitation data and characteristics to determine
the suitability of a crop to be grown in a specific location. Model calibra-
tion was done based on input from local experts and literature, as well as,
high-resolution CHELSA-W5E5 meteorological forcing data. The model per-
formance was tested against data of harvested area at district level. ISIMIP3b
climate data that provides bias-corrected CMIP6 climate forcing for ten global
circulation models and three SSPS (SSP1-RCP2.6, SSP3-RCP7.0 and SSP5--
RCP8.5) was used for future model runs. Model results indicate that the
agro-climatic suitability of both food and cash crops is likely to decrease under
global warming scenarios, however, with some regions and crops being less
affected. The largest decrease in suitable land was simulated for rice, particu-
larly in parts of the Taomasina, Mahajanga and Antananarivo province. Cof-
fee suitability was simulated to decreasemainly on the central eastern coast of
Madagascar, remaining suitable in the country ́s north. Possible adaptation
potentials could be the substitution of rice cultivation by maize or cassava in
the northern part of the country. Simulation results also suggest that the ex-
pansion of sweet potato cultivation is a suitable adaptation option as this crop
is less affected by climate change. It can be concluded that crop production in
Madagascar is likely to become more challenging under climate change and
that appropriate adaptation strategies are needed to increase income and food
security among a highly vulnerable population.

Keywords: Climate change, coffee, simulation

Contact Address: AnnaHampf, Potsdam Institute for Climate Impact Research, Adaptation in
Agricultural Systems, Berlin, Germany, e-mail: anna.hampf@pik-potsdam.de

ID 967 239



Climate change

How do extreme climate events affect farm food production?
An analysis from Brazil
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Agriculture expansion in Brazil has continuously grown for the last three
decades, at least. Such expansion has affected indigenous communities liv-
ing in forest areas and the environment, also increasing climate change effects.
From a global perspective, there is evidence of the relevance of these effects
on the agricultural sector itself: between 2003 and 2013, most damages from
extreme climate events like droughts and floods were suffered by the global
agricultural sector. In the same way, most of these damages took place in de-
veloping countries. Considering this view, developing countries with strong
agricultural sectors were considered relevant case studies. In this sense, this
work aims at analysing the incidence of extreme climate events and how they
affect farm food production in Brazil, under a multi-hazard assessment ap-
proach and correlation analysis. To do this, the losses from extreme climate
events and their implications on the agricultural sector were explored. Re-
sults indicate that changes generated by agricultural expansion at the coun-
try level have had a positive economic outcome but with strong impacts on
traditional communities and the environment. In addition, negative effects
resulting from natural disasters and extreme climate events showed greater
losses in economic and infrastructural terms in the last years of the study.
In sum, the economic trade-off between the increasing agricultural expan-
sion and the corresponding long-term environmental and economic impacts
is negative, which suggests a counterproductive effect of agricultural expan-
sion for the future of agriculture itself. The study suggests the adoption of
solutions based on technology for productivity growth and the adoption of
risk management strategies as policy recommendations.

Keywords: Agricultural expansion, Brazil, extreme climate events, farm food
production.
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Prioritizing climate-smart cattle farming practices and
technologies for sustainable livestock production in

Colombia’s Orinoquia region
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The Orinoquia region in Colombia is home to diverse ecosystems, including forests
and various agroecological zones, but extensive cattle ranching poses a significant
challenge as it contributes to deforestation and threatens the region’s valuable forest
resources. To address this issue, there is a growing interest in promoting low-carbon
land use and practices that increase adaptation and resilience to climate change.
Climate-smart cattle farming (CSCF) integrates adaptation, resilience, and mitigation
strategies to ensure sustainable and profitable productivity. This study aimed to iden-
tify, evaluate, and prioritise CSCF practices and technologies for the Orinoquia region
in Colombia in a participatory manner. The framework developed for the study in-
volved a first phase of identification and evaluation of CSCF practices and technolo-
gies based on evidence from the literature, followed by a second phase of classification
and prioritisation of practices through participatory processes with key stakeholders
in the region. CSCF practices were evaluated and ranked by five pillars: productivity,
mitigation, adaptation, economic feasibility, and ease of implementation (perception
pillar). Indicators analysed included animal stocking rate, weight gain, duration of
practice evidence, enteric methane emission intensity, soil carbon stock, establishment
costs, and forage production in high and low precipitation seasons, ease of implemen-
tation, and level of interest in the practice by the producers.
The study found that intensive silvopastoral systems for browsing, improved pastures
plus rotational grazing, and grazing management practices represented the CSCF op-
tions with the greatest productive, environmental, and economic benefits. These prac-
tices can help promote a productive, profitable, and climate-adapted livestock sector in
the region. The participatory approach used in the study can also facilitate alignment
between sectors and policies and help develop farmers’ capacities and knowledge to
make climate-smart choices in their livestock production systems. In conclusion, pro-
moting climate-smart cattle farming practices is crucial for ensuring sustainable and
profitable productivity in the Orinoquia region of Colombia. The participatory ap-
proach used in this study can help identify, evaluate, and prioritise CSCF practices
and technologies that are productive, profitable, low-carbon and climate-adapted.

Keywords: Adaptation, climate change, mitigation, Orinoquia, sustainable livestock
farming
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Climate change impacts on maize yields in Cameroon as
mediated by heat-tolerance adaptation

LENNART JANSEN
University of Kassel, Agroecosystem analysis and modelling, Germany

Sub-Saharan Africa is projected to be exposed to above-average climate change and
possesses thereto substantial exposure to climate change hazards, especially in its agri-
cultural sector, so adaptation will be necessary to safeguard food security. This is
urgent, because tropical and subtropical maize production regions approach critical
temperature thresholds in the growing season already in today’s climate. Adaptation
requires an understanding and assessment of potential impacts of climate change on
crop production and possible adaptation options. These can be studied using process-
based crop models. Here, the agricultural production systems SIMulator APSIM was
used to model climate change impacts on maize in Cameroon in a spatially disaggre-
gated, grid-based approach as to represent Cameroon’s diverse agro-ecological zones.
This was done for the two climate change scenarios SSP1–2.6 and SSP3–7.0 for the time
period 2020–2100. The impact of heat tolerance adaptation in maize was assessed by
parametrising one unadapted baseline variety and one synthetic heat-tolerant variety
in APSIM and comparing yield outcomes. Model performance was satisfactory, and
results indicated major yield losses for unadapted maize under both climate change
scenarios. Yield losses were highest in Cameroon’s semiarid north and under the high
emissions scenario SSP3–7.0 in which case national mean yield losses exceeded 60%
compared to the baseline period 1995–2015. Climate change impacts on maize yield
could be dominantly attributed to heat stress. Heat tolerance adaptation substan-
tially mitigated yield losses under climate change and also led to yield increases in
the baseline period, indicating the presence of limitations to maize yield due to heat
stress already now. Mean yield gains conferred by heat tolerance adaptationwere over
0.5 t ha-1 and yields of the adapted cultivar were higher than for the baseline cultivar
in all time periods and for both scenarios. The magnitude of the gains however was
time- and scenario-dependent. When compared to the baseline period, yields of the
adapted cultivar still substantially declined under the high emissions scenario after
2050, which implies insufficiency of heat tolerance adaptation alone for completely
mitigating impacts of severe warming in tropical maize production regions.

Keywords: Adaptation, APSIM, Cameroon, climate change, crop model
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Non-local cattle breed farmers’ perception of climate
variability and adaptation strategies in Benin

COSSI ULRICHE AFATONDJI1, THANH THI NGUYEN2, EVA SCHLECHT3,
LUC HIPPOLYTE DOSSA1

1University of Abomey-Calavi, Fac. of Agricultural Sciences, School of Science and Tech-
nics of Animal Production, Benin

2University of Kassel, Organic Plant Production and Agroecosyst. Res. in the Tropics
and Subtropics, Germany

3University of Kassel / University of Goettingen, Animal Husbandry in the Tropics and
Subtropics, Germany

In response to the growing demand for livestock products, zebu cattle breeds
from the semi-arid Sahelian zone, perceived as “high milk-producing”, such
as Gudali, White Fulani, M’Bororo, and Azawak, have been increasingly in-
troduced into various livestock production systems in central and southern
Benin. However, in these sub-humid and humid zones, these breeds are
facing environmental and anthropogenic challenges that may prevent them
from expressing their full production potential. This study aimed to docu-
ment the perception of keepers of non-local cattle breeds of the impacts of
climate change on their cattle keeping and analyse possible adaptation strate-
gies. Randomly selected 305 keepers of non-local cattle breeds were inter-
viewed with a questionnaire in three vegetation zones (Guineo-Congolese,
Guineo-Sudanian and Sudanian) of Benin. Comparing respondents’ percep-
tions to recently published climate trends showed that a majority was aware
of a decrease in rainfall pattern (74.4%) and of an increase in temperature
(88.2%). Perceptions did not differ between vegetation zones and agreed
with rainfall and temperature data recorded during 1990–2020. In the sur-
veyed herds, White Fulani (34.0%), Gudali (20.4%), Azawak (6.3%) and
M’Bororo (1.9%) were encountered along with crossbreed zebu X taurine
(28.4%) and shorthorn taurine breeds (9.0%). According to the respondents,
the observed climatic changes negatively impactmilk yields (99.7%), herd re-
production (97.0%), herd size (74.1%), and threaten livestock productivity
(92.5%). In response to these negative impacts, respondents mentioned to
increase crop residue feeding (80.7%), continue long-distance herd mobility
practice despite its ban (20.0%), and shift to local taurine breeds (14.1%). A
logistic regression analysis revealed that vegetation zone and breed compo-
sition of the herd determined the choice of herd mobility. Keepers with more
than 60% White Fulani in their herd were 23 times more likely than others to

Contact Address: Luc Hippolyte Dossa, University of Abomey-Calavi, Fac. of Agricultural
Sciences, School of Science and Technics of Animal Production, 01 BP 526, Cotonou, Benin,
e-mail: dolhip@yahoo.com
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practice mobility. However, long-distance mobility has been disrupted and is
restrained to areas spared from rising insecurity caused by militant Islamist
groups. In addition to climatic variability affecting forage availability, dwin-
dling access of mobile herds to available pasture could be another important
factor that hinders the expression of the performance potential of non-local
breeds.

Keywords: Adaptation strategies, climate variability, logistic regression, non-
local cattle breeds

244 ID 370



Climate change, agriculture and adaptation — Online posters

Climate-related risk modelling of banana xanthomonas wilt
(BXW) disease incidence within cropland area of Rwanda

JULIUS ADEWOPO1, REGINA KILWENGE2, SVETLANA GAIDASHOVA3
1International Institute of Tropical Agriculture (IITA), Natural Resource Management,
Rwanda

2International Institute for Tropical Agriculture (IITA), Natural ResourceManagement,
Kenya

3Rwanda Agricultural and Animal Resources Board, Banana Programme, Rwanda
Banana Xanthomonas Wilt (BXW) is the major threat to banana in Rwanda,
causing up to 100% yield loss. There are no biological or chemical control
measures, and little is known about potential direction and magnitude of its
spread, so cultural control efforts are reactive rather than proactive. In this
study, we assessed BXW risk under current and projected climate, to guide
early warning and control by applying maximum entropy (Maxent) model
on 1,022 georeferenced BXW datapoints and 20 environmental variables. We
evaluated the variables’ significance and mapped potential risk under cur-
rent and future climates to assess spatial dynamics of the disease distribu-
tion. BXW occurrence was reliably predicted (mean validation AUC rang-
ing from 0.79–0.85). Precipitation of the coldest quarter, average maximum
monthly temperature, annual precipitation, and elevationwere strongest pre-
dictors, explaining 21.1%, 13%, 12.6%, and 9.4% of the observed incidence
variability, respectively, while mean temperature of the coldest quarter has
the highest gain in isolation. Further, the most susceptible regions (in west-
ern, northern, and southern Rwanda) are characterised by elevation (1,350m
- 2,000m), annual precipitation (900 mm - 1700 mm), and average tempera-
ture (14 ∘C - 20 ∘C), among other variables, suggesting that a consistent, rainy,
and warm climate is more favourable for BXW spread. Under future climate,
the risk is predicted to increase and spread to other regions. We conclude that
climate change will likely exacerbate BXW-related losses of banana land area
and yield, under temperature and precipitation influence. Findings support
evidence-based targeting of extension delivery to farmers and national early
warning for timely action.

Keywords: Banana, climate change, decision-support, digital innovation, early
warning, risk, xanthomonas wilt
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Weather and climate information use and needs for rice
production, cross river state, Nigeria

HILDA CHIA ETA
University of Calabar, Dept. of Agricultural Extension and Rural Sociology, Nigeria

Agriculture in developing countries is climate dependent. Consequently, climate and
weather forecasts have the potential to assist small scale farmers make informed deci-
sions that will boost the quality and quantity of crops produced. Contrarily, climate
and weather information disseminated are often in forms that are ill-suited for use by
small scale farmers. This study sought to investigate weather and climate information
use and needs for rice production in Cross River State, Nigeria. It adopted amultistage
sampling procedure resulting to the selection of 125 rice farmers. A set of structured
questionnairewas employed to elicit information from farmers. Descriptive andmulti-
nomial logistic regression analysis were used to analyse the data. Results showed that
the majority (57.6%) of rice farmers were males, 47.2% had attained secondary edu-
cation, and 32.8% were not aware of available weather and climate information in the
study area. Major types ofweather/climate information used for rice productionwere:
onset/length of rainy season (86.4%), sunshine duration (84.8%), end of rainy season
(83.2%), daily temperatures (81.6%), and wind direction (80.8%). Weather and cli-
mate information that significantly aided decision making in rice production were:
information on onset and end of rainy season (x̄=4.34), forecasts on extreme weather
events like floods and/or droughts (x̄=4.33) and chances of wet spells (x̄= 4.14). Rice
farmers’ key weather information needs were identified as: information on how to
copewith risk and uncertainty (95.2%), information onwater management especially
during dry season (92.8%), soil nutrient management information (92.8%), and in-
formation on how to reduce the negative consequences of weather/climate on rice
production (92.8%). Significant constraints to farmers’ use of weather/climate infor-
mation were: inadequate access to climate information (x̄=4.43), inadequate money
to buy radio, television, cell phones, batteries, (x̄=4.36) and absence of electricity or
unreliable power supply (x̄=4.34). The binary logistic regression model showed that
educational level (𝑝 = 0.033) and farming experience (𝑝 = 0.043) had significant pos-
itive effects on the use of weather and climate information at 𝑝 = 0.05. The study rec-
ommended that weather and climate information providers should present weather
and climate in readily accessible and practical forms to enhance uptake by farmers.

Keywords: Rice farmers, weather and climate information needs, weather and climate
information use
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Perspectives on premier pathways for sustainable
intensification of agriculture in Africa

SHEM KUYAH1, ADEWOLE OLAGOKE2, INGRID ÖBORN3, FRANK CHIDAWANYIKA4,
EMILY POPPENBORG MARTIN2

1Jomo Kenyatta University of Agriculture and Technology (JKUAT), Kenya
2Justus Liebig University of Gießen, Inst. of Animal Ecology and Systematics, Germany
3Swedish University of Agricultural Sciences (SLU), Crop Production Ecology, Sweden
4International Centre of Insect Physiology and Ecology (ICIPE), Thomas Odhiambo
Campus, Kenya

Sub-SaharanAfrican (SSA) countries are disproportionately confrontedwith lowagri-
cultural yields and other associated challenges, which are exacerbated by global envi-
ronmental changes. To feed the growing population, agriculture is being intensified
and expanded, even in the marginal areas that are more vulnerable to such changes.
However, expansion and intensification of agriculture are known to substantially con-
tribute to climate change, especially in areas where climate-smart agricultural prac-
tices are not common. To effectively create a sustainable change in the sector, novel
user-focused technologies need to be developed, tested, and applied to different local
contexts across SSA. Simply put, innovative technologies will be decisive in transition-
ing agriculture toward greater sustainability. Yet, choosing suitable practices is not
trivial, mainly because of the context-specificity of information on innovations with
potential to contribute to the sustainable intensification of smallholder farms. Litera-
ture abounds with a mix of anecdotal evidence and empirical studies with conflicting
conclusions. To bridge this gap, this talk provides an overview of options for further
intensification of smallholder farming in Africa by evaluating existing opportunities
for increasing yields, creating resilient production systems and reducing carbon foot-
print. A case study will be highlighted to underscore the importance of participatory
design and validation, including citizen science. We will show how continuous en-
gagement with stakeholders increases our knowledge of regional-level systems and
their needs, and supports the co-creation of regionally adapted pathways. Using ex-
amples from the UPSCALE project (https://upscale-h2020.eu/), we will discuss how
multiple approaches can be combined to offer systemic solutions that can make agri-
culture inAfricamore sustainable, and how these solutions can be fully integrated into
regional-level climate adaptation and mitigation strategies, enabling resource conser-
vation and circular approaches. Further, innovative technologies that can be further
intensified to build multifunctional solutions that meet the pressing needs of food,
fuel, and fiber will be discussed. We will then provide an appraisal of the necessary
framework conditions for the selected solutions to succeed, based on empirical values
from the examples and targeted multi-actor knowledge exchange.

Keywords: Agroforestry, circular approaches, integrated agroecology, regenerative
agriculture, resource conservation
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Potential for the adoption and use of climate-informed
agro-advisories by smallholder farmers in a dryland district

of Tanzania
JACOB EMANUEL JOSEPH1,2, ANTHONY M. WHITBREAD1, REIMUND P. RÖTTER2

1International Livestock Research Institute (ILRI), Tanzania
2University of Goettingen, Dept. of Crop Sciences; Tropical Plant Production and Agri-
cultural Systems Modelling (TROPAGS), Germany

Climate variability has a substantial impact on the productivity, sustainability, and re-
silience of dryland farming systems. Studies have shown that smallholder farmers can
enhance the sustainability and resilience of their farming systems by properly utiliz-
ing climate information services (CIS). However, smallholder farmers in the Kongwa
district in central Tanzania and similarly in most dryland regions of Tanzania, are
still far behind in terms of co-creation, adoption, and usage of CIS to reduce climate-
related risks and increase crop yields. This study assessed the major challenges faced
by smallholder farmers in the Kongwa district in adopting and utilizing CIS. To this
end, a forecast-based digital advisory tool called iSAT was piloted prior to and during
the growing season, to demonstrate how tomeaningfully access CIS, improve on-farm
decision-making, increase resource use efficiency, and achieve better climate riskman-
agement. To gain a deeper understanding of the issues that smallholder farmers are
confronted with, focus group discussions and household surveys were undertaken.
Climate records were analysed to establish thresholds and triggers for various on-
farm decisions, with the results used to refine the design and operationalization of
iSAT. We found that accessibility, reliability, and timeliness were the primary issues
limiting farmers’ effective uptake and usage of CIS. Other issues were illiteracy and a
lack of location-specific content to assist farmers in properly managing climate risks
in agricultural production. More than half of the challenges were attributed to the in-
efficiency of CIS providers. An evaluation of the effectiveness and efficiency of iSAT
in addressing these limitations found that farmers in intervention villages managed
climate risks better than farmers in control villages. The growing awareness and in-
terest among farmers in adopting and utilizing CIS provide an opportunity for the
public and private sectors and policymakers to re-evaluate and innovate CIS delivery
to empower farmers to better manage climate risk. Based on our findings and those
from other studies in similar production environments in India, Kenya, and Senegal
we conclude that iSAT, the tool developed and tested in the study area, presents a
viable model for delivering climate-informed agro-advisories to smallholder farmers.

Keywords: Agro-advisories, climate change and variability, climate information ser-
vices, seasonal climate forecasts, smallholder farmers
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Practising agroecology strengthens farmers’ perceived ability
to cope with climate change

AMRITBIR RIAR1, ALEXANDER HEER1, RAJWINDER RIAR 1, LEONE FERRARI1, TANAY
JOSHI1, IBRAHIM HAMADOU2, VERONICA MASSAWE3, JOUS CLÉMENT4,

ETIENNE BASSET5, MONIKA MESSMER1

1Research Inst. of Organic Agriculture (FiBL), Switzerland
2University of Bern, Inst. of Plant Sciences, Switzerland
3SWISSAID Tanzania, Tanzania
4SWISSAID Chad, Chad
5SWISSAID, Switzerland

Integrating agroecological practices into farming systems can improve farm-
ing systems’ resilience, but reported effects vary across geographies and pro-
duction systems. Enhancing the resilience of farming systems by introduc-
ing new agroecological practices comes with positive and negative tradeoffs.
Farmers’ decision to adopt new agroecological practices or additional agroe-
cological practices is driven by factors such as other resource availability and/
or return on investment. In addition, farmer decisions are sometimes driven
bymotivational factors rather than return on investment. We hypothesise that
farmers’ awareness about their ability to cope with climate change is corre-
lated with the number of agroecological practices followed by farmers. To
assess the farmers’ perception of their ability to cope with climate change
and which agroecological practices they followed, we surveyed 3038 farm-
ers in rural regions of Chad, India, Niger, and Tanzania. Survey questions
were standardised in preliminary focused group discussions with farmers
and other stakeholders. Individual interviews were conducted with the re-
spondents chosen through systematic sampling, irrespective of their farming
practices or other demographic factors. Correlations between agroecological
practices, gender, and the farmers’ perspectives on climate change were in-
vestigated using the FactoMineR package in R. The share of female farmers’
participation in the survey was 50.0%. Prevalent production systems in the
regions are rainfed and organic by default. Thus, most farmers mentioned a
change in rainfall patterns as the most challenging adverse climate change in
past years, followed by more disease incidences, increased temperatures, and
droughts. Crop rotation, Intercropping, mulching, and crop diversification
are the leading agroecological practices for farmers in the regions. About 70%
of farmers in the regions perceive that they cannot cope with climate change.
Farmers’ perception of their ability to cope with climate change strongly cor-
relates with the number of agroecological practices they follow. On average,

Contact Address: Amritbir Riar, Research Inst. of Organic Agriculture (FiBL), International
Cooperation, Ackerstrasse 113, 5070 Frick, Switzerland, e-mail: amritbir.riar@fibl.org
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the perceived ability to cope with climate change was high for the farmers
who practised one more agroecological practice than fellow farmers. This
signifies the importance of integrating agroecological practices into farming
systems to enhance their ability to cope with climate change. More country
and gender-segregated results will be present to help site-specific decisions
making by practitioners and policymakers.

Keywords: Agroecology, biophysical and socio-economic factors, climate
change
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Behavioural traits and resilience to droughts among farming
households in Thailand

ROBYN BLAKE-RATH, RASADHIKA SHARMA, ULRIKE GROTE
LeibnizUniversität Hannover, Institute for Environmental Economics andWorld Trade,
Germany

Climate change, in the form of intensified environmental shocks, adds significantly to
existing challenges of small-scale farming households, especially in developing coun-
tries. Depending on the resilience capacity, households can adopt various response
strategies, influencing their ability to maintain assets and how they are converted
into income and broader development. Therefore, determinants pertaining the house-
hold’s choice of response strategies demand attention. Literature identifies household
financial and social capital as important determinants. However, evidence on the role
of human capital, especially behavioural traits, is scarce. These have shown to in-
fluence behaviours and attitudes, affecting socio-economic life. Most findings on be-
havioural traits and resilience are based on data from developed countries and may
not hold in the context of emerging economies. Therefore, the aim of this paper is to
investigate the role of behavioural traits in the household’s choice of response strate-
gies to droughts in rural Thailand. In particular, we examine (i) how behavioural
traits influence the decision of households to adopt absorptive, adaptive or transfor-
mative strategies and (ii) how they act as mediators. We use primary household level
data on approximately 2,000 households from the Thailand Vietnam socio-economic
panel project from 2017 and 2019, in combination with spatial precipitation data to
also obtain causal effects. We consider a set of nine response strategies, three for each
resilience capacity, together with seven measures of behavioural traits. A general-
ized structural equation model is executed in order to estimate direct and mediating
effects. Our results show that while behavioural traits play a minor role in the up-
take of absorptive strategies, they significantly influence the household’s decision in
regard to adaptive and transformative strategies. As mediators, risk preference is neg-
atively influenced by droughts and household income is positively related to the trait
openness and negatively to neuroticism. We can also confirm income as a consistent
predictor for response strategies. As a result, the role of behavioural traits should
be acknowledged in policy and intervention designs together with increased human
capital investments. Potentials resulting from long-term responses, especially follow-
ing severe droughts, should be fostered, in order to enhance resilience of small-scale
farming households in developing countries.

Keywords: Behavioural traits, environmental shocks, farming households, household
decision-making, resilience

Contact Address: Robyn Blake-Rath, Leibniz Universität Hannover, Institute for Environmen-
tal Economics and World Trade, Königsworther Platz 1, 30167 Hannover, Germany, e-mail:
blake-rath@iuw.uni-hannover.de

254 ID 687



Resilience and adaptation to climate change — Oral Presentations

Climate resilience of family livestock farmers with
silvopastoral system

INGRID ROMERO1, ROBERTO SCOZ2, ADRIANA BUSSONI1
1Universidad de República (UdelaR), Agronomy College, Dept. of Social Sci., Uruguay
2Independent Consultant, Uruguay

Resilience is the ability of a system to withstand and recover from adverse
conditions. The scientific community attributes three capacities to resilience:
the capacity to absorb shocks (absorption), the capacity to adopt new strate-
gies (adaptation), and the capacity to transform (transformation). The work
aims to identify the resilience against extreme weather events of family farm-
ers with silvopastoral systems (SPS). Semi-structured in terviews were con-
ducted, asking them about their perceptions of climate change and the actions
they have taken. Producers perceive longer summers and winters, changes in
frost and rainfall patterns, greater solar intensity and an increase in extreme
weather events. Drought was mentioned by 72% of the respondents as the
main adverse event with the greatest multiplier effect of damage: lack of fod-
der, low pregnancy rate, reduction in stocks, and sales with economic dam-
age, i.e. the productive capacity of the system is damaged. The most com-
mon strategy for coping with drought is to reduce stocking rates, wean cows
early and purchase rations and bales. The absorptive capacity of the system
in the face of this event is to have water from wells and cutwaters, although
this does not solve the loss of feed availability from the natural field, it does
reduce productive damage such as loss of environment. Producers with SPS
show a lower perception of vulnerability, recover faster after an adverse event,
show greater diversification of incomewithin the production system, i.e. they
show greater adaptation. The practices implemented by producers with SPS
in the face of adverse climatic events are: rotational grazing, subdivision of
paddocks, livestock management, improvement of natural fields, and water
management. It can be concluded that producers who are more open to the
adoption of new technological practices are generally more resilient, partic-
ularly in terms of greater absorption and greater adaptation. The resulting
conditions cannot be attributed to a single factor, such as the adoption of SPS,
but rather to a series ofmeasures adopted by the producer in recent years. The
factors that increase the resilience of family farms and allow these producers
to remain in the production system should continue to be studied.
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Resilience and agroforestry options in rural Zambia:
Identifying the vulnerable and tailoring support to their

aspired future
LUZIA DEIßLER1, KAI MAUSCH2, ULRIKE GROTE1

1LeibnizUniversityHannover, Inst. for Environm. Economics andWorld Trade, Germany
2Center for International Forestry Research (CIFOR)-World Agroforestry (ICRAF),
Nairobi, Kenya and Bonn, Germany

In the face of various global challenges, particularly climate change, smallholder agri-
culture needs economically, ecologically, and socially sustainable concepts. Investi-
gating how individuals, households and communities react to and deal with adverse
shocks today, while planning for better futures, can support the promotion of innova-
tive and sustainable practices. As part of the World Agroforestry’s Fruit Tree Portfolio
(FTP) project which promotes nutrition sensitive agroforestry options, we collected
data from 745 rural Zambian smallholder households in early 2022. We aim to support
the identification of farmers who can benefit from specific resilience building prac-
tices, while assessing their potential and specific interests to adopt such practices. We
first analyse smallholder farmers’ resilience to adverse shocks by performing a multi-
variate regression on three interrelated resilience indicators (life satisfaction, recovery
time and loss per shock). We find positive correlations between resilience and more
diverse income portfolios (reduced recovery time and loss), higher educational attain-
ment (higher life satisfaction; lower losses) and more developed networks (reduced
recovery time). In addition, a household shows an increasing resilience to adverse
shocks with an increasing number of experienced shocks. We then apply an innova-
tive multidimensional framework for livelihood strategies to assess the potential of
smallholder households to adopt agroforestry as a resilience building practice. We
conduct k-means cluster analysis for the three resilience variables, identifying three
clusters (low, medium, high resilience). High resilience is correlated with a lower
likelihood of being poor (Poverty Probability Index), more diverse income sources, an
aspirational focus on the acquisition of productive assets, but low overall ambitions, as
well as a high number of memberships by the respondent and lower crop diversity on
farm. Households with low resilience show high aspirations, fewer income sources
and focus on private life improvement rather than acquiring productive assets. By
including livelihood aspirations of farmers, next to other socio-economic household
and farm characteristics, the framework provides a clearer and more context-specific
evaluation for ex ante analyses of target groups for agroforestry projects. This allows
development agencies to approach interventions in a more inclusive manner by in-
corporating farmers’ views directly into the design of transdisciplinary development
projects.
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Community-led interventions buffer effects impacts of
extreme drought drylands: A case of Turkana county, Kenya

FRANCIS ODUOR1, IRENE INDULI1, BEATRIZ HERERA2, IRMGARD JORDAN1,
CÉLINE TERMOTE1

1The Alliance of Bioversity International and CIAT, Food Environment and Consumer
Behaviour, Kenya

2University of Hohenheim, Inst. of Social Science in Agriculture, Chair of Communica-
tion and Adivisory Services in Rural Areas, Germany

Kenyan drylands, largely inhabited by (agro-)pastoralists born out of the need for
livelihood diversification, are estimated to occupy 80% of the total land mass. These
areas face a different challenge - long history of political and economic marginalisa-
tion, frequent, recurrent droughts, poor access to markets and other services, among
others. These inequalities are exacerbated by the impacts of climate change. The need
for community driven food system transformation, not only responsive to the local
needs but also adapted to the local context, is thus a timely endeavour.
This study applied a cluster randomised control study with 10 intervention commu-
nity units (CUs), and 7 control units in Turkana county. A community led-initiative
identified solutions to local problems identified at baseline in August 2020, amidst
COVID-19 (n=400). Among the solutions, kitchen gardening was identified and im-
plemented by all communities. Two CUs implemented poultry rearing and four CUs
village savings and loaning associations (table banking), in addition to gardening.
Approximately nine months after end of supervised implementation, in August 2022,
at the height of themost severe and longest witnessed drought in the history of Kenya,
a mixed-method impact evaluation study was conducted.
At baseline and endline dietary intakes and dietary diversity of women and children
is very low and shows even a decrease in the mean dietary diversity scores of women
and children from baseline to endline from 2.42±0.97 to 2.06±1.19 for children and
2.51±0.98 to 2.16±16 for women, respectively. Difference-in-difference models reveal
however that the intervention CUs were significantly less affected by the impact of
drought, with a 0.41 and 0.36 statistically significant higher mean dietary diversity
score in children and women, respectively, compared to the control. Food group anal-
ysis reveal increased consumption of pulses, vegetables and fruits in the CUs com-
pared to control. Focus group discussions associated these changes to adoption of
new practices in production, preparation and consumption of food and changes in the
financial cash flows of the households.
Kitchen gardens impacted positively on dietary diversity and buffered against impacts
of drought significantly although it was a new activity for most participants.

Keywords: Community led-participatory initiative, dietary diversity, drylands, food
system
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Food system resilience: Conceptualisation and empirical
application

MARGHERITA SQUARCINA
Georg-August-UniversityGöttingen, Agriculture andRuralDevelopmentDepartment,
Germany

In the last decades, resilience has emerged as a compelling concept for understanding
social and ecological systems in the face of shocks. Although different conceptualisa-
tions of resilience exist in the literature, a consensus on its definition has not yet been
reached. Furthermore, resilience analyses have focused only on specific living stan-
dards or selected components of food systems, failing to capture the whole system
complexity.
There are three main approaches to measuring development resilience, which define
resilience as a capacity, as a normative condition, and as a return to equilibrium. How-
ever, none of themprovide a reliablemeasurement to guide and evaluate development
resilience interventions.
This study aims to fill the upward-mentioned literature gaps by proposing and empir-
ically testing ameasure of resilience that addresses three dimensions of a food system:
economic profitability, environmental sustainability, and adequate nutrition. The pro-
posed model combines the “resilience as capacity” approach developed by FAO with
the conceptualisations of resilience as a normative condition and return to equilib-
rium. The model considers multiple levels, from individual to community, and uses
LASSO regression to select the observable variables that enter the model.
As outcome variables, we consider the probability that each of the three dimensions
of the food system in the aftermath of the shock is at least at the same level as before
the stressor. In this way, we integrate the “return to equilibrium” approach into the
model. When the outcome is defined in terms of a threshold, the “normative condi-
tion” approach is implemented. To test the model empirically, a cross-country anal-
ysis is conducted, using data over at least two points in time from different sources,
combining household surveys with GIS data.
The contributions of this study are four. First, it provides a conceptual framework
of food system resilience that combines the three different approaches proposed by
the literature so far. Second, it uses a food system approach that takes into account
environment and nutrition in addition to the development aspect of resilience. Third,
it tests the model empirically. Fourth, it uses a technique for measuring resilience that
allows for flexibility and adaptability.
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Household nutritional resilience against climate variability
in the Karamoja border region of Kenya and Uganda

CAROLINE KAWIRA
University of Nairobi, Food Science, Nutrition and Technology, Kenya

The main objective of this study is to assess household nutritional resilience
against climate variability in theKaramoja border region ofKenya andUganda.
There are several specific objectives which are:
i. To assess the state of household food and nutrition security of households
within the Karamoja border region of Kenya and Uganda.
ii. To determine households’ resilience against climate variability in relation
to socio-economic and demographic characteristics of households.
iii. To evaluate the barriers and enablers to household nutritional resilience
in the study region.
iv. To evaluate interventions for nutritional resilience of households in the
study region.
Both quantitative and qualitative researchmethodswill be used. Quantitative
data collection was done in the wet and dry seasons and focused on these key
nutritional and food security items: HFIAS (household food insecurity access
scale), MAHFP (months of adequate household food provisioning), 24-hr re-
call and anthropometric measures. Analysis will be done with R. Qualitative
data collection will use KIIs and FGDs (with the questioning route designed
on the basis of data from the baseline quantitative survey). Analysis for qual-
itative data will be done using Nvivo.
Expected outcomes are:
i. Assessment of the state of household food security and nutritional status in
the study region.
ii. Households’ resilience against climate variability in relation to socio-economic
and demographic characteristics of households, food security and nutrition
status in the study region.
iii. Effects of climate variability on household nutritional resilience in the
study region.
iv. Interventions that promote nutritional resilience in the study region

Keywords: Climate variability, Kenya, nutritional resilience, qualitative re-
search, quantitative
research, Uganda
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Gambian farmers’ perception of and access to climate
services on early warning and adaptation
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(FASEG), Senegal

Climate variability and extreme weather are the main contributors to the current in-
crease in global food insecurity. As global temperatures rise, extreme climatic con-
ditions will become more frequent and severe. Using seasonal weather forecasts and
early warning systems will enable farmers and households to adjust their production
plans and take measures to account for expected weather events. Linking early warn-
ing to early action is particularly vital in the agriculture sector.
In agriculture, an estimated 5–10% of domestic agricultural losses are due to changes
in weather. A one-meter rise in sea level would effectively submerge up to 8% of the
country’s land area. In the Gambia, these phenomena are reflected in a significant
drop in harvest, water shortage, and worsening of health crises, resulting in growing
food insecurity and threatening the progress made in the fight against poverty in the
last decades. Studies show that obtaining and using weather forecasts can reduce the
impact of weather shocks by 10–30%.
If climate information is available but does not enable households to adopt adaptation
strategies their value will be lost. Therefore, this study is set to assess how access
to climate information services enables households to adopt climate risk adaptation
strategies.
The binary logistic regression model is used to analyse household access to and the
usefulness of the information for decision-makingwhile themultinomial logit (MNL)
model is used to analyse the perceptions of the usefulness and reliability of earlywarn-
ing and weather forecasting information. The recursive bivariate probit (RBP) model
is used to analyse the determinant of the use of climate information and its impact on
adopting an adaptation measure.
This research results show the level of access to climate information services in the
Gambia, and the main factors that influence access to climate information. How farm-
ers perceived the usefulness and reliability of early warning and weather forecasting
information. The impact of the use of climate information on the adoption decision of
farmers.

Keywords: Access, adaptation, climate services, climate variability, early warning,
perception, The Gambia
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Building resilience to climate change: Addressing
smallholder farmers’ food security concerns in Nepal
GIRI PRASAD KANDEL1, MIROSLAVA BAVOROVÁ1, AYAT ULLAH1, PRAJAL

PRADHAN2, BERNARD KWAMENA COBBINA ESSEL1

1Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of
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2Potsdam Institute for Climate Impact Research, Germany

Global climate change is a major threat to the sustainability of the agricul-
tural sector. As a result of climate-related extreme events, food insecurity is
steadily increasing worldwide. Food insecurity was higher among agricul-
tural households (especially smallholder farmers) than among non-agricul-
tural households. Smallholder farmers are particularly vulnerable to food in-
security due to their high dependence on agriculture for income and liveli-
hoods. Nepal is a country characterised by smallholder agriculture, high
poverty rates and high food insecurity. Food insecurity is a daily problem, es-
pecially for households living in remote areas of the country. Several climate
change adaptation options are being adopted by some smallholder farmers to
increase crop productivity, household income and food security. These adap-
tation options involve either staying in agriculture or abandoning it in order
to improve the food security status of their households. The objective of this
study was to examine the impact of climate change and adaptation strategies
on the food security of smallholder households inNepal. To achieve this, data
was collected from 400 farming households in three agro-ecological zones of
Nepal - Mountain, Hilly and Terai - in 2021. The study found that approxi-
mately 12% and 22% of farming households were classified as food insecure
according to their food consumption score and reduced coping strategies in-
dex, respectively. Results from ordered logit models indicated that climate
change, particularly drought, had a negative impact on food security, while
adaptation strategies such as irrigation, agroforestry and temporary migra-
tion had a positive impact on food security. The study also found that factors
such as education, access to markets, credit and information play a role in
household food security. We recommend that any adaptation strategy to ad-
dress food insecurity should be carefully designed to fit the socio-economic,
climatic and institutional structures of each agro-ecological zone.

Keywords: Adaptation strategies, climate change, extreme weather events,
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Water and well-being: How access to irrigation influences
food security among smallholder farmers

PRAPTI BAROOAH, MUZNA ALVI
International Food Policy Research Institute (IFPRI), India

Access to water is a critical part of nearly all aspects of sustainable develop-
ment. In the Indian context, over 50 per cent of the country’s net sown area is
rainfed and around 78 percent of India’s rainfall is received during the mon-
soon season. Agriculture in the country continues to be heavily rainfall de-
pendent. However, over the years, climate change has had a direct impact
on the onset of monsoon in India which in turn has led to significant shifts
in farming practices. Further, such shifts have a bearing on the nutrition and
food security of the vast majority of rural farming households in the country.
Recent studies also suggest that as much as 80 percent of smallholder farmers
in India will be affected by climate hazards by 2050 and vast areas of land that
are currently under rainfed cultivation could become non-arable exacerbating
food insecurity. We use data from a large-scale surveywith over 2000 farming
households in Gujarat, a large state in western part of India with around two-
third population involved in agriculture and allied activities, to understand
the relationship between irrigation and household food security towards en-
hancing resilience of smallholder farmers in India. Gujarat is also one of the
six Indian states that have been identified as extremely vulnerable to climate
change impacts. The primary respondents are women farmers who are af-
filiated with Self-Employed Women’s Association (SEWA), one of the largest
women’s trade unions in the country. We use linear probability estimation
to look at what determines access to irrigation and the relationship between
access to irrigation facilities and crop diversity and household food security.
We administered the FAO’s Food Insecurity Experience Scale (FIES) to as-
sess household food security. We find that ownership of irrigation pumps is
positively associated with crop diversity. Further, households that reported
ownership of pumps are less likely to suffer from food insecurity. Our results
highlight the need for interventions aimed at leveraging small-scale irrigation
to enhance resilience and improve nutrition and health outcomes.

Keywords: Climate change, food security, India, irrigation, resilience, women
farmers
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Climate Information and demographic influence on
climate-smart agricultural technology adoption in Ghana
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Climate-smart agriculture (CSA) has become a touchy subject among all stakehold-
ers in developing countries such as Ghana. Despite all efforts to promote the CSA to
achieve sustainable yields, boost food and nutrition security, and adapt to and miti-
gate climate change, farmers involvement is low. Stakeholders and other value chain
actors, such as credit and service providers, are withdrawing in large numbers as a
result of the agriculture risk trend. This study, therefore, seeks to suggest that be-
yond the adoption of CSA practices, farmers have to express their prioritisation of the
adopted CSA practices. Stakeholders can therefore focus on adopted practices that are
prioritised by the farmers to ensure increases and sustainable adoption of these CSAs.
Descriptive statistics, multivariate probit, and themultinomial probitmodelwere used
to examine the extent to which farmers have adopted and prioritised CSA practices,
as well as the factors of both adoption and prioritising. It was discovered that the
determinants of CSA practices are best observed when the practices are prioritised.
The study also revealed that not all adopted practices were prioritised, indicating that
adoption is based on additional factors but not solely on utility maximisation. This
alters farmers’ perceptions of the improvement of these practices, which influences
their continuous use of the practices. The CSA practices that were prioritised (climate-
information improvement, leguminous crop rotation, organic improvement of soil
health, pest/disease tolerance varieties, and stress-tolerance varieties) had significant
determinates. This was based on the farmer’s maximal associated benefit of practice,
as they prioritised the ones they adopted. The study discovered that the five priori-
tised practices were climate-information improvement; leguminous crop rotation; or-
ganic improvement of soil health; pest/disease tolerance varieties; stress-tolerance va-
rieties were good for stakeholder investment. The study recommends that, the level
of CSA prioritisation by farmers who are the end users of CSA practices should be
considered by government and stakeholders in their action plans.
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Farmers’ adaptation behaviour to climate change: The case of
central Colombia

ALEXANDER CANO
Justus-Liebig-University Gießen, Intern. PhD Program for Agricultural Economics,
Bioeconomy and Sustainable Food Systems, Germany

Someof the effects of climate change on the agricultural sector include changes
in weather patterns, changes in land suitable for specific crops, water avail-
ability as well as changes in yields, among others. The literature on farmer
adaptive behaviour has been increasing in recent years; however, this area
has been little studied in Latin American countries. To fill this knowledge
gap, twelve villages were visited in the central region of Colombia; In four
out of these 12 villages three or more landslides had occurred, in four other
villages two or more droughts had been experienced, and in the last four nei-
ther of these two climatic emergencies had occurred. A total of 360 farmers
were visited and a lab-in-the-field was conducted. Simulating a radio broad-
cast, half of the farmers received information about climate change, how it
affects the agricultural sector, and what is forecast for this region. Based on
the protection motivation theory, farmers’ perceptions of their vulnerability,
the severity of climate change, and the costs of adaptation were measured, as
well as their psychological distance.
Using four common agricultural adaptation measures in the region (protec-
tion of water sources, agroforestry or agrosilvopastoral practices, soil cover,
and retaining walls) and three monetary measures (diversifying off-farm in-
come, borrowing money from a financial institution or buying some type of
insurance, and borrowing money from a relative, friend or neighbour), farm-
ers’ perceptions of the effectiveness of thesemeasures as a form of adaptation,
their self-efficacy in practicing them, and their intention to use them were
measured. This study is expected to find that farmers’ experiences with cli-
mate emergencies (landslides and droughts) will reduce their psychological
distance to climate change. Likewise, it is expected that access to information
will have an effect on their perception of severity and vulnerability and will
influence their intention to adapt.
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Assessing the mitigation potential of nutrient blocks made of
tropical tree and legumes
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Fruits and leaves of tropical trees and legumes are highly nutritious and serve
as a valuable source of essential nutrients for animal feed. Additionally, since
trees and legumes are native to many tropical regions, they can be grown
andmaintainedwith fewer resources and lower costs than other feed options.
Nutrient blocks are important for providing supplemental nutrition to rumi-
nants when grazing on low-quality forage or during feed scarcity, promot-
ing growth, and maintaining rumen health. This study aimed to evaluate the
in vitro gas production andmethane (CH4) concentration emitted from grass-
based diets and nutrient blocks made from tropical tree fruits, legume leaves
and pods. The nutrient blocks were prepared using fruits from Enterolobium
cyclocarpum (Ec), leaves of Tithonia diversifolia (Td), and leaves (Ll) and pods
(Lp) of Leucaena leucophela. The experiment involved measuring fermenta-
tion parameters at two-time intervals (24 h and 48 h) using a grass diet (75%)
and nutrient blocks (25%), with Urochola brizantha cv. Toledo (Ub) serving
as the basal pasture. A total of nine treatments were evaluated, including T1:
Ub+BC (commercial nutritional block used as control); T2: Ub+BM (mixed
blockwith equal proportions of all tropical tree fruits, legume leaves andpods
tested); T3: Ub+Ll; T4: Ub+Lp; T5: B.Control (100% commercial nutritional
block); T6: B.Mixed (100% mixed block); T7: B.Ll (100% block made from
Ll); T8: B.Lp (block made of 100% Lp), and T9: GT (100% Ub used as com-
parator). The nutritional blocks, prepared with tropical tree fruits, legume
leaves and pods, contained in average 3.9 times more crude protein than the
control block and the grass alone (314, 83.2 and 78.1 gCPkg-1DM, respec-
tively), and the average of neutral detergent fiber content was lower in all
blocks than in the pasture alone (366 vs. 664 gNDFkg-1DM). The results of
the experiment revealed that the treatments had a significant impact on ru-
minal degradation and gas production when the pasture was incubated with
the nutrient blocks. Specifically, the inclusion of tree and forage products in
the blocks led to an average reduction in net CH4 concentration of 13% and
21% per degraded dry matter at 24 h and 48 h of fermentation, respectively.
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Analysis of adaption strategies for minimising the effects of
climate change by smallholder farmers in Laikipia county,

Kenya
FLORENCE ACHIENG’ OPONDO, POTI ABAJA OWILI

Laikipia University, Kenya
Climate change has been identified as the greatest threat to agricultural pro-
duction. In Kenya, farming activities heavily depend on rainfall. In the re-
cent past, planning for farming activities has been a challenge due to either
too much rain or inadequate. Huge losses on crop production and livestock
have been recorded by farmers especially during prolonged dry season. To
address the grave and adverse effects of climate change, the Laikipia County
Government developed a strategic plan through which farming households
were encouraged to diversify crop production and livestock keeping. They
were also advised to adopt fast maturing and drought tolerant crop varieties
andpractice on-farmadaptation practices such as harvesting of rainwater and
practicing climate smart agriculture. Despite these noble efforts, food secu-
rity is still a challenge in the County. It is not clear the extent to which farmers
have adopted and implemented the proposed strategies. Therefore this study
sought to analyse the adaptationmeasures by farming households in Laikipia
County. The objectives of the study included: to determine the extent of adap-
tion strategies for changing temperatures and variability in rainfall. The pop-
ulation of the study consisted of farmers’ in Laikipia County, Kenya. A sam-
ple size of 384 was obtained using four multi-stage random sampling design.
The total number of respondents was 346 which represented 90 percent of
the targeted total sample. Descriptive statistics was used in the analysis. For
changing temperature, the respondents adopted crop diversification (14.5%),
fast maturing crops (7.8%), and undertaking irrigation farming (5.78%). For
variability in rainfall, the respondents adopted early planting (21%), crop di-
versification (43%) and planting fast maturing plants (8%). The study rec-
ommends that more extension officers should be deployed to assist farmers in
undertaking crop diversification, especially fruits and high value crops, and
embrace water harvesting initiatives during heavy rains and use the water to
irrigate their crops during the dry season.
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Wheat rhizosphere bacteriome to heat stress for developing
resilient wheat cultivars to sustain food security
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Institute), Germany

2CIMMYT, Global Wheat Program, Mexico
Heat stress is a significant abiotic stress that affects wheat crop productivity
worldwide leading to potential risks under food security in the next decades
promoted by climate change. In recent years, research has focused on under-
standing the mechanisms by which rhizosphere bacteria enhance plant adap-
tation to heat stress. Bacteria act with plants synergistically to play an essen-
tial role in plant growth, development, and adaptation to heat stress. While
understanding of how the plant microbiome is shaped is steadily increasing,
only a modest number of studies have explored the composition of the rhizo-
sphere bacteriome of wheat-tolerant to heat stress events and its contribution
to plant resilience. To address this issue, we analysed the functional com-
position of the rhizosphere bacteriome to four contrasting wheat genotypes
under heat stress in two crop cycles at the CIMMYT CENEB experimental
research centre and breeding station in the Sonora desert of Mexico. Total
DNA was isolated from Rhizospheric soils (0–30 cm depth) collected from
two field trials on heading + 12 days and heading + 10 days growth stages
respectively, and the rDNA 16S V4 hypervariable region was sequenced em-
ploying next-generation sequencing technologies based on Illumina (MiSeq
and Rapid Mode Hiseq). This approach of understanding the diversity, com-
position, and functional properties of the rhizosphere bacteriome will help
as a baseline to understand the molecular mechanisms underlying the plant-
bacteria interactions that promote genotype adaptation to heat stress events.
The results of this research would allow the potential use of wheat rhizo-
sphere bacteria for enhancing plant adaptation to heat stress and developing
resilient wheat cultivars for adaptation and contributing to sustainable agri-
culture to face climate change.
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Adoption of technologies to increase the resilience of
smallholder farmers in Zambia
LUTANGU ANDREW LITIA, TOMÁŠ RATINGER
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Economics and Development, Czech Republic

Smallholder farmers are currently facing various challenges related to climate
change. There is low productivity and food insecurities are rising due to crop
failure caused by floods, drought, and pests. Many climate smart agricultural
technologies (CSAT), such as conservation farming, have been introduced to
farmers by the public and private sectors. To what extent these technologies
have enhanced resilience, improved agricultural productivity, reduced food
insecurities, increased household incomes, and improved the land to continue
supporting rural livelihoods remains the critical knowledge gap for most re-
searchers and policymakers.
The objective of this study is to investigate the knowledge transfer process
of technologies in dealing with climate change while assuring high and suf-
ficient crop productivity, whilst fostering a sustainable agricultural system.
Specifically, the study will: i.) Identify technologies promoted and practised
either from traditional or as a result of research, ii.) Investigate how farm-
ers learn about alternative CSAT considering private, public, and NGO initia-
tives, and the role of communities, iii.) Investigate the attitudes of farmers
towards CSAT alternatives identified, iv.) To draw policy lessons for the pub-
lic, private sector, and civil societies.
The study will try to use the multidisciplinary framework that will include
the sustainable livelihood framework (SLF) with the francophone agrarian
system analysis approach and the development anthropology.
The study will be conducted in the Kalomo and Monze districts of the south-
ern province of Zambia. Both lie in the agroecological zone I where rainfall is
below 1000 mm. These areas are most hit by droughts and floods, with agri-
culture being the main activity for the local population. These areas are the
maize basket of the nation.

Keywords: Climate change, climate smart agricultural technologies, croppro-
ductivity, food security, precipitation, soil
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Adoption of climate-smart agriculture in smallholder
agri-food systems transformation in Kara, Togo: Tradeoffs
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Climate change threatens food production systems and smallholder farmers’ liveli-
hoods, particularly in developing countries. Farmers’ exposure to weather changes
such as prolonged drought, late start of rains, and shifting rainfall patterns cause in-
come loss and threaten their households’ food security. Climate-smart agriculture has
been heralded as a sustainable approach to increasing agricultural productivity while
adapting to and mitigating climate change. There is a need to understand the full
range of benefits derived from the climate-smart agricultural practices and technolo-
gies promoted to farmers in areas already exposed to several agricultural intervention
projects. This requires an evaluation of agricultural production, farmers’ responses
and their farm management practices at the household level. Our study closes this
gap by employing cross-sectional studies to identify the drivers of farmers’ adopted
climate-smart agricultural practices and their impact on the households’ food produc-
tion. We also assess factors affecting climate-smart practices in transforming agri-food
systems to increase farm households’ food security. We used a mixed-method ap-
proach to collect primary data in the Kozah prefecture of Togo. Quantitative data was
obtained from over 500 farm households, and qualitative data was obtained from fo-
cus groupdiscussions and expert interviews. Thedatawere collected between January
and March 2023. We want to foster discussions on the way forward with agricultural
intervention projects to increase food security for smallholder farmers. First analy-
ses already show that farmers mainly adopt soil management climate-smart practices;
over 90 per cent of farmers do not use improved seeds, mainly due to the costs asso-
ciated with their adoption. The results also show that farmers combine climate-smart
practices on the same plot and find the impact of this combination on their food pro-
duction to be increased yet risky. We anticipate that findings from this study can pro-
vide information to guide policymakers in designing agricultural programmes and
policies that can better address the constraints of low food productivity and high food
insecurity plaguing the country.
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Promotion of climate risk insurances for smallholder farmers:
Insights and learnings from Zambia

MIKA ACHE
University of Duisburg-Essen, Inst. for Development and Peace (INEF), Germany

The Republic of Zambia is a country strongly characterised by agriculture.
In many cases, the agricultural potential is not fully utilised and the har-
vests thus remain comparatively low. This can be attributed to a variety of
factors. One of these factors is that Zambian agriculture is predominantly
seasonal and relies on rainfall. The rainfall having become more and more
irregular and irreliable, this makes Zambian smallholder farmers in particu-
lar extremely vulnerable to weather-related crop failures caused by droughts
and/or floods. At the same time, Zambia is particularly exposed to the im-
pacts of climate change. The frequency and intensity of both drought and
flood events have increased significantly in recent years.
To address this issue, the Zambian government, supported by various actors
like GIZ or WFP, is working on the introduction and dissemination of climate
risk insurances (CRIs), for vulnerable smallholder farmers as one aspect of a
wide range of measures to sustainably strengthen the resilience of this pop-
ulation group. GIZ’s CRIIZ project to promote CRIs was oriented towards
different needs and interests. On the one hand, the product of CRIs should
give smallholders the opportunity to pooländ öutsourcethe risk of extreme
weather-related crop failures. On the other hand, microfinance institutions
(MFIs) and banks also have an interest to insure that smallholders do not
find themselves in the position of being unable to repay (micro)loans they
have taken out due to such crop failures. However, micro or small loans play a
central role in giving smallholders access to sufficient and better-quality agri-
cultural inputs, such as seeds or fertiliser. The Zambian government also has
an interest in strengthening the country’s agricultural sector, and for insur-
ance companies, CRIs offer a potentially lucrative market due to the almost
non-existent supply.
To investigate the acceptance and effectiveness of this approach on the part of
smallholders and on the part of MFIs and insurance companies, various fo-
cus group discussions with smallholder groups, but also intensive interviews
with employees of MFIs and insurance companies were conducted by a team
from INEF (University of Duisburg-Essen). The central findings of this re-
search will be presented here.
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Differences in livelihood resilience between diversified and
intensified smallholder farms in Java, Indonesia

REINHARD REBERNIG1, ARINI UTAMI2, MICHAEL HAUSER1, LORENZ PROBST1
1University of Natural Resources and Life Sciences (BOKU), Dept. of Sustainable Agri-
cultural Systems, Inst. of Development Research, Austria

2Gadjah Mada University, Dept. of Agricultural Socio-Economics, Lab. of Agricultural
Resource and Environmental Sciences, Indonesia

Smallholders in Central Java, Indonesia, have responded to dynamic mar-
kets and climate change by intensifying or diversifying agriculture and by
engaging in off-farm work. Exploratory evidence from the Banjarnegara re-
gency in Central Java, Indonesia, suggested that communities located close
to each other and similar in socio-ecological dimensions (including land and
household sizes and bio-physical factors) have either intensified horticulture
or diversified into agroforestry-livestock systems. Our goal was to learn from
this unique case how each adaptation pathway impacts livelihood resilience.
We define resilience through its three dimensions buffer capacity, capacity
for learning and adaptation, and capacity for self-organisation. All three can
be considered livelihood outcomes. In the empirical study, we investigated
whether smallholders in the two selected communities have indeed predom-
inantly intensified or diversified, and if so, how these adaptation pathways
affect resilience. In collaboration with local actors, we collected data from
78 households that were randomly sampled from all identifiable farm house-
holds in the two communities. We used the CHAID decision tree model and
quantile regressions as the main strategies to analyse the data. We found that
the livelihood strategies in the two communities differed significantly, corre-
sponding to intensification and diversification pathways. Applying indices
for the three dimensions of resilience, we found that households pursuing di-
versification scored significantly higher in all resilience dimensions and the
overall resilience index. Our findings imply that diversified agroforestry may
be a viable livelihood strategy in the region. The study also adds substance
to the debate on agricultural adaptation and the conceptual discourse on re-
silience.

Keywords: Agroforestry, central Java, diversification, intensification, liveli-
hood resilience, smallholder
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Addressing future food demand in The Gambia:
Can increased crop productivity and climate change

adaptation close the supply-demand gap?
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PÉREZ-GUZMÁN2, ZAKARI ALI3, ROSEMARY GREEN1, GENEVIEVE HADIDA1,
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1London School of Hygiene & Tropical Medicine, Department of Population Health,
United Kingdom

2International Institute for Applied Systems Analysis, Austria
3MRCUnit The Gambia at the London School of Hygiene and TropicalMedicine, Gambia
4The Alliance of Bioversity International and CIAT, Senegal

TheGambia faces numerous food system challenges, including growing fooddemand,
climate change, land degradation, low agricultural productivity, and a high depen-
dence on food imports that are at risk from external shocks. To address these chal-
lenges, there is a need to increase domestic food production while limiting deforesta-
tion. In this study, we used the FABLE Calculator, a food and land-use system model,
to simulate scenarios for future food demand and increasing domestic food produc-
tion. We considered the impacts of climate change on crops, the implementation of
climate change adaptation techniques, as well as the potential of enhanced fertilisa-
tion and irrigation to boost crop productivity, and assessed whether these measures
would be sufficient to meet the projected increase in food demand.
Our results suggest that relying solely on increasing crop production will not be suffi-
cient tomeet national food demand by 2050. In the absence of increased imports, crop-
land expansion, or prioritising domestic food crops over export crops, a significant
supply-demandgapwill emerge. However, investing in the scaling-up of productivity-
enhancing farming techniques could potentially halve this gap. Such investments
would require a substantial increase in fertiliser application and irrigation technolo-
gies. To ensure adequate food supply and minimise the need for further cropland
expansion, it is crucial to improve trade by diversifying partners and addressing bar-
riers. Moreover, as dietary habits potentially shift towards healthier diets, domestic
production and trade require further adjustments to accommodate the increased de-
mand for nutritious food groups.
Our study highlights the urgent need for sustained investment and policy support to
comprehensively enhance domestic crop production and trade flows to ensure suf-
ficient and healthy food supplies amidst growing demand and climate change chal-
lenges.
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Water management practices and adaptation to climate
change: Cocoa farmers perceptions in Alto Beni, Bolivia
MELISSA MORCOTE MARTINEZ1, MARC COTTER2, CHRISTINE BOSCH1, ATHENA

BIRKENBERG1
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Institute), Germany

2Research Inst. of Organic Agriculture (FiBL), International Coop., Switzerland

Cocoa is mainly managed by smallholder farmers in the tropics and constitutes one of
the most important export commodities, being an important source of income. Lately,
conventional cocoa monoculture has been promoted to achieve high short-term pro-
ductivity at the expense of deforestation. However, such systems have negatively
affected the water cycle with more intense heavy rains and longer drought periods,
which is threatening food security and human welfare. In that sense, the perception
that farmers have on climate change is determinant to the adoption and implementa-
tion of adaptation measures and policies in agriculture.
Thus, it is imperative a more agroecological approach to answer the question whether
and to what extent cocoa farmers perceive and adapt their farming practices to the
climatic variations, in conjunction with water use estimations of cocoa systems under
different management. As such, the present study includes an analysis of farming
practices’ adaptations to climate change and a comparison of evapotranspiration in
cocoa cultivation under different management.
In Bolivia, traditional cocoa production systems include shade trees. Particularly, co-
coa agroforestry systemsmanaged organically have proven to have smaller water foot-
print and are considered an effective nature-based solution to address climate change,
biodiversity loss, food insecurity and rural poverty among other environmental and
social challenges of this value chain. This study sought to assess evapotranspiration
as a measure of water use in conventional monocultures and organic agroforestry sys-
tems in a long-term field trial in tropical Bolivia. In addition, to assess water and cli-
mate change-related management issues and their impacts on local rural livelihoods,
farmers were interviewed to assess their perception of climate change, the adaptation
of farming practices and water management related knowledge.
The results provide a joint assessment of the water use, key characteristics and, poten-
tial challenges of different management for cocoa cultivation in the context of water-
related climate change. The socio-economic profile of farmers as well as the charac-
teristics of the cocoa farms are described. Furthermore, on farm activities related to
water management, a comparison among farmers’ perceptions on the current climatic
picture and the use of weather forecast tools among other adaptations are presented.

Keywords: Adaption to climate change, agroforestry, Bolivia, cocoa, farmers’
perceptions
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Greenhouse gas mitigation and soil carbon sequestration
practices in the sheep sector

NINA GRASSNICK
Thuenen Institute, Coordination Unit Climate and Soil, Germany

Greenhouse gas (GHG) emissions from sheep production contribute eight
per cent to global GHG emissions from the livestock sector. In some coun-
tries, GHG emission intensity from sheep meat production even accounts for
the highest share of the country’s GHG emission intensity from the livestock
sector. However, little is known about current GHG mitigation and soil or-
ganic carbon (SOC) sequestration practices in the sheep sector. Therefore,
this study aims on identifying policies and actors promoting these practices
as well as what kind of practices are adopted, including adoption barriers.
Data were collected in 2022 through a survey of 16 agricultural economic ex-
perts from 12 countries (Algeria, Argentina, Australia, Canada, Colombia,
France, Germany, India, Iran, Peru, Spain and Tunisia). The results reveal
that governments in 11 out of 12 countries have implemented at least one
policy instrument to promote GHG mitigation and SOC sequestration prac-
tices with relevance for sheep production. These are often soft policy instru-
ments such as research and development and/or farmers’ training. Research
bodies and independent farm advisors are the non-governmental stakehold-
ers that are most active in promoting these practices. On average, farmers
in the selected countries are likely to adopt animal management practices or
practices that enhance productivity to reduce GHG emissions. The practices
that are most likely to be adopted by farmers are feeding a diet balanced in
energy and protein, increasing diet digestibility, increasing the lamb growth
rate for earlier finishing and improving ewe nutrition in late gestation. How-
ever, the adoption of soil and pasture management practices to reduce GHG
emissions or enhance SOC is less likely. This is especially the case for practices
related to pasture renovation and plant selection, land use change, fertiliser
and nutrient management or soil moisture. Avoid conversion of peatlands is
the practice that has been selected most often to be unlikely adopted by farm-
ers. The adoption of practices that enhance productivity is mainly prevented
by economic barriers (e.g. uncertain returns and results as well as hidden
costs). Behavioural/ psychological barriers are the main reason for the non-
adoption of soil and pasture as well as animal management (e.g. conflict with
traditional methods) practices.

Keywords: Adoption barriers, adoption of GHG mitigation practices
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Positive deviance in adaptation to climate change with sheep
fattening: New pathways for farmer-led extension in Ethiopia
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Farmers in the EthiopianHighlands experience severe impact of climate change
in terms of frost, hail and a shift in seasonality and rainfall patterns and in-
tensity. Crop farming as a source of income has therefore become unreliable
and some farmers focus on creating short-term incomes with small invest-
ment in livestock as replacement. We used the positive deviance approach
as a conceptual framework. We started with an original sample of 34 lo-
cal innovators that were selected in a qualitative research process. Conse-
quently, we focused on four pioneer farmers for piloting an in-depth survey
over more than a year in 2021 to 2022. The data collection involved repeated
semi-structured interviews, monthly on farm visits during the implementa-
tion of modern sheep fattening, collecting data records on amongst others
weight changes and feed. Participatory data collection is a learning process,
and pioneers quickly adapted new approaches. We observed that the pioneer
farmers were improving their practices over the short period of time we did
this research together; that they openly engaged with others regarding this
and adopted other farmers’ recommendations easily – and vice versa; and that
they even changed their self-perception from being an ‘ordinary’ farmer to
someone who can become a community facilitator in farmer-to-farmer learn-
ing. We conclude that while we still have to learn more about how to part-
ner with pioneers of adaptation in an on-farm scaling mechanism on climate-
smart technologies, we see already now a promising reframing of how we
can work with farmers. Climate change has a big impact on the farming sys-
tems at such high altitudes. To respond to the fast pace of these changes, we
have to adapt the way we work with farmers: rather than focusing on mere
adoption, we have to understand how farmers are implementing technologies
already existing in their communities. While we still have to understand the
challenges they are facing, we have to focus more on the solutions they are
finding and develop technologies together with them starting from there.
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Screening of sorghum hybrids for carbon sequestration
potential under optimum irrigation and drought stress

AMNA ELTIGANI, LORENZ KOTTMANN
Julius Kuehn Institute (JKI), Inst. for Crop and Soil Science, Germany

A significant amount of soil C can be captured by agricultural ecosystems
through plant roots and harvest residues (humus formation). Crops char-
acterised by large and deep root system such as sorghum (Sorghum bicolor
L.), has high soil C input. Sorghum cultivation can contribute to improv-
ing soil organic C, therefore, climate protection. In Germany, the cultiva-
tion of sorghum is limited despite its suitability and competitiveness with
other C4 crops such as maize. Moreover, sorghum cultivation in Germany
is expected to increase under future climate scenarios of recurrent heat and
drought events. In Germany, little is known about sorghum genotypes that
are suitable for the local conditions. In this project, wewill screen 10 sorghum
hybrids for their biomass production and potential for C sequestration under
drought stress in Braunschweig, Lower Saxony.
Sorghum phenotyping for biomass production and potential for C seques-
tration will be conducted under optimum irrigation and drought stress con-
ditions. Ten sorghum test hybrids in addition to commercial sorghum and
maize cultivars used as references will be screened under laboratory, green-
house, and field conditions. Wewill assess crop phenological, morphological,
and agronomic parameters. Furthermore, we will perform root sampling, as
well as chemical analysis of plant tissues.
We expect that the sorghum hybrids will show various phenotypes and con-
sequently various potentials for biomass production and soil C input under
both optimum irrigation and drought stress conditions. Our results are ex-
pected to identify sorghumhybrids that are suitable for cultivation inGerman
light soils susceptible to drought such as those present in Braunschweig.

Keywords: Above-and belowground biomass, cultivation, hybrids, root sys-
tem, soil carbon sequestration, soil organic carbon, sorghum
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Impact of climate change adaptation strategies on net farm
income of smallholder maize farmers in South Africa
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The consequence of climate change on agricultural productivity relies on sev-
eral interacting factors such as the timing of extremeweather events and rain-
fall which are predicted to become more recurring in the future. The study
examined the determinants of climate change adaptation strategies (CCAS)
and their intensity of adoption on the net farm income of smallholder maize
farmers in South Africa. A multi-stage sampling technique was used to select
smallholder maize farmers across thirty (30) villages in NorthWest province,
South Africa. The data were analysed through descriptive and inferential
statistics - endogenous switching regression model, multivariate probit re-
gression (MVP) and negative binomial regression model (NBRM). The re-
sults of the descriptive statistics revealed that the majority (78.0%) of the
household-head were married, while their mean household size, farm size,
and age were 6 persons, 4.2 hectares, and 47.2 years, respectively. The param-
eter estimates of the MVP model revealed that the coefficient of age of the re-
spondents, household size, years of farming experience, off-farm income, and
access to credit significantly influence the choice of CCAS adopted. Addition-
ally, gender of the household, main occupation, farm size and access to cli-
mate information were the significant factors influencing the adoption inten-
sity of CCAS among the smallholder farmers in South Africa. This research
concluded that mixed cropping, crop rotation, mulching and agroforestry
were the major CCAS adopted by the smallholder maize farmers in South
Africa while the educational status of the household head, access to credit,
farm size and off-farm income are significant in explaining the variations in
the net farm income of both adopter and non-adopter of CCAS. Therefore, the
research recommends that government should strengthen public agricultural
credit services, enhance extension services, provide on-farm demonstration
training, and disseminate information about CCAS as this will facilitate the
adoption of climate-smart farming practices by farmers particularly for small-
holder farmers in South Africa in their effort to deal with climate change.
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Mainstreaming agrobiodiversity for enhancing climate
resilience, nutrition, and livelihoods
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2ICAR - National Bureau of Plant Genetic Resources, Div. of Germplasm Evaluation,
India

Continuous cultivation of a few dominant crops and varieties has eroded native crops
diversity, environmental sustainability of food production, increased pest risks, etc.
Declining crops and varietal diversity, narrow dietary system have led to malnutri-
tion, and climate risks. These system shocks generally affect the marginalised frac-
tions in society disproportionately and increase social inequality. Rural households,
resource poor communities and vulnerable groups such as women and the youth bear
the effects heavily as they lack resources to support rapid lifestyle adjustments. We are
implementing a UN Environment-GEF funded project in India and aiming to main-
stream native agrobiodiversity and improving their seed systems through community
seed banks and linking those production systems to various market channels. Under
the project, farmers are being empowered to exercise control over their plant genetic
resources – expressed as local crop varieties, a major asset, and to use this to improve
their livelihoods through better farming practices, and aligning market, societal and
conservation goals in product value chains. To enhance genetic diversity on farm, 4278
native varieties of 20 crops were tested in 759 participatory variety selection (mother)
trials and 5028 baby trials were tested and farmers identified 233 varieties of different
crops as the most potential varieties suitable to their diverse needs. We also repatri-
ated >3500 accession form national gene bank to farms fromwhere they had collected
but were lost overtime. Seed system strengthened with 29 community seed banks at
17 project sites, conserving >3000 native varieties. For adopting best practices at com-
munity level several farmers have been trained and designated as champion farmers
working closely with >150 self help groups (SHGs), 25 farmers’ producer groups and
private companies on value addition and product development for improved adapta-
tion and livelihoods. To generate awareness and to enhance farmers’ skill on agrobio-
diversity conservation and use we conducted >600 trainings, awareness workshops,
field days, cross learning exposure visits. To provide linkage to agrobiodiversity 06
value chains have been developed through in-depth nutritional profiling, branding,
packaging, and labelling. This has improved framers’ livelihoods significantly.
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Development of agroforestry in upland northern Vietnam: A
farmers’ perspective
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Fruit tree-based agroforestry has been promoted as an alternative farming
practice in upland Northwest Vietnam, which may replace erosion-prone sta-
ple crop monocultures. Although many studies have focused on evaluat-
ing the performance of agroforestry systems at the plot level, there has been
little research on how farmers perceive and evaluate agroforestry and how
adoption barriers may be overcome. We combined the Q method, which
aims to explore commonalities and differences in farmer perspectives (dis-
courses), with system thinking to understand farmers’ decision-making pro-
cesses within the adoption context. Through the Q method, we identified
three different discourses among agroforestry farmers on the farm-level im-
pacts of adoption. Two of the three discourses are in favour of agroforestry,
highlighting its beneficial impacts on livelihoods and environment, through
diversification of household income and soil erosion control. The disagree-
ment in farmer perceptions reflected the diversity of farmers’ experiences and
adoptionmanagement strategies. We also generated a collective development
pathway where farmers navigated and adapted the agroforestry practices to
overcome adoption challenges. To illustrate these pathways, we used system
thinking to visualise farmers’ mental models, which reflected awhole-system
approach to farm resource management. Farmers leveraged the beneficial
impacts of agroforestry and adaptively managed challenges, drawing upon
systemic understandings of trade-offs and synergies. We identified struc-
tural barriers, such as unstable farm-gate prices, thatmay need intervention at
higher levels. In addition to technical and financial support, a proper integra-
tion of informal and formal social networks in local agroforestry innovation
systems may promote effective learning and cooperation to overcome both
field-level and structural challenges. System thinking and its outcomes al-
low for social learning and assist researchers and policymakers in designing
research and support mechanisms. While our study focused on the develop-
ment of agroforestry, the approaches could be adapted to study a wide range
of other agricultural innovation systems.
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Diversity and diversification in cocoa agroforestry systems
and household food security: Case study of central and

southeastern Côte d’Ivoire
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Côte d’Ivoire is a country with a strong agricultural vocation. The world market is in-
creasingly demanding beans from sustainable production systems, encouraging cul-
tivation methods that are better adapted to climate change while contributing to the
food security of local families. For resilient cocoa production, some farmers in Côte
d’Ivoire have adopted agroforestry systems for several generations. To better appreci-
ate the viability of these systems, this study proposed to analyse their diversification
and diversity and their effects on the lives of households in two contrasting produc-
tion zones of Côte d’Ivoire, and on their food security. The research implemented eth-
nobotanical and socioeconomic survey methods with 152 producers and 268 women
involved in the production of products from cocoa-based agrosystems. It carried out
botanical inventories and direct observations in 100 cocoa plantations. The data anal-
ysis showed that 30% of women in the Center own a cocoa farm with a total of 79
companion plant species against 105 associated species associated in men’s planta-
tions. Among these, 28 species that produce fruits or seeds that are consumed directly
by households or marketed and 38 species whose barks, leaves and roots are used in
traditional medicine. In the Southeast, 117 companion species were inventoried with
48 species used (41% species inventoried). They are used in several purposes. In
addition, the study shows that in the Center, 12% of households surveyed are food in-
secure. Less than 25% of the populations assessed were heavily involved in survival,
stress and crisis strategies at the time of the study. This work shows that the diversity
of income sources increases with the complexity of the systems and contributes to the
well-being of producers, hence the need to promote agroforestry in the current context
of climate change and food security of vulnerable households.

Keywords: Agroforestry systems, Côte d’Ivoire, diversification, food security, uses,
women
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Incentivising the conservation of rare agrobiodiversity in
Ethiopia
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Agrobiodiversity is critical for human survival and wellbeing, yet is at risk of rapid
and global decline. Maintaining agrobiodiversity generates private and public bene-
fits, including climate resilience, food security and economic development opportuni-
ties. However, the costs of maintaining such public goods often fall on poor small-
holder farmers who maintain crop genetic diversity on-farm in an ad-hoc manner
based on their private preferences. A more strategic approach, which more fairly
distributes these costs and benefits, is payments for agrobiodiversity conservation
services (PACS). PACS draws upon concepts from payments for ecosystem services,
which has been widely applied to multiple environmental sectors. PACS compensates
farmers for opportunity costs incurred by maintaining rare crops for public good over
those with higher private returns. Here, we report on a PACS scheme around Kafa
Biosphere Reserve, Ethiopia, aiming to conserve rare landraces of the nationally im-
portant crop, enset (Ensete ventricosum). Enset, is a staple food for over 20 million
Ethiopians and is characterised by hundreds of locally-adapted landraces. Survey-
ing over 500 farmers (35% women) from 22 communities using a four cell method,
we identified 175 farmer-recognised landraces, 57 of which were rare and in need of
conservation effort. All 22 communities submitted offers in a competitive tender for
the conservation of these rare landraces. This yielded average cultivation costs of £2.16
per plant with different landraces ranging from £0.36 to £14.71. The cost variationmay
link to differing farmer preferences regarding landrace traits such as taste, growth rate,
and drought or disease susceptibility. Seeking to address trade-offs between environ-
mental (i.e., maximising landrace diversity) and social (i.e., maximising participation)
outcomes, a linear programming model selected 44 landrace offers across 15 commu-
nities. We consequently demonstrate the ability to achieve significant landrace diver-
sity conservation in a cost-effective, equitable and transparent manner. This approach
has the potential to be scaled-up and applied across a wide range of crops, thereby
delivering outputs relevant to global biodiversity framework targets and sustainable
development goals through sustainable, in situ conservation of agrobiodiversity, con-
tributions to food security and poverty reduction, andmaintenance of traditional land
management practices of local communities.
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Contribution of NTFP certification to smallholder forest
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The walnut-fruit forests on the Ferghana and Chatkal mountain ranges in Kyrgyzs-
tan are considered as a global biodiversity hotspot, they also have the soil-protection
and water regulating functions, and are the major source of income to the local house-
holds. Collection of walnuts and other NTFPs in Kyrgyzstan constitute an important
basis for the local livelihoods. Previous studies recommended that the logistical and
infrastructural improvement of the existing value-chains in accordance with the in-
ternational sustainability standards might positively change the socio-economic wel-
fare of the local livelihoods, and promote sustainable forest management to reduce
deforestation. The NGOs and donor programmes introduced the NTFP certification
projects of the Fair Trade certification in 2008 and Forest Stewardship Council (FSC)
NTFP certification in 2018 within the selected pilot communities of the walnut forests
in Kyrgyzstan both aiming to improve the socio-economic welfare, sustainable forest
utilisation and conservation of the walnut forests. However there is a limited under-
standing about the possible effects and impacts of these certification programmes on
the local livelihoods and the socio-ecological situation in the local forests.
It is important to analyse the current state of the existingNTFP certification cases along
with their success or failure factors, as well as other important contextual conditions.
510 households‘ socio-economic data was collected within five communities of the
Kyzyl-Unkur village, located in walnut-fruit forests in Kyrgyzstan. The data collec-
tion was performed among the households who participated in NTFP-certification
schemes and those who did not take part in these activities. A comparative socio-
economic analysis was done in order to understand the contribution of the existing
NTFP-certification schemes to the local livelihoods. Along with that the stakeholder
and social-network analysis was applied in order to analyse the patterns of involve-
ment of the local households in the NTFP-certification activities. The provided re-
search results are used to describe further challenges and opportunities for the future
of NTFP certification schemes in the country.
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Analysis of social dynamics for the in situ maintenance of
native potato agrobiodiversity in Paucartambo, Peru
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Agrobiodiversity, a key component of sustainable food systems, is funded upon so-
cial interactions of farmers that allows their maintenance. The Andes, considered a
hotspot of agrobiodiversity, is the centre of origin of a wide variety of potatoes and tu-
bers, which are maintained in situ on the highlands by family farmers at a small-scale.
Farmer-based agrobiodiversity maintenance offer potential for strengthening food se-
curity of rural populations, conserving the biocultural heritage, and ensuring the per-
sistence of traditional farming livelihoods. The maintenance of agrobiodiversity on
the Andes relies on social dynamics related to the exchange of intra-ecological prod-
ucts, knowledge, seeds, and to some extent, collective farming practices. This study
investigates social dynamics related to agrobiodiversity management in Paucartambo
- Cuzco, a region characterised by its high levels of varietal diversity, traditional com-
munal farming practices, and its cosmovision. We apply methods from ethnography,
including semi-structured interviews, focus groups and participants observation, as
well as elements from visual anthropology, i.e., film-based interviews andworkshops.
Our results shown that ancestral communal dynamics are currently being replaced by
individual practices due to the competitive logic of public incentives for conserva-
tion, affecting thereby the local social fabric and transforming the way agrobiodiver-
sity is maintained. At the same time, the emergence of trans-local conservation net-
works, such as the Association of Native Potato Guardians of Peru (AGUAPAN), ad-
vance new organisational mechanisms aimed at strengthening regional farmer-based
conservation networks by generating new spaces of convergence. By analysing how
local actors coordinate efforts to maintain agrobiodiversity in the current context of
socio-environmental transformation, we argue that emerging organisational mecha-
nisms aimed at nurturing the social fabric are needed for agrobiodiversity mainte-
nance. Based on farmer perceptions, we emphasise the need for proactive measures
for supporting agrobiodiversity conservation and generate recommendations for fos-
tering organisational and leadership capacities that help strengthen autonomy and
self-governance of local organisations.
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systems, traditional knowledge
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Does agroforestry affect human health and nutrition?
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Agroforestry - the integration of woody plants into crop or livestock management - is
regarded as a sustainable agroecological production method that contributes to nu-
merous aspects of planetary health, including environmental health and human well-
being. While considerable literature is available on the benefits of agroforestry on soil
fertility, climate change mitigation and the economy of local communities, the impact
of agroforestry on human nutrition and health is less often researched or included as
an explicit objective in agroforestry programs. Closing this potential knowledge gap
on the direct impacts of woody plants in agroforestry systems on human health and
nutrition could help to create awareness among stakeholders involved in agroforestry
programmes and lead to increased integration of nutrition and health aspects into fu-
ture agroforestry programs. To assess the extent of the postulated knowledge gap, the
present study is reviewing the existing evidence of the links between woody plants in
agroforestry systems to human health and nutrition.
In this systematic review, scientific literature is examined in terms of content, whether
direct impacts of woody plants in agroforestry systems on human health and nutri-
tion are assessed by qualitative or quantitative methods. Included direct impact cat-
egories are human nutrition, medicine from woody plants, infectious diseases, men-
tal health, microclimate and air quality. We searched four bibliographic databases,
namely PubMed, AGRIS, Web of Science and Scopus, including all languages and
study designs, covering all time periods until January 2023. Experts from different or-
ganisations and disciplines will also be interviewed to include information from grey
literature such as project reports.
Our search returned 7460 citations of whichwe included 335 articles after screening ti-
tles and abstracts. Most of the included studies refer to the impact categories nutrition
and medicine, whereas mental health and air quality are least represented. However,
the direct links to human health and dietary intake might be missing in some of these
publications. The next steps are full-text review and final selection of papers for data
synthesis. This study is still on-going and final results will be presented at the confer-
ence.
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Does training in dynamic agroforestry change doing,
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Bolivia is among the countries with the highest deforestation rates in Latin America
due to the expansion of commercial agriculture, timber production, and mining ac-
tivities. At the same time, smallholder farmers face challenges such as the impacts
of climate change, soil degradation, and unstable market prices. Local and interna-
tional actors have promoted dynamic agroforestry (DAF) as an approach to improve
living conditions, restore natural habitats and increase adaptive capacity for over two
decades. Currently, stakeholders involved in promoting DAF in the Alto Beni region
of Bolivia seek to understand better how the approach has integrated with and po-
tentially changed local socio-ecological realities. Accordingly, our goal was to explore
whether DAF training and the possible implementation of DAF have contributed to
new ways of doing, knowing, meaning, and organising in smallholder agroecosys-
tems in the study area. We draw on relational concepts, including nonhuman agency
and the emphasis on dynamics and processes, to frame our research interest. We used
participant observation, interviews, narrative walks, and a mapping exercise to ad-
dress the research question with twenty farmers and other stakeholders in the re-
gion. Preliminary results indicate that participating in the DAF training has indeed
created space for exchange, reconsideration, and re-strengthening of social-ecological
relations. By engaging more deeply with the roles and needs of flora, fauna and soil,
feelings of kinshipwere rekindled, according to participants. We suggest that this per-
ception shift towards reciprocity and care will play a major role in initiating long-term
changes in farming practices. The participants also attempted to raise awareness and
encourage their family and community members to cease practicing shifting cultiva-
tion and to diversify their production systems. Ongoing follow-up activities and con-
sistent communication with promoting organisations will be essential for maintaining
the relationships established through the training and for ensuring the continuation
of the newly implemented agroforestry systems.
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Assessing the relevance of traditional market channels for
potato diversity on the Peruvian Andes
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In the Peruvian Andes, family farmers maintain over 3.000 potato varieties on their
farms. Although the motivations for conserving varieties are mainly cultural, they are
also economically driven. The persistence of agrobiodiversity relies on the ability of
farmers to secure their livelihoods through the commercialisation of their produce.
Located in remote and poorly connected areas, potato farmers must travel long dis-
tances and pay high transport costs to commercialise their produce. In this context,
local markets held weekly in villages, represent the main market channel for family
farmers and often their only source of income. This study assesses the relevance of
traditional markets for potato diversity and identifies which market channels absorb
greater levels of family farmers’ agrobiodiversity. By applying an inductive quanti-
tative research approach, we carry out a cross-case comparison of local and regional
markets (n=35) located across 9 study areas along the traditional Andean road net-
work, the Qhapaq Ñan. Through a diversity analysis, we quantify market-linked vari-
eties based on richness, uniqueness, evenness, and Shannon-Weaver indexes. Drivers
influencing the occurrence of agrobiodiversity at the different market channels are
identified by means of a multiple linear regression analysis. In total, we recorded 150
potato varieties across all markets, 61 of them as unique varieties, ranging from 2 to a
maximum of 35 varieties per market. Higher levels of diversity were recorded at re-
gional and local markets involving predominantly local producers, displaying thereby
associative processes and a stronger social fabric. Lower diversity was observed at lo-
cal markets with an increasing tendency of urbanisation and at small local markets lo-
cated in potato production hotspots. Our results demonstrate that the market-linkage
of agrobiodiversity is mainly determined by spatial factors, as well as aspects related
to accessibility, consumer awareness, and fair pricing. Market-based organisational
processes are key for enabling a fair retribution for producers. Although market link-
age is crucial for sustaining farmers’ livelihoods, the occurrence of native potatoes at
markets remains marginal, contrasted to the modern potato varieties that dominate
the markets. We emphasise the need to strengthen market-linkage of family farmers’
produce by fostering associativity processes within the existing network of localised
markets.
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Past and current knowledge about natural vegetation and land cover dynam-
ics in the mountains of the Saharan Desert is largely limited, although these
regions provide habitats for diverse taxa and livelihood options for humans
and are considered stepping stones between northern and central African
ecosystems. This study will focus on the Aïr Mountains of northern Niger as
largely pristine socio-ecological systems. The region is inhabited by Touareg
people, nowadays practicing irrigated oasis agriculture combined with sheep
and goat pastoralism on sparse pasture land. Population pressure, accompa-
nied by increasing livestock stocking rates and recurring drought conditions,
affect vegetation patterns and biomass production in the region. Moreover,
telecoupled urban demands of sprawling West African cities has led to an ex-
pansion of irrigated agriculture for cash-crop production. This has resulted
in extensive land clearing and falling groundwater tables, potentially causing
negative effects on pastures, wild plants, local varieties, and overall biodiver-
sity.
Through GIS-based mapping of agriculture and natural vegetation based on
aerial photographs, Sentinel and Landsat images as well as drone-based sur-
veys, this study aims at quantifying land cover changes from 1955 to 2023 in
Timia, Mont Bagzam and their surroundings. Normalized difference vegeta-
tion index (NDVI) analyses were carried out and matched with manual and
supervised land use and land cover (LULC) classifications of shrubs/trees,
agricultural land, natural grassland and barren land. Seasonal herding ac-
tivities were recorded with GPS loggers for 2021 to 2023 to identify possible
grazing effects on land cover changes. Records over the past 10 years of sheep
and goat sales to the biggest nearbymarketplace of Agadez were analysed for
changes in production amounts.
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The effects of cocoa production and consumption on
biodiversity loss and ecosystem services
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The economy of many countries depends heavily on cocoa production and
trade. According to the Netherlands Ministry of Foreign Affairs, Europe is
the largest importer of cocoa beans in the world and Germans are the largest
chocolate consumers in the world with a per capita consumption of 11 kg per
year. Switzerland is ranked as the second largest with 9.7 kg per capita, fol-
lowed by Estonia with 8.8 kg. Over the years, West Africa has been the main
supplier of cocoa beans to Europe. Unfortunately, however, in recent times,
there has been an assault on forest reserves for cocoa plantations. There has
also been a shift from ‘shade cocoa’ to ‘sun cocoa’. These practices are putting
additional stress on biodiversity conservation and ecosystem services. This
study reveals a pronounced trade-off between short-term cocoa productiv-
ity and ecosystem health as well as biodiversity, and shows that the higher
yielding short cycle hybrid cocoa varieties grown under full sun or minimal
shade exhaust soil nutrients and degrade the ecosystem so that it becomes
unsuitable for further cocoa farming or other productive agriculture and bio-
diversity conservation. While consumers are growing more conscious of the
importance of biodiversity, most of them are still uninformed of the connec-
tion between their consumption habits and the factors causing the loss of bio-
diversity and ecosystem services. This study bridges this knowledge gap. The
study uses Ghana as a case study to answer the following questions: (i) What
do sustainable cocoa production look like from a natural resource perspec-
tive? (ii) How can resource efficiency in cocoa production be improved to
enhance food security? (iii) How can the transition to sustainable cocoa pro-
duction be managed? The study provides findings on cocoa farming in the
context of sustainable production and consumption. Strategies and best prac-
tices for cocoa production are discussed.
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Peruvian Andes
GIOVANNA CHAVEZ-MIGUEL1, JANIKA HÄMMERLE2, STEF DE HAAN3, STEFAN

SIEBER1, MICHELLE CHEVELEV-BONATTI1
1Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SUSLand), Germany

2Humboldt-Universität zu Berlin, Dept. of Geography, Germany
3International Potato Center (CIP), Andean Initiative, Peru

In face of the urgent need formore sustainable food systems, enabling the pro-
vision of diverse foods supplied locally by family farmers is crucial. In this
context, local markets are essential spaces for family farmers’ economies and
key access points for agrobiodiversity. The Peruvian Andes host an ancestral
road andmarket network, the QhapaqÑan, that constitute an intra-ecological
trade route, in which the exchange of family farmers’ agrobiodiversity from
diverse geographies occurs. This study proposes a methodological frame-
work for investigating the relevance of traditional market networks funded
uponmixed quantitative, qualitative, and cartographicmethods. By applying
an inductivemulti-stepped research approach, we carry out a cross-case com-
parison of local and regional markets (n=35) located across 11 study regions
of the Peruvian Andes. Our results present a market characterisation funded
upon geographical-spatial data, estimation of produce shares, produce flows
maps, an actor typology, and an agrobiodiversity assessment. Based on this,
we identify which of these market types absorb greater levels of family farm-
ers’ agrobiodiversity, the socio-cultural functions of markets that support the
social fabric, aswell as the attributes ofmarkets that go in linewith the ecolog-
ical rationality of family agriculture. Based on our results, we argue that the
relevance of traditionalmarket networks lies in their potential to dynamize lo-
cal economies and enable the persistence of family farmers’ agrobiodiversity,
if strengthened. We emphasise the need for more proactive policies aimed at
promoting localised food provisioning stemming from family agriculture and
the strengthening of existing agroecological and traditional market networks.
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Farmer’s seed diversity and seed conservation practices in
Nakuru Kenya
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1Agrecol Association, Germany
2Seed Savers Network Association Kenya, Kenya

Farm-saved seed is existential for agriculture and nutrition in Kenya. For
many crops families still depend almost entirely on breeding and seed con-
servation. A surveywith 244 farmers, predominantly female (68%)was used
as a baseline to understand farmers practices. Farms are very small (0,6 ha
median) with only 0,17 ha per household member. Farmers are cultivating
on average 17 crops, and in the order of importance these are maize, Irish
potatoes, kales, spinach, wairimu bean, spring onions, kifamu bean, garden
peas, black nightshade, kahurua bean, pumpkin, sweet potatoes, witemania
bean, Amaranth, coriander, yellow bean, broad bean, spider weed, tomato
and Comfrey. The land shortage and climate change risks make farmers fo-
cus on many different bean varieties (16) and various vegetables (13) besides
tuber crops (5) to secure their food security. While the number of crop species
cultivated per farmwas high, intra-species diversity was rather limited. Most
farmers only grow one variety per crop, and rarely two. Overall, the survey
identified 3–4 varieties for most species, For 2 out of 40 species researched, a
high number of 8 varieties were mentioned during the interviews. This high-
lights that’s biodiversity loss is a major threat for Kenya. To assist in this fight
against biodiversity loss, Seed Savers Network Kenya together with Agrecol
introduced a commons-based process of describing and documenting local
varieties. This approach is intended to improve farmers’ seed supply and
provide some protection against private appropriation. The results of this
work will be forthcoming in the next years. For their seed needs, farmers still
depend largely on their own production or neighbours in their community.
So far, seed banks only play a minor role. The self-sufficiency of farmers for
seed is very good and for most beans it reaches up to 100%. But even for
vegetables with temperate origin that are more difficult to maintain for seed,
some 30–40% of farmer manage to keep their own seeds.

Keywords: Agrobiodiversity, farmers’ varieties, food security, open source
seeds, traditional seed
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Agroforestery and permaculture for sustainable development
of human and nature
ASMELASH DAGNE DATIKO

Gardula Peoples Developemnt Assosation, Agroforestry and Permaculture, Ethiopia
The ever-changing and unpredictable climate is affecting most of the small-
holding farmers in sub-ShamanAfrica. Todevelop reliance and enhance adap-
tion to climate change an integrated natural resource management approach
with the framework of Agroforestry and Permaculture will enhance the sus-
tainable and resilient livelihood for the small holding farmers.
Agroforestry is a dynamic, ecologically based natural resources management
system that promotes the integration of trees in farmland and rangeland. It
also promotes biodiversity to ensure sustainability, productivity, profitabil-
ity, health and sustainable land-use systems to create socially, economically,
and environmentally sustainable communities at each level. Permaculture is
also a harmonious integration of landscape and people, providing their food,
energy, shelter and other material and non-material needs in a sustainable
way tomaintain stable social order. Integrating the two concepts will enhance
the sustainable development of humans and nature.
Teaching the local farming community to adapt to an integrated resource
management approach is a long process and they learn through observation.
Accelerating the adaptation by smallholding farmers upgrading the existing
infrastructure (Farmer training centre) to perfect demonstration sites through
the farmer-based initiative is the way forward to reach as many as possible
farmers to build resilience to the ever-changing climate.
In the southern region of Ethiopia, the local development association is work-
ing with its local and international partners to train 7,000 farmers to adopt
sustainable natural resources management through practicing agroforestry
and Permaculture. The approach is to address the local farmers and convince
them to adopt the resilient through regenerating the entire ecosystem. The
project is enabling the farmers and extension workers to transform the farmer
training centre to a more productive and resilient ecosystem where the farm-
ers can learn through observation and adapt.
We are very happy to share our experience, success, challenges and ways for-
ward at the Tropentag 2023.
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Sustainable livelihoods in protected areas: The case of
Pimenta dioica in the Maya biosphere reserve

ANDRÉS CHARRY, LUISA CLAROS, JENNY WIEGEL
The Alliance of Bioversity International and CIAT, Colombia

TheMaya Biosphere Reserve (MBR) in Petén, Guatemala has been a successful model
for community-managed forests in Central America since 1990, with Pimenta dioica
gaining significance due to its increasing demand. This study examined the value
chain of P. dioica in Guatemala, with a specific focus on the MBR, identifying the main
actors, activities, trade flows, price points, margins, markets, trends, challenges, and
opportunities for sustainable harvesting and marketing of this valuable resource. The
study used a literature review, semi-structured interviews with key informants along
the value chain, and focus group discussions with community representatives and
harvesters. Our findings revealed that harvesting P. dioica is a high-priority activity
for forest communities due to its relatively high price and income generation poten-
tial, and the participation of women and youth in various activities along the value
chain. However, changes in climatic conditions have severely affected the harvest-
ing seasons, threatening a consistent supply. Moreover, local cooperatives and in-
termediaries compete for local production, capturing different shares of added value
depending on the product characteristics, certifications, and distance of the commu-
nities. The fruit is mainly exported dried, channeled by a limited number of actors
mainly towards the USA and EU where it can reach retail prices between 7 to 26 times
greater than the export price. The study identifies several opportunities for value chain
strengthening, including forest enrichment, grafting, drying facilities, andproduct dif-
ferentiation based on organic, fair, and sustainable production for forest conservation.
However, increased bargaining power from producing countries and increased con-
sumer information are necessary to achieve a more equitable value distribution. In
conclusion, our study provides insights into the value chain of P. dioica in the MBR,
highlighting the importance of community management and sustainable harvesting
practices. It also identifies several opportunities for value chain strengthening, which
can enhance the economic benefits for the local communities and promote forest con-
servation. Nonetheless, challenges such as climate change and unequal value distribu-
tion remain significant obstacles to overcome. Further research is necessary to develop
effective strategies for the sustainable management of P. dioica and other forest prod-
ucts in the MBR and similar contexts.

Keywords: Community managed forests, forest conservation, non timber forest
products, value chain analysis
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Uses of Hyphaene species known as mikoche and
consumption constraints as food in Tanzania

AMINA AHMED, LEONARD FWEJA, HAPPY MAGOHA
Mbeya University of Science and Technology, Dept. of Food Science and Technology,
Tanzania

Hyphaene, commonly referred to as mkoche (plural mikoche) in Swahili, be-
longs to the Palmae (Arecaceae) family and is found in the coastal regions
of Tanzania. The tree is used as a construction material for shelter, and its
leaves are used to make woven products such as baskets, mats, and hats due
to their strength and fibre length. In addition, the fruit of the Hyphaene tree
is a good source of fibre, antioxidants, B-complex vitamins, essential miner-
als, monosaccharides, essential oil, and flavonoids, which are important com-
pounds for human nutrition and health. Furthermore, H. coriacea produces
edible nuts and palm wine in Maputaland coastal plains in KwaZulu-Natal,
South Africa, and H. coriacea is known to produce edible oil from its nuts.
However, despite its widespread presence, the economic potential of mikoche
in Tanzania has yet to be fully unlocked. Therefore, a field survey will be
conducted in the Pangani District in Tanga Region, Tanzania, to find and link
the first-hand knowledge about the possibilities and constraints in produc-
ing, processing and utilising mikoche as a food source. The generalised linear
model (GLM) and chi-square test will be used to predict the constraints of
the production and processing of the mikoche in the Tanga region. Therefore,
this study will highlight the need to invest in research and development to-
wards innovative ways to exploit the economic potential of mikoche in Tanza-
nia to sustain climate change and the growing demand for resource diversity,
food and nutrition security. Moreover, documenting the uses and consump-
tion constraintswill help understand the natural resources systems, including
product development for alternative food sources.

Keywords: Climate change, consumption constraints, food and nutrition
security, Hyphaene species, natural resources

Contact Address: Amina Ahmed, Mbeya University of Science and Technology, Department
of Food Science and Technology, 131 Mbeya, Tanzania, e-mail: mimomed88@gmail.com

ID 918 299



(Agro)forestry and (agro)biodiversity

Agrobiodiversity maintenance through everyday practices:
A gender-analysis of women‘s role in native potato

conservation
IMKE SCHEEPSTRA1, GIOVANNA CHAVEZ-MIGUEL2

1Freie Universität Berlin, Inst. for Latin American Studies (LAI), Germany
2Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SUSLand), Germany

Agrobiodiversity systems aremainlymaintained by family farmers, who hold
vast knowledge around the cultivation and use of diverse crops. Agrobio-
diversity maintenance is a complex process, which involves environmental,
cultural, and economic factors, social relations, institutions, and knowledge
systems.
The knowledge and practices of women in particular, play a key role in family
agriculture and in agrobiodiversity maintenance.
This qualitative study investigates the role of women in the maintenance of
agrobiodiversity through the observation of everyday life. We focus on potato
diversity, native to the Peruvian Andes, which is conserved in situ by family
farmers. By applying ethnographic field methods, including semi structured
interviews and film-based interactions, we analyse the different dimensions
of agrobiodiversity maintenance, identify women’s vulnerabilities and their
daily life strategies of persistence. We look at women’s specific knowledge
and everyday practices that are essential for sustaining socio-ecological rela-
tionships, from a gender sensitive, intersectional, and power critical perspec-
tive.
Our results show how the farm and care work of women, and in particu-
lar their everyday food provisioning practices, contribute to agrobiodiversity
maintenance. Women’s knowledge on seed selection, agroecological cultiva-
tion, environmental care, marketing, and their awareness about family nutri-
tion combined, are sustaining force for agrobiodiversity. Based on our results,
we argue that women’s everyday practices contribute to food sovereignty and
can be understood as strategies of persistence in a context of global socio-
ecological transformations. We emphasise the need to acknowledge the value
of traditional knowledge systems and especially the role of women farmers
in keeping these knowledge forms alive. Thus, we encourage the application
of a gender focus in the formulation of development interventions related to
agrobiodiversity maintenance.
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Diversity and use of trees for food security in smallholder
farming systems of Uganda

FRED KALANZI1, ISAAC KIYINGI1, PROSSY ISUBIKALU2, FLORENCE KYAZZE2,
LAWRENCE ORIKIRIZA2

1National Forestry Resources Research Institute, Uganda
2Makerere University, Dept. of Extension and Innovation Studies, Uganda

Food production in Uganda has often been realised at the expense of forests and other
biodiverse ecosystems. Yet, wild foods from forests and trees can be an essential mi-
cronutrient source, especially for poor smallholder farmers. With the ever-increasing
population, integrating trees into farming systems offers a potential win-win solution
to support dietary quality and the natural environment. Trees in agricultural sys-
tems improve soil health, regulate microclimates, enhance carbon sequestration and
improve biodiversity at multiple scales. However, combining different tree species
may also affect the level at which food security and nutrition are attained. This study
assessed smallholder farmers’ typology and tree species diversity for food security
and nutrition. A cross-sectional survey of 277 randomly selected smallholder farm-
ers who participated in the ACIAR-funded Trees for Food Security project was con-
ducted. For each selected farmer, data on agroforestry technology used, number of
trees and tree species diversity were collected at plot level using a tree inventory form.
Focus group discussions were used to generate information on the linkage of tree di-
versity to food security and nutrition. Hierarchical cluster analysis was performed
to determine smallholder farmer typologies and tree species diversity indices were
computed and analysed for each typology. Two main groups of smallholder farm-
ers could be distinguished: subsistence and pre-commercial. The tree species were
distributed differently in the two identified groups. The tree species diversity was
higher in subsistence farms than in pre-commercial farms. Across the predominantly
used agroforestry technologies, tree species diversitywas highest in intercropping, fol-
lowed by boundary planting andwoodlot. Subsistence farms showed a higher affinity
to fruit tree species because they contribute directly to food security and nutrition. In
contrast, pre-commercial farms were mostly dominated by trees of commercial value,
such as Eucalyptus, mainly grown in woodlots. Therefore, we stress the critical role
of smallholder farming systems in conserving on-farm diversity in the fragile east-
ern highlands of Uganda. The pre-commercial farms may sell tree products to buffer
their income and enhance access to food. However, tree species diversity for enhanc-
ing farming systems’ resilience in the face of climate change was high in subsistence
farming households.

Keywords: Agroforestry technology, climate change, food security, nutrition, subsis-
tence farms
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Characterisation of Indian mustard germplasm for
agro-morphological traits and biotic stress tolerance
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3The Alliance of Bioversity International and CIAT, India

Oilseed Brassicas have become the third important edible oilseed crop next
to soybean and palm in the world. The four main Brassica oilseed species,
B. napus, B. rapa, B. juncea and B. carinata are widely cultivated for oil, condi-
ment and vegetable purposes. B. juncea (L.) Czern, commonly referred as
Indian mustard is a major oilseed crop in South Asia. We conducted an ex-
periment to give a comprehensive account of the diversity characterisation
using >2000 accessions of Indian mustard germplasm collected from 9 dif-
ferent agro-ecological zones of India and evaluated for 15 quantitative traits
during the year 2020 to 2023. These accessions showed presence of highest
variation for 1000 seed weight (coefficient of variation 48.57%). PCA exhib-
ited that plant height, silique length, length ofmain fruiting branch, 1000 seed
weight, days to 50% flowering and maturity were among the most important
traits and accounted for more than 50% phenotypic variation. Correlation
studies indicated that plant height, leaf length, leaf width, days to 50% flow-
ering along with days to maturity should be considered while performing
selection in segregating generations intended to improve seed yield/plant.
Donors for various traits were identified e.g., IC426383, IC426386 for dwarf
type (<70 cm); IC343199, IC589691, EC766320, IC426386 for early maturity
(<95 days); IC491546, IC426322, IC355371 for seeds/siliqua (>22) and IC
383489 for oil content (45.2%). New sources of resistance effective against
multiple races of white rust (Albugo candida) e.g. EC766192, EC766164, IC265-
495, IC443623, EC766061, EC766193, EC766595 and for sclerotinia rot (Sclero-
tinia sclerotiorum (Lib.) e.g. IC491577, EC766532, EC766516, EC766189 were
identified with PDI=0 at different developmental stages of the plant. These
novel sources of agronomic traits and host resistance will play vital roles to
establish a strong genetic andmolecular foundation for themustard improve-
ment program.

Keywords: Albugo candida, biotic stress, Brassica juncea, characterisation,
Sclerotinia sclerotiorum
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Capability approach to wellbeing analysis: A case study of
NTFP producing households in Iseyin, Nigeria

KAZEEM AKANNI JIMOH
CzechUniversity of Life Sciences, Dept. of Economics andDevelopment, Czech Republic

Wellbeing has been recognised to go beyond income and consumption issues
but also encompasses health, nutrition, security, education, freedom, envi-
ronmental integrity, social relations and affiliations. According to Amartya
Sen theory, capability approach recognises wellbeing as the ‘ability to be’ or
‘ability to attain some level of achievement’ by the individual/household be-
ing considered.
This study was, therefore, carried out to examine the wellbeing status of non-
timber forest product (NTFP) producing household in Iseyin LGA, Oyo State
using capability approach. Primary data was collected through question-
naire administered to 120 respondents selected using multistage sampling
technique. The NTFP households studied were involved in sheabutter pro-
cessing, snailery, apiary and cane rat farming. The data were analysed us-
ing descriptive statistics, fuzzy set analysis and logistic regression. Fuzzy set
theory was employed in measuring the well being indices using various di-
mensions while logistic regressionwas used in isolating the drivers of wellbe-
ing in the households. The capability approach revealed that sheabutter pro-
ducing households has the highest (0.101) capability wellbeing while apiary
households’ were the lowest (0.063). Age, household size and educational
level have all been found to directly impact the wellbeing of the households
such that, as they increase, so does their respective capability wellbeing in-
creases. As regards the dimension used, assets has been revealed to have the
highest (0.0955) capability wellbeing while access to natural resources was
the lowest(0.0021). The isolated factors that drive capability wellbeing were
identified as age group greater than 60 years, education as well as cooperative
membership. Based on the findings, government should formulate policies
that will encourage farmers to improve on their educational qualifications in
order to attain higher wellbeing.
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Agroecological services to improve the livelihoods of cocoa
farmers in Côte d’Ivoire
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Food security and households’ well-being are pressing challenges facing cocoa farm-
ers, especially in Côte d’Ivoire (West Africa). Cocoa production alone is rarely suf-
ficient to generate a subsistence income for farmers or to support their families. The
introduction of agroforestry follows the idea that, when the different cultural practices
are taken into account, the economic profitability of the by-products of agroforestry
systems and their usefulness leads to a more just and efficient design of sustainable
production. Agroforestry is the voluntary integration of trees in agricultural land-
scapes, according to any spatial arrangement or temporal sequence, to obtain benefits
from the ecological and economic interactions between these different components.
Thus, producers’ key is value addition and link to themarket. This study aims to anal-
yse the different cocoa growing systems of smallholder farmers in Côte d’Ivoire and
the socio-economic utility of the associated trees. We consider the cocoa-based agro-
forestry system by analysing its importance from the point of view of improving in-
come and contributing to ecosystem services for sustainable cocoa production, taking
into account objective and climatic criteria: additional production (wood, fruit, fod-
der, etc.) or services (windbreaks, regulation of microclimate, shading, etc.). Thus, a
diachronic approach allowed us to evaluate the system by estimating with the farm-
ers using and monetary value they give each species according to its use at a time
t. Floristic inventories of 625 m2 in 80 cocoa plots followed by semi-structured in-
terviews with plantation producers in five localities of Côte d’Ivoire were conducted.
Quantitative analyses of the variables and statistical tests were carried out using SPSS
software. Carbon storage of cocoa-based agroforestry systems was calculated. Thus,
the systems are characterised according to their floristic characteristics and their con-
tributions to socio-economic indicators. The results will contribute to designing and
implementing agroforestry systems with better commercial potential and resilience to
the agroecological context.
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Food system drivers of deforestation: An analysis of
deforestation as an outcome of the food system

JANELLE SYLVESTER1,2, DIANA M. GUTIERREZ1, LISSET PÉREZ MARULANDA2,1,
MARTHA CRISTINA VANEGAS CUBILLOS1, AUGUSTO CASTRO-NUNEZ1

1International Center for Tropical Agriculture, Climate Action, Colombia
2University of Copenhagen, Dept. of Geosciences and Natural Resource Management,
Denmark

According to the latest Global Forest Resources Assessment, approximately
90% of global deforestation between 2000 and 2018 was attributable to agri-
cultural expansion, positioning land use for food production as the greatest
direct driver of deforestation. Studies investigating direct and underlying
drivers of deforestation have generally employed a land systems approach,
focusing on how interactions between human and environment systems in-
fluence land use and land cover change. Yet, despite the significant role of
agricultural expansion in driving deforestation, limited research has explored
deforestation through the lens of the food system. Consequentially, our un-
derstanding of the food system dynamics that drive deforestation for food
production remains limited. In response to this research gap, this study pro-
poses and operationalizes a novel framework for the study of food system
drivers of deforestation. We use a critical analysis of frameworks and a sys-
tematic literature review of underlying drivers of deforestation to develop the
framework andmachine learning techniques (Extreme Gradient Boosting) to
apply the framework at the global and continental scale to determine how
drivers related to the three dimensions of the food system – (1) consump-
tion/demand, (2) production/supply, and (3) trade/distribution – are influ-
encing forest cover changes. The results indicate that demand- and trade-side
dynamics are playing significant roles in driving deforestation at the global,
Asia and Latin America scales, and that foreign direct investments (FDI), in
particular, explained a large proportion of deforestation. This suggests that
food system-based interventions could be effective in reducing deforestation
in these regions and that greater attention should be given to the role of FDI
in forest cover changes. Analyzing deforestation as an outcome of the food
system can provide critical insights into where interventions within the food
system are needed to reduce deforestation and how such interventions can be
aligned with improving food security and nutrition as well as other sustain-
able development goals.
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The urban jungle, an underexplored habitat for neglected and
indigenous plant diversity
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The Anthropocene, the current geological epoch in which human activity has
become the dominant influence on the Earth’s environment, is marked by
globalisation and urbanisation. These processes have led to severe biodiver-
sity decline and climate change. However, paradoxically, due to the same
processes, urban environments have become melting pots of biocultural di-
versity. Cities provide for the needs of their inhabitants and beyond, acting
as sinks for natural resources. These resources are mobilised through global
trade and sourced fromdiverse rural communities globally, transported, trad-
ed, and marketed within urban environments. The use and cultivation of
plant species from different regions and associated with diverse cultures and
traditions contribute to the accumulation of plant diversity in urban areas.
Consequently, urban contexts contain both cosmopolitan and globally dis-
tributed plant species, aswell as region-specific, sometimes endemic, and rare
plant species that frequently remain unnoticed. When biodiversity levels are
high within this melting pot, urban contexts can become hotspots of present
biodiversity. This opinion paper advocates exploring the urban context as an
incubator of biocultural knowledge on plant diversity, as well as the possi-
bilities of taking advantage of the opportunities presented by this introduced
biodiversity. We propose several topics that require attention, including re-
search, conservation, education, digitalisation, and policymaking. We believe
that the urban context offers a unique set of resources that can contribute to
developing sustainable solutions to the challenges we face due to the impacts
of the Anthropocene, such as losses of agricultural and biological diversity,
the vulnerability of food systems, and the erosion of biocultural knowledge.
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Tree growing on farmlands in Rwanda: Farmers’ preferences
for adopting agroforestry in the eastern drylands

JEAN BOSCO NKURIKIYE1, VALENS UWIZEYIMANA1, KATO VAN RUYMBEKE1, IRIS
VANERMEN1, BRUNO VERBIST1, ALFRED BIZOZA R.2, LIESBET VRANKEN1
1KU Leuven, Earth and Environmental Sciences, Belgium
2University of Rwanda, Agriculture, Rural Development and Agricultural Economics,
Rwanda

In Rwanda, land degradation and effects of climate change and variability drive ef-
forts towards land restoration with aim to make vulnerable smallholder farmers more
resilient through investments in soil conservation and agroforestry. Effective agro-
forestry implementation requires involving farmers, and understanding their choices
to adopt it. Still, there is little information about farmers’ preferences for tree plant-
ing in Rwanda. Thus, this study explores these preferences in the country’s eastern
region. We conducted a discrete choice experiment to elicit preferences for tree at-
tributes among 248 farmers. Eight attributes (number of woody and fruit trees, root
system and canopy, change inmaize yield caused by tree planting, frequency of exten-
sion visits, extra labour for tree management, distance from plot to tree nursery, and
tree seedling cost) were selected after qualitativemethods, and evaluated usingmixed
logit and generalisedmultinomial logit models to investigate preference and scale het-
erogeneity, respectively; and latent class model for class-specific preferences. Results
show that farmers positively value planting woody and fruit trees on their farmlands.
They prefer trees with deep roots and small canopy, and trees which would increase
crop yields, but dislike increase in the tree seedling cost. WTP measures indicate that
deep and shallow root systemswith small canopy, seasonal visits, and change inmaize
yield are the most valuable attributes. However, there is preference and scale hetero-
geneity among farmers across agro-climatic zones. Farmers are split into two latent
classes with notables similarities and differences in their preferences for agroforestry
practices. Our findings demonstrate that farmers are willing to participate in agro-
forestry practices. They prefer woody trees for their products (timber, fire woods,
stakes…), and fruit trees for their multi-functionality and role in food security and nu-
trition. This calls for increasing the share of fruit trees in agroforestry interventions.
Furthermore, preferences for increased (maize) yields suggest focusing on N-fixing
tree species; while preference for trees with deep root systems and small canopy calls
not only for improved fruit varieties, but also for building farmers’ capacity in tree
management.

Keywords: Choice experiment, farmer preferences, land restoration, Rwanda
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Socio-environmental drivers of local knowledge of climate
change risk and woody species as fertilisers in Benin

western Atacora (West Africa)
THIERRY DÈHOUÉGNON HOUEHANOU

University of Parakou, Laboratory of Ecology, Botany and Plant Biology, Benin

Over the world, though climate change is threatening the human population,
agroforestry through tree preservation is among the farming systems pro-
moted to cope with such threats. Moreover, the risk of climate change may
depend on socio environmental factors and consequently local people may
not perceive in the same way the risk among different environment condi-
tions. Though, one of the roles accomplishing by woody presence in crop-
ping systems is their contribution to fertilisation, many local people may not
perceive such knowledge. According to the protection motivation theory, we
suggested that local people who perceive more the risk of climate change
may more know and preserve woody as fertilisers in their cropping systems.
The present study was conducted in western Atacora of Benin republic and
aims to assess socio environmental drivers of local knowledge of (i) climate
change risk and (ii) woody as fertiliser in traditional agroforestry parklands.
The study zone experiences mostly natural resources degradation and there-
fore local people are more vulnerable to climate change, food insecurity and
hunger. We used a random sampling technique to select 360 households’
heads. Canonical and principal component analyses were used to charac-
terise the environmental traits of the location of the selected farmers. Bino-
mial logistic regression was used to assess the drivers of farmers’ knowledge.
The results showed that the local people in drier areas perceived the risk of
climate change more than those in humid areas. Climate change risk percep-
tion, age, and membership in a farm organisation are the main drivers of the
perception of woody as fertiliser as well as woody fertiliser preservation. The
farmers belonging to a farm organisation and who preserve woody as fertilis-
ers perceive the risk of climate change more than the opposite scheme, which
results confirmed the protection motivation theory. The findings are helpful
tools to sensitize the local people on climate change risk and the way to cope
with the risk with woody species in agricultural lands.

Keywords: Agroforestry parklands, climate change risk, local ecological
knowledge, woody fertilisers
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Consumers’ attitudes, purchasing intentions and preferences
related to baobab fruit shell briquettes in Malawi

PEACE-EFEH OGBATA, DIETRICH DARR, ELEYDIANE MARIA GOMES VALE
Rhein-Waal University of Applied Sciences, Fac. of Life Science, Germany

Malawian energy sector still suffers from insufficient energy supply coupled
with the limited sources of energy. In addition, the constant use and high
dependency on forest products especially firewood and charcoal for energy
purposes causes the nation’s forestry to be at a loss. Biomass briquette pro-
duction is considered an alternative in the quest for energy product; however,
briquette products are not widely used in Malawian communities despite its
viability as a sustainable substitute for firewood and charcoal. Lack of aware-
ness hinders the perceived benefits associated with briquette products and it
will take conscious effort for its benefits to be widely recognised.
An innovative energy product, baobab fruit shell briquettes, has a great po-
tential to fulfil the energy demand considering its abundance in the Malaw-
ian environs. The main aim of this study addressed consumers’ attitude, pur-
chasing intention and preferences towards the baobab fruit shell briquettes as
an energy product. Utilizing structural equation modelling (SEM) analysis,
factors such as subjective norms, purchasing behaviour, energy knowledge,
perceived price and environmental concern had a significant positive influ-
ence on consumers’ attitude and purchasing intention towards the potential
energy product. Furthermore, this study implements a discrete choice exper-
iments (DCEs) analysis of consumer’s preference towards attributes of the
potential energy product. Results showed that consumers showed a signif-
icant preference for an energy product that is available and accessible most
time, and easy to use. These attributes were preferred more than other fea-
tures of the product. Also, the study expanded the analysis to includemoder-
ating effect of variables such as location (urban and rural), education and in-
come levels, on the relationship between consumers’ attitude and purchasing
intention. Only location had a significant moderating effect on the relation-
ship between consumer’s attitude and purchasing intention towards baobab
fruit shell briquettes. In conclusion, the baobab energy product has a futuris-
tic viable success upon establishment in the Malawian market despite other
competitive energy product.

Keywords: Awareness index, baobab fruit shell briquettes, Malawi,
purchasing intention
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Socio-economic importance of Borassus palm parklands to
the household of the Dallol Maouri of Gaya region, Niger

DJIBRIM ABDOULAYE1, MARTIN WIEHLE2, LARWANOU MAHAMANE1
1AbdouMoumouniUniversity of Niamey, Rural Engineering,Waters and Forests, Niger
2University of Kassel, Tropenzentrum / Organic Plant Production and Agroecosyst.
Res. in the Tropics and Subtropics (OPATS), Germany

The Dallol Maouri Borassus parkland – an agroforestry system consisting
mainly of Borassus aethiopum Mart. (Arecaceae) – is the largest in Niger, lo-
cated in its south-eastern department of Gaya. It covers an area of approxi-
mately 30,000 ha and is dominated by intercropped millet, rice, sorghum and
cowpea fields. Over the millennia, forest has been converted into this park-
land which serves multiple uses for humans, livestock and wild game. In the
last couple of decades, the use has partly exceeded its natural carrying ca-
pacity, thus it is important to study the status and potential threat of these
palm stands. For this study, we used the software QGIS, to adopt a sam-
pling plan with probability proportional to size, which enabled us to select
13 villages with a maximum distance of 7 km to the next stand. By means
of a sample number determination equation (n= N/(1+N(e2)), we selected
234 agricultural households, i.e. 18 agricultural households per village. Ex-
ploitation and income from the palm products were assessed by interviews.
Results suggest that all parts of this palm tree are used, despite some of the
parts’ use is prohibited by law. Most of the benefits came from the market-
ing of non-wood products, such as green and ripe fruits (13%) as well as the
hypocotyl, which is the seedling after 3–4months of seed germination (87%).
The hypocotyl is transported and sold both at the level of local and regional
markets, aswell asmain cities but also at the level of the neighbouring country
Nigeria. The hypocotyl and fruits provided farmers with an average net an-
nual income of 76,400 FCFA (maximum of 960,000 FCFA). In 6% of the cases,
the analysis showed that the contribution ofB. aethiopum to family agricultural
income is 10%. However, it appears that some human practices (trunk cut-
tings, use of male flower, green petiole harvest) and wind abrasion, threatens
the sustainable exploitation of these B. aethiopum stand in certain localities.
Thus, adopted management strategies should be in place to enable the long-
term survival of these stands and thus a continues income strategy for rural
people.

Keywords: African fan palm, income generation
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Multispectral drone image analysis for shade tree species
characterisation in cocoa agroforestry systems

NIKOLAS PIONT KONWSKI GRÜNTHER1, MUNIR HOFFMANN2, GENNADY BRACHO
MUJICA1, REIMUND P. RÖTTER1, ISSAKA ABDULAI1

1University of Goettingen, Dept. of Crop Sciences: Tropical Plant Production and Agri-
cultural Systems Modelling (TROPAGS), Germany, Germany

2AGVOLUTION GmbH, Germany
Previous studies on cocoa agroforestry systems have shown the potential to diversify
the production, increase cocoa yield and thereby increase farmers income. On the
other hand, negative impacts of shade trees on cocoa production can lead to lower
yields compared to monocultures. Conventional studies in understanding the impact
of shade trees in cocoa agroforestry have mainly focused on manual observation and
direct measurements which are usually time and resource demanding and hence lim-
iting the spatial extend as well as the number of species that are studied. Analysis
of drone acquired high resolution multispectral images for evaluation biotic and abi-
otic stress in agricultural research is gaining high popularity but their application in
agroforestry systems, especially in the tropics is limited.
This study focuses on comparing shade tree species specific spectral indices (e.g. NDVI,
NDRE, …) over different seasons in a multi species cocoa agroforestry systems in
Ghana. Nineteen (19) shade trees species belonging to different functional groups
based on leaf phenologywere selected. Treemorphological traits (DBH, height, canopy
area) and leaf phenologywere recorded for 8 randomly selected individual shade trees
of each species. From a subset of 13 shade trees species belonging to the various func-
tional groups, the relationship between spectral indices and leaf nutrient content will
be analysed. Therefore, the central research question is whether significant differ-
ences in spectral traits exist among specific shade tree species and respective functional
groups and their variability over different seasons.
Multispectral drone images were collected with DJI Multispectral drone during late
wet season of November 2021, peak dry season of February 2022 and mid wet season
of July 2022 across 10 smallholder cocoa plantations of similar age in Ghana. Further
analysis of shade tree traits and interactions with cocoa trees through drone image
analysis could contribute to a deeper understanding of cocoa agroforestry systems
functioning through innovative research approach.

Keywords: Cocoa agroforestry, functional traits, remote sensing, shade tree species,
spectral indices
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Decomposition and nitrogen release patterns of shrubs/trees
leafy biomass in the Sahelian zone of Senegal in West Africa
SIRIKI FANE1, DEOGRATIAS KOFI AGBOTUI1, CHEIKH NDIAYE2, MARIKO INGOLD1,

SOPHIE GRAEFE1, ANDREAS BUERKERT1

1University of Kassel, Organic Plant Production and Agroecosyst. Res. in the Tropics
and Subtropics, Germany

2China Agricultural University (CAU), College of Resources and Environmental Sci.,
China

In open-parkland systems of theWest African Sahel, farmers often apply leafy
plant biomass to their croplands to maintain soil productivity. Nonetheless,
there is a need for research that examines how shrub and tree leaf biomass
decompose and mineralize to better understand processes of nutrient cycling
in these agroecosystems. The present study therefore aims at monitoring de-
composition and nitrogen (N) release of leafy biomass of selected shrub and
tree species from the region. Using the litterbag technique, our studywas con-
ducted in the Louga Region of Senegal with leaves of Faidherbia albida (Delile)
A.Chev., Pterocarpus lucensLepr.,Guiera senegalensis J. F. Gmel., andPiliostigma
reticulatum (DC.) Hochst. Each litterbag was filled with 26 g of leaves which
were placed on the soil surface and sampled at weeks 2, 4, 8, and 16. Decom-
posing leaves lost on average 30% of their initial dry weight in the first four
weeks after placement. At weeks 2, 4, 8, and 16, DM losses of F. albida were
with 43%, 43%, 51%, and 44%, respectively, significantly (𝑝 < 0.05) larger
than those of G. senegalensis. Only at week 2 average N releases of F. albida
and P. lucens were significantly (9%, 𝑝 < 0.05) higher than of G. senegalensis
and P. reticulatum. Nitrogen fixing trees and shrubs species (F. albida and P. lu-
cens) had a higher decomposition and nitrogen release because of their lower
C/N ratios. To improve application efficiency for crop yields, use of mulched
leaves should be tailored depending on the type of leafy biomass to optimize
synchronization of nutrient release with crop nutrient demands.

Keywords: Agroforestry, litter quality, litterbag technique, nutrient cycling,
organic agriculture
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Tree diversity and aboveground carbon stocks in push-pull
systems in western Kenya

ELISHEBA IMBAYA, MOSES GICHUA, SAMUEL WERE, SHEM KUYAH
Jomo Kenyatta University of Agriculture and Technology, Botany, Kenya

Push-pull technology is a companion cropping system that is effective in soil
fertility improvement and management of stemborers, fall armyworms, and
Striga weed in cereals. Trees in agricultural landscapes are considered a rem-
edy for climate change mitigation by storing carbon in soils and woody bio-
mass. However, this potential has not been quantified in push-pull systems.
Therefore this study aimed to determine the diversity and carbon stocks of
trees under push-pull systems in Siaya, Vihiga, and Kisumu counties in west-
ern Kenya. A total of 45 farms representing five land use categories namely:
Homestead, trees within cropland, woodlots, boundary planting, and trees
in grazing land were randomly selected from a list of push-pull farmers ob-
tained from the International Centre of Insect Physiology and Ecology. An
inventory of trees was conducted capturing the species name, diameter at
breast height (DBH), farm size, and area of various land use categories. DBH
was used to estimate aboveground biomass and carbon stocks. A total of 9159
trees, belonging to 97 species were inventoried over 33.968 ha. The highest
abundance and species richness were recorded in Vihiga while the highest
diversity index was recorded in Siaya. The highest abundance was recorded
by woodlots while the highest species richness and Shannon diversity index
was recorded by homestead in all the sites. The highest aboveground car-
bon estimates per farm were recorded in Kisumu at 12.10Mgha-1 while the
highest carbon stocks were recorded by woodlots in all the sites. The tree
species that contributed to higher aboveground biomass in all sites were Eu-
calyptus species (22.7%) and Grevillea robusta (22.8%). Small trees with DBH
< 10 cm were the most dominant (77.6%) in all the study sites but held the
least biomass (4.8%). Large trees with DBH > 40 cm were fewer (1.1%) but
held more biomass (33.1%). This study’s aboveground biomass and carbon
stocks provide useful information in mitigating climate change. Smallholder
push-pull farmers should also be encouraged to promote the conservation of
tree diversity, particularly in woodlots and homesteads that recorded higher
carbon stocks.

Keywords: Aboveground biomass, carbon stocks, climate change, diameter
at breast height, push-pull systems, Shannon diversity index
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Land-use effects on plant and arthropod diversity in
South African savannahs

KAI BEHN1, BIANCA GREYVENSTEIN2, FRANCES SIEBERT2, JOHNNIE VAN DEN BERG2,
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Savannah ecosystems in southern Africa are biodiversity hotspots and are
highly important for various ecosystem services. They are increasingly threat-
ened by land-use intensification, with mostly negative consequences on bio-
diversity. Along the intensification pathway, near-natural savannahs are typ-
ically first converted into rangelands, then into croplands, and finally into in-
tensively used homegardens. However, land-use intensity in croplands and
homegardens also depends on the farmer´s socio-economic background. Thus,
our study addresses the following questions: (1)Howdoes land-use intensifi-
cation affect the taxonomic and functional composition, and diversity of plant
and arthropod communities? (2) Do farmers’ socio-economic background
play a role in this context?
We conducted our study in South Africa’s Limpopo province. Climate is
semi-arid, and natural vegetation is a thornbush savannah. We sampled in
four land-use types along the intensification pathway, i.e. a game reserve
with near-natural vegetation, communal rangeland, cropland, and homegar-
dens. Plot selection in cropland and homegardens was stratified into four

Contact Address: Kai Behn, University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES) -
Plant Nutrition, Bonn, Germany, e-mail: kaibehn@uni-bonn.de
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socio-economic classes based onhousehold surveys. Field assessments of vas-
cular plants and arthropods (via pan and pitfall traps) were conducted in the
vegetation period 2020/21. To assess and compare diversity, we performed
PERMANOVA, and calculated Shannon- and association indices.
We found that plant and arthropod communities differed strongly across land-
use types. Many species were only recorded in one type, and the dominances
of functional groups varied. The game reserve was dominated by native,
perennial grasses with high forage value. In the rangelands, they were re-
placed by annual grasses. Annual forbs, many of them introduced species,
were common in the croplands and home gardens. For arthropods, similar
patterns were observable, with agricultural pest species restricted to crop-
lands. Farmers’ socio-economic background influenced diversity in home-
gardens, with richer households had lower arthropod diversity.
Land-use intensification in the savannah biome increased overall diversity of
plants and arthropods. However, many native wild species were lost outside
of the protected area, among them valuable forage grasses. Protected areas
are therefore of critical importance for biodiversity conservation, as they can
act as refuge for useful wild plants and beneficial arthropods. Education of
farmers on beneficial arthropods may further help to reduce losses in these
species groups.

Keywords: Beneficial arthropods, biodiversity, ecosystem functions, game
reserve, home gardens, Limpopo, rangeland, smallholder farmers, vegetation
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Exploring regenerative agriculture using photovoice:
The case of the Mau Narok-Cheregany Complex in Kenya

NDUNGU S. NYOKABI, HENRIETTA L. MOORE
University College London, Institute for Global Prosperity, Kenya

Maize monocrop systems have led to land degradation, soil erosion, and loss of bio-
diversity in Kenya. A transition to agroecological farming and establishment of agro-
forestry and silvopastoral systems could increase tree cover and reduce farmers’ ex-
posure to climate change, while creating new livelihood opportunities and increasing
rural prosperity.
Several studies have explored regenerative agriculture in Kenya, however, this re-
search has not been farmer-led or participatory. This study responds to this research
gap by adopting a farmer-led, participatory, visual research approach to exploring the
future of regenerative agriculture in Kenya.
In this study, we used photovoice - a participatory, visual method - to explore farmers’
adoption of regenerative agricultural practices in the Mau-Narok- Cherangany Com-
plex. Farmers were purposively selected based on their willingness to participate in
the study; possession of a smart-phonewith a camera; and aminimumof three years of
farming experience. Farmers took photographs of the regenerative agricultural prac-
tices they had adopted in their farms and shared these photographs with the lead
researcher via WhatsAppmessenger. The photographs were printed and a discussion
was held with farmers to further elaborate on and explore the stories they wanted to
communicate with their images.
The photographs revealed that farmers had adopted a range of regenerative agricul-
tural practices, from agroforestry involving the planting of coffee, bamboo, mango,
avocado, and timber and medicinal trees in response to growing demand from the lo-
cal and global markets for fruits and timber and non-timber products. The incorpora-
tion of trees into farming systems and a move away from maize grown as a monocrop
created new economic livelihood opportunities for farm households, such as bee keep-
ing, and generated wood for construction and fire wood. Farmers reported that the
introduction of bamboo and terraces had resulted in the recovery of a local stream that
had dried out; reduction of soil erosion and improvement of the riparian areas; and
had increased insect and bird biodiversity by providing habitat.
The findings of this study underscore the importance of policymakers and practition-
ers supporting farmers in transitioning frommonocrop system tomore resilient peren-
nial tree-crop-based, multi-species farming systems.

Keywords: Agroforestry, regenerative agriculture, silvopastoral, trees, visual research
methods
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Expanding agri-food production puts pressure on forests globally and pushes
their fragmentation and degradation, at times up to the point of deforestation.
Biodiverse forests are essential prerequisites for the provision of ecosystem
functions and services, which are vital for food production and thus food se-
curity in the surrounding areas. Considering the drastic effects of climate
change, especially the increased frequency and intensity of extreme weather
events such as droughts, floods and storms, the ecosystem functions of bio-
diverse forest are becoming increasingly vital for food production systems.
The present study aims at comparing three forest landscapes in three coun-
tries, Mozambique, Madagascar and Brazil, to explore the possibility to en-
hance local food security and sustain productivity of agriculture systems close
to forests. These three forest landscapes each consist of forest areas put under
pressure by surrounding agricultural areas. Factors affecting the level of en-
croachment on the remaining forest areas are compared such as the level of
primarily need driven invasion from local settlements for extractive uses. As
potentially favorable factors, the comparative analysis will look into identi-
fied forest ecosystem functions and services, the respective protection status
of the forests as well as possible strategies for more sustainable agriculture
and food security in the surrounding areas. To specify these potentials more
precisely, selected strategies will be reviewed, like forest conservation mea-
sures, nature based solutions for disaster mitigation and evolving marketing
options for sustainable value chains of neglected and underutilised species
(NUS) in the forest-agricultural landscape will be explored, and for each for-
est landscape, an integrating portfolio for agroecological transition pathways
can be proposed.

Keywords: Agroecological transitionpathways biodiverse resilient forest land-
scapes, food security, sustainable agriculture
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Vanilla wild relatives naturally occurring in Atlantic
rainforest–central biodiversity corridor in southern Bahia –

Brazil
MARINA ROSA DE SOUZA, TAINA SORAIA MULLER
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Sustainability, Brazil

The genus VanillaMill., due to being a source of vanillin, an aromatic organic
compound with high commercial value, is one of the best-known of the Or-
chidaceae family. The extracted oil has been used in the food, pharmaceuti-
cal, and cosmetics industries. Considering the complex activity of growing
vanilla for oil extraction, studying species of this genus is of huge interest for
conservation and breeding programs. The current study was carried out in
the extreme south of the state of Bahia, in northeastern Brazil. A region char-
acterized by the presence ofmany traditional communities and small farmers,
and human development index below theOECD average. The study area cov-
ered four different provenances, including the conservation unit “Descobri-
mento National Park” and its surrounding communities, and aimed to iden-
tify the naturally occurring Vanilla species. Expeditions were carried out in
the forest with the purpose to find and register specimens using geo-location
for further monitoring and data collection on the morphology, habitat, floral
visitors, and floral phenology. The observation of the reproductive organs oc-
curred weekly/daily for a period of 60 days, from the flower bud stage until
the first flower has fallen naturally. Fifteen specimens were marked all over
the studied area, three of them were blossoming and provided data for this
study. Through the analysis of the morphological and phenological charac-
teristics of the observed flowers, it was possible to identify with certainty two
species, Vanilla phaeantha Rchb.f. and Vanilla chamissonis Klotzsch. These re-
sults contribute to determining and registering vanilla wild relatives’ occur-
rence in the extreme south of Bahia. In addition, relevant information was
generated on phenological, and morphological aspects of the species found
in this environment.
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Influence of coffee agroforestry systems on soil carbon stock
and carbon mineralisation: A case study in northern Thailand
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Deforestation affects soil carbon stock due to the soil environment under the canopy
and the root systems of each plant species determine soil carbon mineralisation pro-
cess. In the upper north of Thailand, forest area has recently been converted to agricul-
tural area in particular coffee plantation. Therefore, the objective of this research was
to assess soil carbon stock and carbon mineralisation in various coffee agroforestry
systems. The study site was located at the Arabica coffee plantation of the Nhong Hoi
Highland Agricultural Research Station in ChiangMai province, Thailand. This study
included four land use types: (1) forest (comparing site), (2) coffee monoculture, (3)
coffee grown with forest, and (4) coffee grown with fruit trees. To investigate soil
carbon stock, nondestructive soil samples were taken at three different soil depths:
0–20 cm, 20–40 cm, and 40–60 cm. For carbon mineralisation study, destructive soil
samples at topsoil layer (0 – 20 cm) were taken into the laboratory for the incubation
experiment. The soils were then sampled at day 1, 4, 7, 14, 21, 35 and 65 after incu-
bation for dissolved organic carbon (DOC) and CO2 emission analysis. This study
revealed that the coffee with fruit trees at topsoil layer (0–20 cm) had the lowest soil
carbon stock, followed by coffee monoculture and the forest, while the soil from the
coffee grownwith the forest had the highest soil carbon stock. The soil carbon stock at
20–40 and 40–60 cm depths did not differ (𝑝 > 0.05) between each land uses. Regard-
ing DOC, forest soil was found to be considerably higher than coffee monocrop and
coffee grown with fruit trees (𝑝 < 0.05), with DOC values of 25.23 mg kg−1. Coffee
monoculture had the lowest DOC (22.56mg kg−1). Cumulative CO2 emission showed
that coffee grown with forest contributed the highest CO2 emission (10.3 mg kg−1)
while forest had the lowest value of CO2 emission (4 mg kg−1). Combined coffee and
forest cultivation can boost biodiversity more than coffee monoculture. Coffee culti-
vation in association with forests or perennial fruit trees can be options for sustainable
Arabica coffee cultivation in Northern Thailand.

Keywords: Agroforestry systems, Arabica coffee, land use change, soil microbial res-
piration
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Seasonal dynamics of soil carbon and nitrogen stocks with
various coffee agroforestry systems in Thailand
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Agroforestry is an alternative agricultural system that can help reduce deforestation,
soil erosion, and other environmental issues caused by deforestation. This combi-
nation of forest and agriculture can serve as a carbon and nitrogen sink and source.
However, seasonal change alters the capacity to store carbon (C) and nitrogen (N) in
soil. Therefore, the purpose of this study was to evaluate seasonal dynamics of soil
carbon and nitrogen stocks in different coffee agroforestry systems. The study site
was conducted at the Nhong Hoi Highland Agricultural Research Station in Chiang
Mai province, Thailand. This study included four land use types: (L1) forest, (L2)
coffee monoculture, (L3) coffee grown with forest, and (L4) coffee grown with fruit
trees (Persimmon). The data was collected in two seasons including rainy and cold
seasons. For soil carbon and nitrogen stocks, soil samples were taken at three soil
depths: 0–20, 20–40, and 40–60 cm. Soil physico-chemical, and biological properties
were analyzed. Moreover, litter traps were used to capture fallen biomass from as-
sociated plant species. The results indicated that seasonal changes had no effect on
the dynamics of soil carbon and nitrogen stocks (0 – 60 cm) (𝑝 > 0.05). During the
rainy season, L3 had the highest soil carbon stock (71.21 t C ha−1) at 0–20 cm, while
L4 had the lowest (37.41 t C ha−1) (𝑝 < 0.05). L3 had the trend of having highest soil
carbon stock, but there was no statistically significant difference among land use types
at 20 – 40 cm and 40 – 60 cm. While seasonal dynamics had the effect on soil nitrogen
stock (0 – 60 cm) (𝑝 = 0.021), rainy season contributed to higher soil nitrogen stock as
compared to cold season. N fertiliser application in coffee agroforestry systems led to
higher soil nitrogen stock during rainy season (9.64 t N ha−1), while cold season had
7.82 t N ha−1. During rainy season, L3 had the highest soil nitrogen stock at 0 – 20 and
20 – 40 cm, which the values were 6.09 and 3.58 t N ha−1, respectively. However, L1
had the highest soil nitrogen stock in all soil depths during cold season.
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Aboveground biomass models for trees and shrubs of
exclosures in the drylands of Tigray, northern Ethiopia
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Globally, drylands cover large areas, but fewmodels for estimation of biomass
are developed for the relatively complicated tree and shrub structures found
in this particular environment. The main objective was to develop above-
ground biomass models generally applicable for all exclosures in the region.
A first set of general aboveground biomass models for exclosures in the dry-
lands of the Tigray region, northern Ethiopia were developed from a large
dataset with 305 destructively sampled trees and shrubs covering 50 differ-
ent species and distinct growing conditions. Since biomass revealed nonlin-
ear relationships to the independent tree variables, we used a nonlinear least
square modelling technique when fitting models. Selection of models was
based on Pseudo- R2, and root mean square errors and mean prediction er-
rors (MPEs) from a leave-one-out-cross-validation procedure. Pseudo- R2

and relative (MPEs) of the models varied from 0.76 to 0.84 and −3.7% to
−1.5%, respectively. The large prediction errors observed when testing the
“pan-tropical” models on our data, not only demonstrated the importance
of developing the new models, but also indicated that careful considerations
should done if the “pantropical” are planned for application in drylands else-
where than Ethiopia. The new models may be applied generally for exclo-
sures in Tigray region for decision-support in forest management and as ba-
sis for reporting changes in carbon stock as required in the reducing emis-
sions from deforestation and forest degradation (REDD+)mechanism. Since
no other appropriate model options exist, we recommend our set of general
aboveground biomass models to be applied generally for large-area estimates
of aboveground biomass of timber and fuelwood of exclosures in the region.

Keywords: Aboveground biomass, crown width, destructive sampling, ex-
closures, wood basic density
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Analysis of the diversity and timber potential in cocoa
agroforestry systems in alta Verapaz, Guatemala
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The production of timber in agroforestry systems holds immense potential in
promoting environmental and economic sustainability, particularly for rural
families. Despite its significance in Guatemala, little is known about the po-
tential of timber and its contribution to the sustainability of traditional agro-
forestry systems. This study aims to analyse the timber resource in cocoa
agroforestry systems of different ages and evaluate variables such as floris-
tic composition, species diversity, and potential for timber production from
the species present in the evaluated systems. To achieve this objective, the re-
searchers established 20 temporary sampling plots and measured dasometric
variables in each plot, including total height (th), commercial height (ch), and
diameter at breast height (DBH) of the inventoried species. The presence of
species was statistically analysed using cross-tabulation and Pearson’s Chi-
square test (χ2) to determine the frequency distribution of species among
the ages of the evaluated agroforestry systems. The study identified 827 trees
of 38 species belonging to 19 families. The most represented species within
the age range of the evaluated systems were Gliricidia sepium (Jacq.) Kunth.
(35.07%), Swietenia macrophylla G.King (19.11%), and Inga sapindoides Willd
(7.62%). The trees occupied a basal area of 33.29 m2, and a total volume of
352.35 m3 was recorded, of which 148.9 m3 were for commercial use. The
most frequent uses were firewood (38.21%), thin plank (30.23%), and poles
(22.85%), while the use of thick planks was the least common (8.71%). The
study highlights the wide diversity of shade tree species present in cocoa
agroforestry systems, indicating their significant potential for timber produc-
tion, especially for firewood. This information is relevant for the planning
of management and conservation strategies for cocoa agroforestry systems in
the region.

Keywords: Botanical composition, cocoa agroforest systems, dasomestric
variables, species diversity, timber production

Contact Address: Marie Kalousová, Czech University of Life Sciences Prague, Fac. of Tropical
AgriSciences, Dept. of Crop Sciences andAgroforestry, 16900 Prague, Czech Republic, e-mail:
marie.kalousova@gmail.com

ID 897 325



(Agro)forestry and (agro)biodiversity

The impact of agroforestry systems on the reduction of forest
fires. A case study in the tropical Andes of Cochabamba,

Bolivia
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Forest fires represent one of the major threats to biodiversity conservation;
a considerable number of these events are strongly related to agricultural ex-
pansion, especially in developing countries. In many rural communities from
the Bolivian tropical Andes, forest and grassland fires have been a recurring
problem for the last decades. Many of these fires are caused by local farmers,
attempting to open land for agriculture and cattle farming by a widespread
practice called “supervised fires”, but often, due to environmental conditions
like high wind speed, steep slopes, and dryness (this practice is common
during the dry season), they lose control of it. Local fire reports and inter-
views with rural farmers state that both frequency and intensity of fires have
been reduced in recent years in areas where agroforestry systems have been
introduced as a new way of agricultural production. Remote sensing tools,
such as the normalized burn ratio index, the MODIS/Terra+Aqua burned
area monthly L3 global 500m SIN grid, and the Hansen global forest cover
change v 1.9 database were used to corroborate such information. The results
show a reduction pattern in the extension of burnt areas since the implemen-
tation of these systems, showing their positive impact in terms of environ-
mental conservation, with special attention on Polylepis spp. forests, a threat-
ened native genus that is currently displaying a good conservation status in
the study area. Besides the environmental aspect, these agroforestry systems
represent an attractive economic alternative for rural farmers, as they diver-
sify their production, and reduce the dependency on agrochemical products.
Moreover, this paradigm change implies one step further towards sustainable
development and climate resilience.
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Crop-livestock integration in urban agriculture: Implication
for urban food security in Ghana
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Apricot fruits constitute an economically and ecologically important horticultural crop
in Gilgit-Baltistan, N-Pakistan. Its high nutritional, medical, and economic value is
appreciated by farmers and consumers of the region. An astonishing rich diversity
of local landraces is available in the area of which many appear to be rare, are un-
documented, and may be thus at risk of extinction, since modern varieties and cash-
crop fruits like cherry are alternatively cultivated. To assess the current use, manage-
ment, and diversity of apricot, 52 households of 15 villages in five valleys and two
research centres were visited and a total of 240 landraces collected and morphologi-
cally as well as phenotypically characterised. Alpha and beta diversity was calculated
to assess landrace richness and diversity measures within and across villages, valleys
and the two regions Gilgit and Baltistan. The information derived from 12 microsatel-
lite markers was used to assess genetic variation and structure. The results of two
cluster analyses of morphological and genetic parameters were merged into a tangle-
gram by means of cophenic correlation matrices. A total of 122 vernacular names of
apricot landraces were recorded; the most dominant are Halman, Habi, Karfo chuli,
and Shikanda. Among five valleys, the mean Simpson index was 0.94 while mean ge-
netic diversity (He) was moderate (0.729). The overall weighted β diversity was 0.737
of which the Gilgit region captured the largest diversity. Negative inbreeding coeffi-
cients indicated a moderate excess of heterozygotes in all groups. A moderate corre-
lation (r = 0.45, 𝑝 = 0.001) between phenotypic and genetic dendrograms suggested
genetically linked apricot stone traits. We were also able to identify true-to-type, syn-
onym, and homonym samples. Considering the high phenotypic and genetic variabil-
ity, Gilgit-Baltistan appears a promising source of apricot germplasm for future breed-
ing programs. The promotion of local varieties may allow farmers to diversify their
production and derived sources of income as well as to maintain a historically impor-
tant bio-cultural heritage of Gilgit-Baltistan. Comprehensive conservation strategies,
combined with further participatory research, will be needed to achieve this goal.

Keywords: Dead end valleys, livelihood, microsatellite markers, tree management,
varietal richness, α and β diversity
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regeneration of genebank germplasm
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ILRI holds over 18,000 accessions of tropical and subtropical grass and legume
forages in its ‘in trust’ collection. Annually hundreds of samples are requested
and distributed to researchers and forage seed producers. To ensure the con-
tinuous availability of seeds, accessions are regenerated in the field to replen-
ish exhausted inventory. Thus, a rationalized strategy is required to ensure
the integrity of the germplasmover continuous generations tomaintain stocks
of seeds for distribution. In such effort, it is important to know the implication
of continuous regeneration on the genetic integrity of accessions. Therefore,
the aim of this project was to assess the effect of continued regeneration on
integrity of germplasm in the genebank. Thus, we used genotyping data to
assess the genetic integrity of accessions over continued regeneration in three
forage species namely Lablab purpureus,Vigna unguiculata and Stylosanthes cap-
itata. Accessions with the largest number of lots from the three forage species
were selected and used for this study. Genomic DNA was extracted from
young leaves collected from actively growing seedlings in the greenhouse and
genotyped on the DArTSeq platform. The generated markers were subjected
to different analyses such hierarchical clustering, principal component anal-
ysis (PCA), genetic relationship matrix (GRM), probability of identity by de-
scent and genetic distance. The result showed that in most cases the lots from
the same accession clustered together with genetic similarity close to 1. In a
few cases, the lots from accessions clustered in two groups. In general, the
result shows the importance of good management practices and the need to
have quality insurance/control protocol during seed production and process-
ing to ensure integrity of germplasm conserved in genebank.
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The genus Pinus is classified as one of the most widely distributed genera of conifer
trees, with P. merkusii being the only member that grows naturally in the tropics in-
cluding on the Sumatran island. Three native strains are known on Sumatra: Aceh,
Kerinci, and Tapanuli, while the first one is known as the largest population among
the three. Its resin is highly valued and classified as one of the most valuable Non
Timber Forest Products (NTFP) worth up to US $ 50 million/ year. Pinus forests have
played an immense role in maintaining the cool climate condition of the tropical high-
lands, however, their existence has been threatened due to massive planting of citron
grass (Cymbopogon sp.) over the past two decades, due to its attractive selling price.
Therefore, their genetic assessment at the DNA level is essential, before some of them
may have disappeared due to massive deforestation. Simple sequence repeat (SSR)
markers were applied to assess DNA variations due to its co-dominant, and effective
characteristics. There were three to six SSR markers applied based on previous refer-
ences, e.g. pm01, pm05, etc., whose lengths were varied from 100 to 3,000 base pair
(bp). The DNA leaf samples from two distinct populations (low- & high-lands) were
employed as material in this study. Thus, four accessions from Tapanuli, and three
accessions from Kerinci were also applied as outgroup members. Gel electrophoreses
was made in order to separate the bands, and band scoring was conducted via NTSYS
programme, which calculated the bands based on similarity index. Finally, a dendro-
gram graph was produced in order to study further the phylogenetic among the sam-
ples. In general, there were five clades, with the majority of accessions (around 80%)
clustered in I, with an overall genetic distance calculated between 0.50 until 0.88.
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Borneo peat swamp forest and orangutan conservation in
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Peatland restoration in Central Kalimantan and orangutan conservation are
closely linked, as the destruction of peatlands in the region has had a dev-
astating impact on the orangutan population. Central Kalimantan, located
on the island of Borneo in Indonesia, is home to one of the world’s largest
areas of tropical peatland. Peatlands store vast amounts of carbon and sup-
port a unique array of species, including the critically endangered Bornean
orangutan. However, over the past few decades, the peatlands have been
extensively drained and converted into plantations, causing massive habitat
loss, as well as contributing to climate change through the release of green-
house gases. The Borneo Orangutan Survival Foundation (BOSF), the world-
wide biggest primate conservation NGO, is actively involved in orangutan
conservation and peatland restoration efforts. One of BOS’ intervention ar-
eas is the Mawas protected forest, located within the ex-Mega Rice Project in
Central Kalimantan. Mawas encompasses 309,000 hectares and is the home
of 2,550 wild orangutans. Overall, peatland restoration in Central Kaliman-
tan is crucial for the long-term survival of orangutans and other endangered
species, as well as for mitigating climate change and promoting sustainable
development in the region. This paper presents practical experiences and rec-
ommendations from the work of BOSF in cooperation with BOS Germany
and local communities in Borneo in restoration of degraded peatlands, in-
cluding paludiculture activities. Rewetting of degraded peatlands is achieved
through canal blocking and reforestation with native species. Up to now BOS
Germany has provided support to rewetting around 3.000 hectares of peat-
land and more than 280 hectares of degraded land have been reforested. All
activities are carried out in close cooperation with local and indigenous com-
munities and local authorities. Mawas has 53 villages with 29,000 families, of
which a large percentage live below the poverty line. The principle of paludi-
culture, to restore the peat ecosystemwhile still paying attention to economic
interests, is a sustainable option for these families. Agroforestry schemeswith
medicinal trees, sago, jelutung and fruit trees are being implemented, as well
as beje aquaculture, a traditional and sustainable technique for breeding fish
in artificial ponds in peatlands.
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3Inst. of Animal Sci., Livestock Farming Systems and Environmental Res., Vietnam

Northwest Vietnam has experienced changes in crop and livestock systems due to im-
proved interventions of provincial programmes anddifferent projects. These interven-
tions can potentially change the performance of farms, the structure of farming sys-
tems, and their transition toward agroecology. However, the specific ways in which
crop-livestock-tree farming systems may evolve towards agroecology in the presence
of these interventions are not understood. The current study aimed to characterise
the agroecological transition of crop-livestock-tree systems and identify the trade-offs
and synergy on farm performance. The study was conducted in Northwest region of
Vietnam in Chieng Chung commune, Son La province. A mixed methodology ap-
proach was used in this study in two steps. Group discussions with local stakeholders
were first conducted to identify the main changes in the farm and key performance,
which arise therefrom on farm performance. The key stakeholders included head of
farmer organisation, women’s organisation, communal leaders. In-depth interviews
were conducted in sequence with 32 cattle-coffee farmers. These farmers were house-
holds who have adopted changes identified in the mentioned discussions. The tran-
sition in the farm was examined in three aspects of agroecology in terms of diversity,
synergy, recycling, using TAPE tool developed by FAO, (2018). Socio-economic in-
dicators were used, including productivity, revenue, production cost, quality of life,
labour intensity, and job creation. Results show that land use in the farm has changed
towards intensification andmultifunctionality of coffee-based systems. Cattle systems
have becomemore intensive in livestock density on farms and developing feeding sys-
tems. Interviewed farms have a transition in diversity (>50%) due to the cultivation
of new trees and improve grass species. The synergy between systems is also in tran-
sition (>=50%) because of the increased use of manure for crop and trees, and crops
and crop residues for animal feeds. However, recycling is still under agroecologi-
cal transition (<50%). In comparison to the past, the development has led to higher
productivity in land and labour, increased revenue regularity, better quality of life
in labour income, and more employment opportunities for local people. The transi-
tion has lowered chemical fertiliser cost (>70%), while increasing labour hardship,
especially for caring coffee systems

Keywords: Agroecological transition, synergy, trade-offs, Vietnam
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Yield, labour use, and hybrid cocoa adoption in Ahafo Ano
south-west district, Ghana

EMMANUEL TETTEH JUMPAH, TOMÁŠ RATINGER, MIROSLAVA BAVOROVÁ,
BERNARD KWAMENA COBBINA ESSEL

Czech University of Life Sciences Prague, Fac. of Tropical AgriScience - Dept. of Eco-
nomics and Development, Czech Republic

This study focused firstly on how hybrid cocoa affects yield and secondly on
how access to labour affects the adoption of hybrid cocoa. Hybrid cocoa va-
rieties are known to have better yields than traditional varieties. However,
adoption of hybrid cocoa is extremely low and low cocoa yields remain a ma-
jor challenge for cocoa production. To maximise the yield of hybrid cocoa,
farmers need to weed, prune and apply agrochemicals in a timely manner.
All this requires labour. Because of the low yields and low adoption of hy-
brid cocoa, this study aimed to investigate how farmers’ yields are affected by
the adoption of hybrid cocoa and how access to labour affects hybrid cocoa
adoption. To do this, we collected household level data from 416 smallholder
cocoa farmers in the Ahafo Ano South-West District of Ghana. We used a
multistage sampling technique, purposive and simple random sampling, to
collect the data. The ordinary least square (OLS) and seemingly unrelated
regression (SUR) econometric estimation frameworks were used for the anal-
ysis. The SUR results showed that adoption of hybrid cocoa increased cocoa
yield by 9.91 kgha−1 (𝑝 < 0.01). Access to labour increased adoption of hy-
brid cocoa by 1% (𝑝 < 0.01). We conclude that improved varieties such as
hybrid cocoa are important in determining farmer productivity. In addition,
access to labour improves the adoption of hybrid cocoa. Based on the results,
we recommend agricultural extension programmes that raise awareness of
the benefits of hybrid cocoa. Hybrid cocoa development programmes need
to be strengthened to improve farmers’ access to hybrid cocoa seedlings. Im-
proved access to subsidised inputs such as fertilisers is needed to encourage
adoption. Government and the private sector should support farmers with
small-scale mechanisation equipment to reduce the use of human labour. All
this will increase productivity, income and adoption of hybrid cocoa by small-
holder cocoa farmers.

Keywords: Ghana, hybrid cocoa, labour, productivity, smallholder cocoa
farmers
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Farmer managed natural regeneration: Socioeconomic
determinants and tree adoption patterns for smallholders in

Kenya
IRENE AWINO OJUOK1, TILL STELLMACHER1, ERMIAS BETEMARIAM2, TONY

RINAUDO3, MICHAEL BOLLIG4, CHRISTIAN BORGEMEISTER1
1University of Bonn, Center for Development Research (ZEF), Germany
2World Agroforestry (ICRAF-CIFOR), Kenya
3World Vision, Australia
4University of Cologne, Inst. for Social and Cultural Anthropology, Germany

The problem of land degradation persists despite enormous efforts in sustain-
able land management. In Kenya, over 80% of the land is Arid and semi-arid
hosting over 12 million people who live and depend on the degraded land-
scapes. Halting and reversing land degradation requires radical shifts in agri-
cultural production systems that combine efforts against deforestation, cli-
mate change, and poverty. Farmer Managed Natural Regeneration (FMNR)
has attracted global attention in the last 10 years as an adaptable farmer-led
land restoration approach that can quickly transform degraded landscapes
into productive land with optimum tree cover while strengthening the liveli-
hoods of smallholders. Unlike the common direct tree planting, FMNR is
about the systematic regeneration and management of already existing na-
tive trees, self-sown seeds, stumps, or wildings on the landscape. Despite the
significant practical local success of FMNR inmany parts of theworld, there is
limited scientific evidence on its suitability, potential, and limitations outside
West Africa. Therefore, the growing global appetite for FMNR beyond West
Africa must be augmented succinctly through applied and interdisciplinary
empirical research forwider uptake. FMNRhas been implemented in Baringo
County, Kenya, since 2012 yet no empirical study conducted to establish dif-
ferences between FMNR-practicing and non-FMNR-practicing households.
Understanding household and farm characteristics differences between the
two groups is key in determining the potential adoption drivers and their
linkages to on-farm tree adoption patterns. This quantitative study compares
household and farm characteristics of FMNR-practicing (n=145) and non-
FMNR-practicing (n=143) farmers in Baringo County. Principal component
analysis was used to establish household wealth status. Results indicate that
higher wealth status, household size, education level (at least completion of
primary education), and years of residence in the area (tenure security) are
strongly associated with practicing FMNR. Female-headed Households are

Contact Address: Irene Awino Ojuok, University of Bonn, Center for Development Re-
search (ZEF), Ecology andNatural ResourcesManagement, Genscherallee 3, Bonn, Germany,
e-mail: barrackawino@yahoo.com
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also more likely to practice FMNR compared to male-headed HH. The study
also assesses perceived tree cover on farms. Findings suggest tree (native and
non-native) species diversity and density are higher in FMNR-practicingHHs
compared to non-practicing HHs. Non-practicing farmers have perceived a
threefold decline in native trees over the last 5 years compared to FMNR-
practicing farmers.

Keywords: Comparison, FMNR, practice, smallholders, socioeconomic
determinants, tree adoption
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Participatory development of bush control techniques to
improve rangelands and food security in Borana, Ethiopia

JALDESA DOYO1, PASCALE WAELTI2, TABEA ALLEN2, CHRISTOPH STUDER2
1Oromia Agricultural Research Institute-Yabello Pastoral and Dryland Agriculture
Research Center (YPDARC ), Animal Feed and Rangeland Management, Ethiopia

2Bern University of Applied Sciences (BFH), School of Agricultural, Forest and Food
Sciences (HAFL), Switzerland

Bush encroachment is a major problem in the Borana rangelands, leading to suppres-
sion of the herbaceous biomass, and thus affecting livestock productivity and food
security of pastoralists. One activity of the NRM-Borana project, implemented by a
consortium of NGOs led by Helvetas, was to identify grazing areas for rehabilitation.
Within this framework, a participatory research project (PAR) was undertaken by YP-
DARC and BFH-HAFL, to develop and test jointly with the local community innova-
tive and effective methods to control bush encroachment.
In the areas selected for improvement, experimental sites of 6 to 12 ha were delim-
ited. Different treatments were applied during dry season: Thinning plus base burn-
ing, thinning plus debarking plus burning, stand base burning plus not thinning, and
enclosure plus no thinning (control). Data collection was conducted on 20*20m sam-
pling plots. The number of dead bushes was recorded at end of rainy season following
the treatments. Herbaceous cover, composition and diversity were sampled from 0.5*
0.5m quadrats in each corner and at the centre of the sampling plots. A participa-
tory evaluation was conducted, collecting community perception through individual
interviews and focus group discussions.
The two treatments including base burning (with or without thinning) were the most
effective, killing over 90% of the bushes, while the thinning plus debarking treatment
killed 30% of the bushes. Stand base burning was more effective on ground branched
bush species such as: Senegalia mellifera, and Vachellia drepanolobium. Thinning the
bushes had a positive effect on herbaceous basal cover and biomass production.
Thinning plus base burning was found to be very effective by communities in killing
encroachers and regenerating grass cover, but more labour intensive than stand base
burning alone. The thinning plus debarking techniquewas the least preferred because
it was not effective in killing bushes and the workload was higher. The strong involve-
ment of the beneficiaries into the problem identification, trial design, implementation
and monitoring/evaluation were considered as success factors by the communities
and the researchers. The inclusion of traditional knowledge led to effective and suc-
cessful co-development of new techniques for bush control in Borana Lowlands.

Keywords: Bush encroachment, Ethiopia, invasive woody weeds, rangeland rehabili-
tation
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Effects of pruning on workload and yields of native cacao
under agroforests in Bolivia

CHIGUSA KELLER1, JOHANNA RÜEGG1, CONSUELO CAMPOS2, CHLOÉ DUROT1,
JOACHIM MILZ2, MONIKA SCHNEIDER1, STÉPHANE SAJ1

1Research Inst. of Organic Agriculture (FiBL), International Cooperation, Switzerland
2Ecotop Foundation, Bolivia

Cacao Nacional Boliviano (CNB) is the denomination for cacao derived from wild
populations found in the Bolivian Amazon, traditionally collected by local commu-
nities. But cultivation surfaces are increasing as CNB beans are recognised interna-
tionally for their organoleptic qualities. So far, little selection has been done on the
semi-wild populations cultivated and agricultural practices might have to be adapted
to better support farmers’ livelihoods.
We studied three different agricultural systems: CNB in agroforestry with bananas,
fruit and timber trees with a management focusing on weeding and cacao pruning
(AF); CNB planted in the cleared understory of a largely unmanaged secondary forest
with (SFwP) orwithout (SFnP) cacao tree pruning. Wemonitored the yearly dry bean
yield, labour time required for field activities, and resulting efficiencies of these three
systems on plots established in 2012. Cacao was planted using CNB progenies from
locally selected trees.
In all systems, the first cocoa pods matured 4 years after planting; production in-
creased significantly in the 6th year and again between the 9th and 11th year. Cumu-
lative dry yields in this third phase (2020-2022) were highest in SFnP (911.2 kgha-1),
followed by AF (591.2 kgha-1) and SFwP (277.8 kgha-1). Heavy pruning was labour-
intensive (up to 56% of total labour time) and limited yields but increased harvesting
efficiency in the following years without pruning. In 2020-2022, harvesting in SFnP
was 5 times more laborious as in SFwP and 2.7 times more as in AF, while its yield
was only 3.3 and 1.5 times higher, respectively. Harvesting efficiency was thus higher
in both pruned systems (AF: 7.3 kgworkday-1, SFwP: 6.7 kgWD-1), compared to the
unpruned system (4.4 kgWD-1).
Our results underline the delicate balance between the practice of pruning, aiming at
facilitating and concentrating the harvest at a limited height, and its effect on cacao
physiology. Yet, association in AF shows that in completely managed systems, CNB
is able to reach fair yield levels despite pruning. All in all, our results call for further
domestication of CNB progenies aiming at earlier start of production, and adaptation
of management practices (timing and intensity of pruning) for CNB.

Keywords: Bolivia, cacao agroforestry, native cacao, pruning
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The potential of tropical forage species maintained in the
ILRI-forage-genebank for sustainable agriculture and

food-security
MEKI SHEHABU MUKTAR1, ALEMAYEHU TERESSSA NEGAWO1, ALICE MUCHUGI1,

CHRIS S. JONES2

1International Livestock Research Institute (ILRI), Ethiopia
2International Livestock Research Institute (ILRI), Kenya

The International LivestockResearch Institute (ILRI) forage genebank, atAddisAbeba,
Ethiopia, maintains a collection of 18,664 accessions of tropical forage germplasm, in-
cluding species of leguminous fodder trees, herbaceous legumes, and forage grasses.
The fodder tree species are a good source of high-quality, protein-rich forage for sub-
sistence and commercial livestock production and supply foliage during dry periods
when herbaceous species are not available. They can enhance the sustainability of
farming systems because of their longevity, enhancement of fertility and physical sta-
bility in the landscape, they fit well in agroforestry systems and rehabilitation of de-
graded lands and offer opportunities for sustainable agriculture and intensification
of tropical biodiversity. We have been characterising some of them, such as Sesba-
nia sesban, to identify climate resilient, adaptive, and high biomass yielding geno-
types that can be used as an alternative feed source in the dry season. The majority
of the herbaceous legumes maintained in the genebank can be used for both human
food and animal feed, however, most are underutilised and less characterised orphan
crops. Currently we are working on some of them, including lablab (Lablab purpureus)
and Cowpea (Vigna unguiculata). Improving the production and productivity of these
underutilised crops is a promising strategy to diversify food systems. The perennial
grasses maintained in the genebank also offer many beneficial characteristics. For in-
stance, Napier grass, themost well-known tropical forage grass, is produced primarily
as a fodder crop for animal feed because of its high feed quality, high dry matter con-
tent, and year-round availability. Given that it contains a lot of cellulose, which can
be utilised as a source of carbon (energy), it has the potential to make biofuels, and
is used in paper industry. In conclusion, we have been studying some species from
each of these categories with the intent of tapping into the genetic diversity that sits
in these crops, in order to better understand how we can support their improvement
so that they can contribute to food and feed systems, soil health management, and
rehabilitation of degraded lands. Some of the works will be presented in the seminar.

Keywords: Forage genebank, ILRI, perennial fodder tree, tropical forage
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Satellite remote sensing for above-ground biomass mapping
of agroforestry plots: Enhancing income streams through

carbon credits
JOHANNES RAHER

Bern University of Applied Sciences, School of Agricultural, Forest and Food Sciences
(HAFL), Austria

Smallholder agriculture is an essential contributor to food security and income gen-
eration in many parts of the tropics. Agroforestry systems offer a unique opportu-
nity for farmers to diversify their income streams by participating in carbon credit
programs. However, monitoring above-ground biomass (AGB) and carbon stocks in
these plots can be challenging and costly. Thus a narrative review was conducted of
satellite remote sensing methods for assessing AGB on a plot level with the aim to
reduce monitoring costs and enhance the feasibility of carbon projects. The review fo-
cused on sources from 2003 onwards to incorporate the latest technological advance-
ments while excluding outdated satellite-based platforms. Various satellite remote
sensing methods, including optical multispectral, hyperspectral, radar, and LiDAR
techniques, were examined for their scope of application of plot-level AGB measure-
ments.
Optical multispectral sensors, such as Landsat and Sentinel-2, provide valuable data
for estimating AGB in these plots. However, precision and saturation issues need to
be addressed. Higher-resolution optical data from commercial constellations such as
RapidEye and Dove can offer more detailed information but may imply higher costs.
The incorporation of Synthetic Aperture Radar (SAR) sensors, such as ALOS PAL-
SAR and Sentinel-1, permits AGB estimation even in areas with persistent cloud cover,
providing valuable insights into the agricultural landscape. LiDAR sensors, including
ICESat-2 and GEDI, offer detailed information on the vertical distribution of AGB and
can enhance precision in biomass mapping. Future missions, such as NASA’s NISAR
and ESA’s BIOMASS, hold promise for improved SAR and LiDAR data.
Combined sensor optical data and LiDAR provide the most accurate results for AGB
data at the plot level. Using only Landsat 8, the RMSE for AGB was 66%, 50% for
LiDAR, and 49% for a combination of Landsat 8 and LiDAR. This approach facilitates
the establishment of cost-effective monitoring, reporting, and verification (MRV) sys-
tems, enabling effective participation in carbon offset programmes and enhancing the
viability of plot-based carbon projects. By leveraging satellite remote sensing, farmers
and local communities can engage in sustainable land management practices, diver-
sify income streams through carbon credit programs, and contribute to climate change
mitigation.
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Transforming degraded cacao plantations to fruit-rich ’food
forests’ with agroecology in the Peruvian Amazon
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Smallholders of cacao plantations in the Amazonian region of Ucayali, Peru,
are currently facing manifold economic, ecological, and social pressures. Ev-
idence-based studies are required to support the restoration of their land-
scapes whilst meeting their food and market needs. This study aims to com-
prehensively understand smallholders’ needs, challenges, and opportunities
in terms of their production systems, food consumption, and markets.
Through the holistic lens of agroecology, it will provide insights as to how to
best facilitate the transformation of these cacao plantations to biodiverse ‘food
forests’ that integrate underutilized cultivated and forest species. The study
uses a mixed-method approach that combines convergent and exploratory
sequential mixed-method designs to capture the study’s complexity and in-
terdisciplinary nature. The approach consists of three main components:

1. Quantitative profiling of 20 farms by interviewing farmers and collect-
ing geospatial data to provide an inventory of food produced and con-
sumed (food profile).

2. Qualitative interviewswith a subset of 10 farmers using semi-structured
interviews to understand farmers’ perceptions of their current food pro-
file and potential expansion to biodiverse food forests.

3. Qualitative interviews with 5 potential customers or market experts to
identify market opportunities and customer needs using purposive and
snowball sampling.

The data analysis process includes:
• Bringing together qualitative data from farmer and market participant

interviews through content analysis to identify perceptions of agroeco-
logical transformation and species that can support the transition.

• Merging identified species with quantitative data from part 1 using Far-
mDESIGN to generate farm configurations and trade-offs.

• Reflecting upon and evaluating the research results, identifying lessons
learned and gaps for future research.
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Anticipated outcomes involve a clear understanding of the primary needs of
smallholder farmers in Ucayali and the prevailing market dynamics. A key
outcome will be a tailored list of species that best support the transition to
biodiverse food forests, based on the synergy of farmer insights and market
trends.
In practice, the research will advocate for an agroecological transition to im-
prove food and nutrition security. Importantly, this research places farmer
knowledge at the center of the transformation process to ensure that solutions
are both locally relevant and sustainable.

Keywords: Agroecology, agroforestry, amazon, cacao, FarmDESIGN, food
forest, food system transformation, nutrition security, rainforest, sustainable
development
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Flood risk reduction nature-based solutions: potential forest
restoration and agricultural land use in Búzi, Mozambique

YAMILE MARIEL SALAME VILLAFANI, UDO NEHREN, SABINE SCHLÜTER
TH Köln - University of Applied Sciences, Inst. for Technology and Resources Manage-
ment in the Tropics and Subtropics, Germany

Floods are increasing in frequency and severity in several parts of the world,
mainly as a result of the effects of climate change and contextual conditions.
They occur more intensively in the tropics and subtropics, where areas are
mapped as risk zones with high vulnerability. This is the case of the study
area: Mozambique, one of the poorest countries in the region and the world.
Therefore, the application of nature-based solutions (NbS) presents an op-
portunity that can lead to the reduction of the intrinsic risks of floods by util-
ising and harnessing elements, services and processes of ecosystems. This
research’s primary focus is on analysing the potential of the implementation
of the restoration of natural forests and floodplain and riparian woodland
creation, a measure under the concept of NbS, as a way to reduce the risk
of flood disaster in the district of Búzi in Mozambique. Furthermore, from
the total area of the district, bare land and areas with sparse vegetation are
presumed usable. These could contemplate transformation as part of inter-
ventions related to the NbS, including revegetation and providing suitable
agricultural land. The study involves the evaluation of the potential of risk
reduction through the application of on-site semi-structured and expert in-
terviews, the analysis of assessment criteria, the processing of satellite im-
agery and field observation undertaken in various district localities. Results
of this study showed that the restoration and creation of floodplain and ripar-
ian forests present a high potential to reduce the risk of flood disaster in the
Búzi district through a number of provisioned ecosystem services and other
co-benefits. Moreover, an area dedicated to production would expand as an
intervention entailed in the measure. Consequently, an increase in produc-
tion poses economic opportunities in the region, contributing, among other
factors, to overall resilience.

Keywords: Agricultural land, flood risk, forests, nature-based solutions,
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Land-use impacts on biodiversity across spatial scales in a
deforestation hotspot

TOBIAS KUEMMERLE1, ALFREDO ROMERO-MUÑOZ1, JULIETA DECARRE1,
LEANDRO MACCHI2

1Humboldt-Universität zu Berlin, Geography Department, Germany
2Instituto de Ecología Regional, CONICET, Argentina

Tropical deforestation due to agricultural expansion is a major driver of the
global biodiversity crises. Focusing on the understudied tropical dry forests
of the South American Gran Chaco, a global deforestation hotspot, we high-
light how biodiversity data is essential to understanding land-use impacts
on the environment. We focused on larger mammals and birds as focal taxa
and compiled a region-wide database of species’ records from camera trap-
ping (mammals) and point counts (birds). This allowed us to build models
to quantify land-use impacts on biodiversity from local to regional scale and
to identify landscape configurations that maintain biodiversity. Our results
show that the expansion of agribusiness cropping and ranching has stark and
negative impacts on biodiversity. Locally, we find populations of species to
become depleted where land use expands and intensifies. Regionally, many
species have lost major shares of suitable habitat (e.g., on average about 40%
for mammals). Across geographic scales, our analyses highlight the value of
maintaining trees (local scale) and forest cover (landscape to regional scale),
andwefind strong evidence for critical thresholds of about 30–40% tree/forest
cover belowwhich biodiversity meltdown occurs. This suggests a multi-scale
strategy that fosters more biodiversity-friendly forms of agriculture locally
(e.g., silvopastoral ranching systems), combined with landscape-level land-
use planning that maintains larger patches of forest is needed to ensure the
persistence of the Chaco’s biodiversity. Tropical dry woodlands around the
globe are under high and rising pressure. Unfortunately, biodiversity data is
lacking for most of them. Our analyses show how rapid assessments of fo-
cal taxa can help predict biodiversity impact at scale, thus helping to mitigate
biodiversity loss.

Keywords: Biodiversity, Gran Chaco, land-use change, South America,
tropical dry forests and savannahs
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Reconstructing past and predicting future biodiversity in
(sub-) tropical forests by harnessing their archive function

ANJA LINSTÄDTER, MAGNUS DOBLER, LIANA KINDERMANN
University of Potsdam, Inst. of Biochemistry and Biology, Biodiversity Research / Syst.
Botany, Germany

Biodiversity data provides valuable information about species and habitats
that exist in a particular ecosystem. This data helps conservationists to under-
stand the functional relationships between different species and their habitats
and to identify areas that are most in need of protection. Without accurate
biodiversity data, it is thus difficult to make informed decisions about how to
best protect and manage natural resources.
Measuring the status and trends of biodiversity is typically based on the as-
sessment of a current condition relative to a previous condition or baseline.
The ecological context for such an assessment is called a ‘reference state’.
However, a reference state is often challenging to quantify, or may even no
longer be available in a contemporary ecosystem. This is also true for the
woody vegetation in subtropical forests, woodlands and savannahs. Here,
ecosystems are typically shapedby frequent natural disturbances such aswild-
fire and herbivory. In the past decades to centuries, the structure, composi-
tion and diversity of woody vegetation have often been massively altered by
humans - either by direct human impact such as selective logging or by indi-
rect human impact such as changes to the frequency and intensity of natural
disturbances. These novel disturbance regimes may have detrimental conse-
quences for biodiversity and natural resources, which are difficult to quantify
without a proper reference state.
Here we argue that harnessing the archive function of individual trees and
woody plant communities can complement or even replace the reference state
approach. Based on large inventories collected along steep disturbance gra-
dients in southern African savannahs and woodlands, we introduce a new
method specifically designed to quantify disturbance impacts on tree individ-
uals and whole stands. We contrast our results to those gained with a refer-
ence state approach. In a second step, we harness the demographic structure
of woody vegetation to reconstruct temporal biodiversity changes from the
past until today, and to project future changes. Our approach to generating
temporal trends in biodiversity from snapshot data is also useful to inform
conservation policies and management strategies.
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Widespread declines of formerly abundant species drive
insect loss

ROEL VAN KLINK1, DIANA BOWLER2, JONATHAN CHASE1
1German Centre for Integrative Biodiversity Research, Dept. of Biodiversity Synthesis,
Germany

2Centre for Ecology and Hydrology, United Kingdom
Our human lives are intricately entwined with those of insects, as we rely on
them for crop pollination and decomposition, while other insects are among
our most feared crop pests and disease vectors. Yet, we know close to nothing
about the status and trends of most insect species.
But what we do know is reason for concern. Using meta-analytical meth-
ods, we have previously shown that declines of terrestrial insect abundances
are widespread. What remains unclear, however, is whether other aspects
of biodiversity, such as species numbers, evenness and relative abundances,
are also changing. We compiled long-term insect monitoring data to study
global patterns of insect biodiversity change. We found that despite declines
in abundances, there is only a small loss in local species numbers, whereas
evenness is increasing. These contrasting patterns can be explained by dispro-
portionate declines of dominant species and high rates of species replacement
of rare species. The loss of formerly common species can explain declines
in insect abundances. Given the ecological importance of dominant species,
their disproportionate declines have probably already led to the widespread
rewiring of food webs and changes in ecosystem functioning and services.
To do a better job of identifying such alarming levels of biodiversity loss in
the future, we need new, standardised monitoring programs. Fortunately,
technological advances will soon allow us to upscale insect monitoring to un-
precedented levels of taxonomic and spatial coverage. DNA barcoding, com-
puter vision, automated acoustic surveys, lidar and radarmay be drawn upon
to enhance ecological research and monitoring for insect conservation.

Keywords: Biodiversity loss, insects, long-term, monitoring
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Reducing the taxon bias in biodiversity data using robots,
nanopore sequencing, and Ai identification tools for

arthropods
RUDOLF MEIER1, LORENZ WÜHRL2, CHRISTIAN PYLATIUK2

1Museum fuer Naturkunde Berlin, Germany
2Karlsruhe Institute of Technology, Inst. for Automation and Applied Informatics (IAI),
Germany

Biodiversity science neglects hyperdiverse arthropod clades despite their im-
portance with regard to terrestrial biomass, species diversity, and ecosystem
services. In the talk, I will first document that more than half of the flying in-
sect diversity inMalaise trap samples is concentrated in 20 family-level clades
regardless of where the samples were collected. I then demonstrate how lit-
tle we know about most of these arthropods clades by comparing the species
richness in quantitative samples with the number of described species. This
leads to the conclusion that we need new techniques for these taxa. At the
Center for Integrative Biodiversity Discovery of the Natural History Museum
in Berlin we have collaborated with colleagues from the Karlsruhe Institute of
Technology to develop a robot (‘DiversityScanner’) for tackling abundance
and efficient DNA barcoding techniques for tackling species richness. The
DiversityScanner detects, images, and measures individual specimens before
they are placed into microplates for barcoding with rapid and cost-effective
techniques involvingNanopore sequencers. After assigning images to species
based on DNA barcodes, we can start to train Convolutional neural networks
(CNNs) for all taxa with more than 100 images. The goal is delivering AI
tools for large numbers of common species so that they become identifiable
for everyone based on images. The power of the approach will be discussed
for a few examples from tropical and non-tropical environments. One goal
is to dramatically increase the number of species that can be described and
make all the new species identifiable via a range of different techniques.

Keywords: Biodiversity
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Invertebrate-derived dna (iDNA) as a source for vertebrate
biodiversity and disease monitoring

CAMILA MAZZONI
Leibniz Institute for Zoo and Wildlife Research, Evolutionary Genetics, Germany

The use of invertebrates as a source of vertebrate DNA (iDNA) has emerged
as a powerful tool for monitoring biodiversity. iDNA can be used to gen-
erate barcodes that identify local fauna, and various invertebrates such as
hematophagous, saprophagous, and coprophagous species can provide ver-
tebrate material. Mosquitoes and carrion flies are among the most ubiquitous
taxa and are easily found in different environments and climates. In this pre-
sentation, I will share results from several studies that explore the potential of
iDNA in ecological and evolutionary studies involving vertebrate species and
populations. These include 1) a comparison between mosquitoes and car-
rion flies in detecting vertebrate fauna in a semi-urban environment, where
the the use of flies in the detection of wildlife in a suburban environment
showed to be more effective in terms of collection of samples and detection
of vertebrates, 2) the analysis of fly diversity across a gradient of urbanisa-
tion, where the abundance of flies was shown to decline with urbanisation,
although several species remained highly abundant across the urban gradi-
ent, 3) the analysis of vertebrate DNA carried by flies in urban, rural, and for-
est areas, which detected themammal assemblage in forest or rural habitats to
be dominated by non-domestic animals while the urbanised environment is
characterised mainly by human and domestic animals, and 4) the assembly
of mitochondrial genomes of different vertebrate species from invertebrate
sources such as leeches and flies using taxon-specific DNA capture. In this
study, sixty percent of the iDNA extracts allowed for the recovery of (near)
completemammalianmitochondrial genomes that could be used for phyloge-
nomic analyses. Looking ahead, future perspectives include the possibility of
using iDNA to associate host-vector and host-carrier for diseases that cross
species boundaries.
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Contact Address: Camila Mazzoni, Leibniz Institute for Zoo and Wildlife Research,
Evolutionary Genetics, Alfre-Kowalke-Strasse 17, 10315 Berlin, Germany, e-mail:
mazzoni@izw-berlin.de

348 ID 407



Biodiversity data as key to conservation of natural resources — Oral Presentations

An insect-based biodiversity metric for agroecological
systems in Africa

TOBIAS LANDMANN, FAITH ASHIONO, HENRI E.Z. TONNANG
International Centre of Insect Physiology and Ecology (icipe), Kenya

Land degradation, pesticides and monoculture within agro-ecological sys-
tems can adversely affect insect biodiversity and result in insect pollinator
species declines. As over 50% of crops in Africa, specifically, are pollinator
dependent, losses in pollinator abundance can negatively affect crop yields
and food security. Moreover, the post-2000 Global Biodiversity Conservation
(GBC) Framework of the UN requires countries to report on targets that in-
clude species or ecosystem-specific biodiversity status information. The GBC
and other political frameworks require that localised biodiversity patterns
are considered and the establishment of biodiversity status baselines. In this
work, an easy to implement and spatial explicit (localised) insect biodiversity
baselinemetrics is introduced. Themetric relies on readily available earth ob-
servation (EO) data and insect species data, collated from citizen science plat-
forms, such as the iNaturalist. Butterflies, moths, and rove beetle species data
were used as these groupings represent indicator species for overall ecosys-
tem intactness. Specifically, the EO data was used together with the insect
species data to predict species richness. Secondly, high resolution (10-meter
resolution) EO data is used to heuristically predict the degree of per pixel
human impact, or landscape naturalness. The two variables (species rich-
ness and naturalness) were then augmented to produce (beta-) biodiversity
status estimates over wider areas in Africa. We found that data density of
the occurrence data is a key limitation to scaling the method to the whole of
Africa, thus only 6% of the total surface area in Africa could be modelled.
Localised results for Kakamega in Kenya and the St. Lucia region in South
Africa were highlighted and discussed. In both areas, natural forests, gallery
forests and wetlands, within highly transformed agro-ecological landscapes,
exhibited the highest biodiversity status. This underlines the roles of these
ecosystems as maintainers of biodiversity and important habitats for polli-
nators that help to sustain crop yields. The developed metric is applicable
now and amendable once more insect data becomes available (from citizen
science). The model we used is straightforward (well understood) and accu-
rate, thus easy to understand and utilise by policy makers.

Keywords: Africa, biodiversity indicator, citizen science, insects, remote
sensing
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Invasive alien species invading our health in Kenya
TASNEEM OSMAN1, ERIC FÈVRE2, CHRISTIAN BORGEMEISTER1

1University of Bonn, Center for Development Research (ZEF), Germany
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Invasive alien plant species threaten the integrity of ecosystems throughout
the world. They affect not only the species diversity of native ecosystems but
also threaten their biological integrity. Due to the increase in the movement
of people and goods around the world and with new trade routes opening
and enhanced transportation, the number of species being introduced into
new areas is rising. Currently, the spread of invasive plant species is a major
problem in Kenya, where the replacement of indigenous flora. They reduce
agricultural yields, irrigated croplands, grazing areas, water availability, and
contribute to the spread of vector-borne diseases.
Aparticular example of invasive plant isPartheniumhysterophorus (Asteraceae).
Native to the subtropics and tropics of North and South America, the weed
has negative effects on human, livestock, agriculture and the environment.
The study notes that the weed is one of the world’s most serious invasive
plants that are able to thrive and spread aggressively outside its original geo-
graphical areas.
The aim of this study is to determine the abundance and diversity ofmosquito
vectors at sites with different degrees of invasive plant infestations in the Rift
valley area in Kenya. The study sites are located in Baringo county, which
lies between latitudes 0° 12 and 1° 36 N and longitudes 35° 36 and 36° 30
E. Mosquitoes were captured using a combination of different trapping tech-
niques from six sites three of themwith Invasive species; Parthenium and three
without Parthenium. 48 species were identified. The survey was conducted
to assess mosquito abundance and diversity in selected areas, which might
provide beneficial knowledge for targeted control.
The findings of the studywill be expected to have an inventory of themosquito
population composition and of the abundance and richness of arboviruses.
Further gain insight into how changes in community ecology interact with
the main types of land-use change and influence the dynamics of relevant
arboviruses in Kenya.

Keywords: Agricultural expansion, agricultural intensification, arboviral dis-
ease vectors, invasive plants, land-use changes, mosquito ecology, Parthenium
hysterophorus, pathogen transmission
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Efficacy of two anthelmintics against gastrointestinal
nematodes of sheep in the silvopastoral zone of Senegal, Mali

and Burkina Faso
MAMADOU COULIBALY1, AMINATA BEYE2, LINDA CLETCHIO GABRIELLA TRAORÉ3,
REGINA ROEßLER4, HAWA COULIBALY1, DRISSA COULIBALY1, TAMSIR MBAYE5,
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Gastrointestinal nematodes (GIN) are a major impediment to sheep health
and productivity. Frequent use and under dosing of chemical anthelmintics
(AH) have led to the development of GIN populations which are resistant to
these drugs in many parts of the world. In West Africa, the importance of
GIN infections in sheep is poorly documented and the potential problem of
AH resistance is neglected.
We therefore conducted an on-farm study to determine the efficacy of two
AH (Albendazole and Ivermectine) that are frequently used in Mali, Burk-
ina Faso and Senegal, the focal countries of the EU-funded project SustainSa-
hel. Sheep carrying natural GIN infections were selected from another study
on GIN prevalence and infestation intensity. In each country, 24 male sheep
with a minimum faecal egg count of 500 eggs per gram were selected for the
efficacy study. Sheep were randomly allocated to 3 treatment groups of 8 an-
imals: Ivomec® (Ivermectin), Valbazen® (Albendazole), and Control (with-
out treatment). AHdoseswere administered according to themanufacturers’
instructions afterweighing the animals, namely Valbazen (oral) at 7.5mgkg-1

body weight, Ivomec (subcutaneous) at 0.2mgkg-1 body weight. The faecal

Contact Address: Mamadou Coulibaly, Inst. Polytechnique Rurale / de Formation et de
Recherche Appliquée (IPR/IFRA) /Institut d’Economie Rurale, Breeding Science and Tech-
nology / Cattle Program, Bamako, Mali, e-mail: coulma76@yahoo.fr
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egg count reduction test (FECRT), as recommended by World Association
for the Advancement of Veterinary Parasitology, was used to determine an-
thelmintic efficacy. For Ivomec®, FECR were 97%, 95% confidence interval
(CI) (89%-100%); 97%, CI (93%-99%) and 56%, CI (24%-76%) in Burkina
Faso, Mali and Senegal, respectively. These results point to AH resistance
of GIN to Ivermectin in Burkina Faso and confirm resistance to this drug in
Senegal. In Mali, however, ivermectin did not show reduced efficacy. For Val-
bazen®, FECR were 99%, 95% CI (96%-100%); 100%, CI (99%-100%) and
75%, CI (43%-90%) in Burkina Faso, Mali and Senegal, respectively. This
corresponds to full efficacy of Albendazol in Mali and Burkina Faso and AH
resistance in Senegal.
We conclude that GIN resistance to both anthelmintics is present in the study
region. The use of alternative treatment options, such as by secondary plant
metabolites, could be a future control option to reduce the progress of resis-
tance towards allopathic anthelmintics.

Keywords: Anthelmintic efficacy, faecal egg count reduction test, gastroin-
testinal nematodes, West Africa.
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Yellow mealworm as a protein alternative for lactating
rabbit does

TOLULOPE AREMU1, ZDENEK VOLEK2, TERSIA NEEDHAM1
1Czech University of Life Sciences Prague, Fac. of Tropical AgriScience, Dept. of Animal
Sciences and Food Processing, Czech Republic

2Inst. of Animal Science, Dept. of Nutritional Physiology and Animal Product Quality,
Czech Republic

Insects as a sustainable alternative protein source for human food and ani-
mal feed has received much attention of late, with benefits cited including
their prolificacy, high feed conversion of typically waste materials, low land
requirements etc. During period of high nutritional demand, such as lacta-
tion, good quality feedstuffs are necessary for livestock. Hence, this study
determined the effect of the substitution of soybean meal with yellow meal-
worm (Tenebriomolitor)meal on themilk yield of lactating rabbits. A total of
24 individually housed Hyplus rabbit does were divided into two treatment
groups fed pelleted diets of either typical soybean-based diet (SBM; n = 13)
or a 10% inclusion rate of insect yellow mealworm meal (IM; n = 11) during
a lactation period of 32 days. Diets were formulated for the same nutritional
composition. Does were balanced through the initial experimental design for
parturition number and litter sizes at birth were corrected to 10 kits per doe
utilising cross-fostering. Data were analysed using the VEPAC procedure in
Statistica. Diet (SBM vs. IM) and day of lactation were included as fixed ef-
fects and animal nested in treatment was included as a random effect. Weight
on the day of parturition (after parturition) was included as a covariate. Data
was tested, and confirmed, for normality. The level of significance used was
𝑝 < 0.05 throughout. No significant differences were found for the interac-
tion for diet and days of lactation for milk yield (𝑝 = 0.990). The main effect
of diet did not influence the milk yield (𝑝 = 0.775). The main effect of day of
lactation was significant (𝑝 < 0.0001), showing a rapid increase in milk pro-
duction until day 13 of the experiment, where after it plateaued, and started
to decrease from day 19 of the experiment. In conclusion, the IM diet was
equally as effective as the SBM in supporting milk production in rabbit does.

Keywords: Hyplus, insect yellow mealworm meal, lactating rabbits, milk
yield

Contact Address: Tolulope Aremu, Czech University of Life Sciences Prague, Fac. of Tropical
AgriScience, Dept. of Animal Sciences and Food Processing, 16500 Praha 06, Czech Republic,
e-mail: aremu@ftz.czu.cz

360 ID 628



The role of livestock production systems in food systems… — Oral Presentations

Redefining frameworks for animal welfare, ethics, and
trade-offs in non-conventional livestock species production:

The case of Cameroon
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Non-conventional livestock species includingGiantAfricanLand snails, Cavies,
Grasscutters, and Guinea fowls contribute to a steadily rising percentage of
West-Central Africa’s population’s diet. Despite their importance, their con-
sumption is not uncritical from a sustainability and ethics perspective. Scanty
empirical evidence exists regarding trade-offs in their value-chain, risks like
zoonosis in their consumption as well as animal welfare issues. Poor under-
standing of animal husbandry practices for these species further raises con-
cerns about animal welfare and ethics. Given these knowledge and discourse
gaps, a multi-stakeholder symposium was held at the University of Dschang,
Cameroon which connected leading experts on non-conventional livestock
species. The aim was to create a forum for stakeholders to exchange knowl-
edge and discuss research gaps in relation to developing a framework for
sustainable production of non-convectional livestock species. A World Café
approach was used to facilitate these discussions with 35 multidisciplinary
participants from academia, policy makers, farmers and students. Insights
on the contribution of the non-conventional livestock species to biodiversity
and sustainable conflict-resilient food systems were discussed. For example,
the Giant African Land snail are mostly obtained from the wild with implica-
tions for upholding the integrity of future wild populations. A three-pronged
approach was proposed. Firstly, the need to understand local contexts to sup-
port and/or establish compatible and workable principles of animal welfare
and ethics (local - micro). Secondly, the need for implementation, enforce-
ment and revision of already existing policies and institutions guiding the
production of non-conventional livestock species (national – macro). Thirdly,
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promoting the role of academia to address research gaps and strengthen col-
laborationwith extension (and other) agencies to disseminate knowledge and
minimise the gap between researchers and farmers (intermediary – data).
The outcomes described in this study begin to highlight the importance of cre-
ating an enabling framework which minimises the trade-offs and risks of dis-
ease infection; promotes better animal welfare practices for improved quality
of products and responds to the needs for non-conventional livestock species
(to be renamed)without undermining ethical principles that support sustain-
able development.

Keywords: Cameroon, emerging systems, ethics, food insecurity, non-
conventional livestock, welfare
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Assessing the feasibility of applying the welfare quality®

assessment protocol for dairy cows on farms in
Kiruhura District, Uganda

PAUL SSUNA
Animal Welfare Competence Center for Africa, Animal Welfare, Uganda

Welfare Quality® assessment protocols have been used extensively in Europe
to assess welfare of livestock for research or policy objectives, however, their
applicability to production systems in Uganda has not been examined. The
aim of this research was to assess the feasibility of applying the welfare qual-
ity® assessment protocol (designed for production systems in the European
Union) for dairy cows on extensive farms in Kiruhura District, Uganda. In
this study, the protocol was tested on 24 dairy farms (herd sizes ranged from
15 to 125 cows) randomly selected from 6 sub counties in Kiruhura district
over two visits. The first visit was early in the morning (6:30 am) during
milking and another in the afternoon (2:00 pm) during grazing. Each of the
assessments lasted for about an hour. The visit in the morning included a
questionnaire-guided interview to evaluate the care, management and health,
and animal welfare attributes of the cowswhen they were still in the ban. The
second visit in the afternoon assessed farm resources, stockman ship and en-
vironment in which the cows graze. Overall, 1256 cows were assessed and
24 farm managers interviewed. The assessment captured measures to be re-
tained without modification (for example assessing absence of hunger by us-
ing rumen fill score or body condition score), measures retained with slight
modification (for example when assessing absence of prolonged thirst, the
method of assessment was modified from ‘How far animals must walk to ac-
cess water?’ to ‘Does the farm have a watering point?’) and eliminating un-
suitable measures (for example assessing baulking, running and stumbling
could not be assessed because animals move in large open spaces). The study
showed that not all measures are feasible for on-farm assessment among ex-
tensive dairy farms in Kiruhura, district, Uganda as only 27 measures were
found practical. Therefore, adaptation of existing protocols and setting of ac-
ceptable and non-acceptable thresholds tailored to local production systems
for each of the identified measures are necessary to enhance adoption of the
existing protocol.

Keywords: Extensive dairy production systems, feasibility, Uganda, welfare
quality assessment protocol
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Co-integrated panel models to estimate relationships between
cattle and greenhouse gas emissions for Latin America
DANNY FERNANDO SANDOVAL, JOHN JAIRO JUNCA PAREDES, KAREN ENCISO,

MANUEL DÍAZ, AURA BRAVO, STEFAN BURKART
The Alliance of Bioversity International and CIAT, Trop. Forages Program, Colombia

The cattle sector is key to the economy of several Latin American countries, however,
it strongly contributes to environmental degradation through the emission of green-
house gases and deforestation, among others. The objective of this study is to analyse
the long- and short-term relationships of variables such as population growth, expan-
sion of pastureland, and deforestation with cattle greenhouse gas emissions and beef
and dairy production for 15 Latin American countries. Using information consoli-
dated by FAOSTAT for the period between 1990–2019, a cointegrated panel method
(Pooled Median Group) was applied, with which six specifications were estimated.
The main results show that, in the long-term, a population growth of 1% decreases
methane emissions derived from manure management in beef production by 1.41%
and increases those derived from enteric fermentation by 0.97%. Likewise, a 1% ex-
pansion of pastureland increases methane emissions from manure management by
2.66% and decreases those related to enteric fermentation by 2.15%. The results in-
dicate that at the aggregate level for the region there is evidence of stable long-term
relations. This means that the effects population growth, the expansion of pasture-
land, and deforestation have on greenhouse gas emissions from cattle production tend
to decrease over time. This long-term behaviour may be marked by those countries
that have a more developed cattle sector, aimed at reducing the impacts of cattle pro-
duction on the environment, for example, by supporting the adoption of improved
forage technologies, silvo-pastoral systems, grazing management practices, and regu-
latory frameworks and incentives. The cattle sector of these countries can be used as
a regional benchmark and its lessons learned as inputs for sustainable intensification
processes in countries with a developing cattle sector.

Keywords: Cattle, co-integration, deforestation, greenhouse gas emissions, pooled
median group, sustainability

Contact Address: Stefan Burkart, International Center for Tropical Agriculture (CIAT),
Trop. Forages Program, km 17 recta Cali-Palmira, 763537 Cali, Colombia, e-mail:
s.burkart@cgiar.org

364 ID 143



The role of livestock production systems in food systems transformation — Posters

Investigation on in vitro nutritive values and in vitro
methane production of different tree legume forages
available in the campus of the university of veterinary

science, Yezin, Myanmar
AUNG AUNG, ULRICH KUCH

Goethe University, Frankfurt, Institute of Social Medicine, Occupational Medicine and
Environmental Medicine, Germany

By feeding on feedstuffs that cannot be used for monogastrics and human be-
ings, ruminants can convert such plant matter to meat, milk, hide, etc. The
major feed for ruminants in tropical developing countries is roughages with
low quality nutritive values. Tomeet the requirement of the animals, it is nec-
essary to improve the nutritive values of roughages by various methods such
as physical treatment, chemical treatments and supplementation with con-
centrates. Protein rich tree legumes are alternative supplements to replace
for concentrates. Nowadays, climate smart livestock systems are an impor-
tant issue, because ruminants emit methane from enteric fermentation. It is
noticeable not only on in vitro methane production, but also on in vitro nu-
tritive values as important information for the mitigation of methane emis-
sion from ruminants. We thus conducted an experiment with the aim to in-
vestigate the in vitro nutritive values and in vitro methane production of tree
legume forages collected from the campus of the University of Veterinary Sci-
ence in Yezin, Myanmar. Forages of four tree legumes, Albezia saman, Albizia
procera, Leucaena leucocephala andGliricidia sepiumwere amassed for use as ex-
perimental feedstuffs in a completely randomised designwith four replicates.
TheHohenheimer Futtermittel-Testwas applied for in vitromethanemeasure-
ment and in vitro nutritive values. Of these feedstuffs, Leucaena leaves had the
highest dry matter digestibility, organic matter digestibility, dry matter in-
take andmetabolisable energy all significantly higher than those of the others
(𝑝 < 0.05). In the aspect of total gas at 24 hours incubation time, Leucaena and
Gliricidia had significantly higher amounts than the rest of the feedstuffswhile
no significant difference in methane concentration was observed. According
to these findings, Leucaena gave more satisfactory results than others because
it had higher in vitro nutritive values and the same amount of methane con-
centration compared with the other tree legume forages.

Keywords: In vitro, in vivo, methane, tree foliages
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Use of trees and shrub by farmers to control gastrointestinal
nematodes (GIN) in extensive livestock production systems

of West Africa
AMINATA BEYE1, LINDA CLETCHIO GABRIELLA TRAORÉ2, MAMADOU COULIBALY3,
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Traditional veterinary practices have taken a back seat to modern veterinary
medicine in livestock health management in Africa. However, the latter is not
able to cope with all health problems on livestock farms, especially in rural
areas where access to quality veterinary drugs and services is not available.
Adding to this is the low purchasing power of livestock farmers. They are
forced to resort to traditional practices to treat their animals in case of dis-
ease, which is especially true for gastrointestinal nematodes (GIN) in small
ruminants.
This study aimed to identify, with the herders, the local woody plant species
usually used to treat parasitic infections of small ruminants in West Africa.
Indeed, in traditional medicine, woody species represent about 65% of the
most important African medicinal plants. An ethno-botanical survey based
on semi-structured interviews was conducted with 370 herders and agro-
pastoralists in Senegal, Mali and Burkina Faso between June and July 2021.
More than 60% of the respondents stated that the use of tree-based reme-
dies has a positive impact on animal health. Out of 81 herders surveyed in
Senegal, 42.0% used woody plants for animal health treatment. In Burkina
Faso, 28.7% out of 159 farmers used ligneous plants to treat their animals

Contact Address: Aminata Beye, Cheikh Anta DIOP University, Senegalese Inst. of
Agricultural Research, Dept. of Plant Biology (FST/UCAD), Dakar, Senegal, e-mail:
aminabeye45@gmail.com

366 ID 539



The role of livestock production systems in food systems transformation — Posters

against gastrointestinal strongyles. In Mali, 16.4% out of 130 farmers used
parts of trees to treat small ruminants against GIN. Across the three countries,
20 woody species belonging to 10 botanical families were identified as being
regularly used to treat GIN. Khaya senegalensis, Azadirachta indica and Faidher-
bia albidawere the most commonly cited species, and at family level Fabaceae
(67%) dominated beforeMeliaceae (17%) and Combretaceae (17%). Leaves
(50%), pods (33%) and bark (17%) were the organs mainly used to produce
herbal anthelmintics. The cross-country comparison of results revealed that,
although farmers have a good knowledge of effective plant-based GIN con-
trol, preparation formulae and application doses are often variable and only
mastered by a fewusers. In viewof smallholders’ reliance on herbalmedicine,
more effort should be devoted to tap the potential of woody plants as alter-
native remedies for the treatment of GIN in sheep and goats.

Keywords: Gastrointestinal nematodes, small ruminants,WestAfrica, woody
plant species
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Transforming beef farming systems: advances in grazing
management for sustainable production

RICARDO GONZALEZ QUINTERO1, LILIANA ATENCIO SOLANO2, EMIRO SUÁREZ
PATERNINA2, JORGE MEJÍA LUQUEZ2, JESÚS FERNANDO FLOREZ3, STEFAN BURKART4,

JACOBO ARANGO4
1The Alliance of Bioversity International and CIAT, Trop. Forages Program, Kenya
2Corporacion Colombiana de Investigacion Agropecuaria (AGROSAVIA), Colombia
3The Alliance of Bioversity International and CIAT, Trop. Forages Program, Colombia

This study analyses the impact of high-quality nutritional grasses in feeding on beef
cattle in farms from Córdoba Department, Colombia. The low productivity and high
environmental impact associated with beef farming in the region make it necessary
to implement sustainable intensification strategies that increase animal yield and mit-
igate climate change. The study uses the life cycle assessment (LCA) methodology
to estimate the carbon footprint (CF) of 20 beef fattening farms in Cordoba Depart-
ment, estimates the economic valuation of the CF, and identifies the potential beef
yield improvements and GHGEmitigation in farms that have implemented high-yield
improved pastures. TheCFwas calculated in a cradle-to-farmgate perspective. GHGE
were estimated by applying the 2019 Refinement to 2006 IPCC guidelines. One kg live
weight gain (LWG) corresponded to the functional unit. No allocation was made as
the only product leaving the farm was live animals. The market price method was
applied for the economic valuation of CF. The results of the study show that the 25%
of farms with the lowest CF (varying from 9.2 and 12.1 kgCO2-eq kgLWG−1) have
an average live weight gain (LWG) of 349.2 kg AU−1yr−1, and their CF is valued at
US$0.32. All the farm areas correspond to high-yield improved pastures, and good
cattle and pasture management practices are implemented. On the other hand, the
remaining 75% of farms have a CF between 13.5 and 43.4 kgCO2-eq kgLWG−1, a meat
yield of 210 kg LWGAU−1yr−1, less than 50% of farm area dedicated to improved pas-
tures, poor cattle andpasturemanagement practices, and their CF is valued atUS$0.64.
The study highlights the importance of a nutritious cattle diet, through the adoption
of high-yield improved pastures, and good managing practices in improving animal
productivity, environmental performance, and economic valuation of the CF of beef
cattle systems. The findings provide insights into possible technological and manage-
rial changes for transforming beef cattle systems in Colombia by enhancing animal
productivity and mitigating GHGE. In conclusion, the adoption of high productivity
and quality nutritional grasses in beef cattle feeding can be a sustainable strategy to
enhance yields while mitigating GHGE.

Keywords: Carbon footprint, economic assessments, greenhouse gas emissions, life
cycle assessment, mitigation actions
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Prevalence and intensity of gastrointestinal nematode
infection in small ruminants in three West African countries
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This study was carried out to provide missing information on the prevalence
and intensity of gastrointestinal nematode (GIN) infections of small rumi-
nants in three West African countries. The use of communal grazing areas
in these countries favours the spread of GIN infections across small rumi-
nants and may reduce production performances and herders’ income. Faecal
samples of 1,235 small ruminants were collected in Burkina Faso, Mali and
Senegal in late dry (May), rainy (August) and early dry (November) season
of 2022. Individual Faecal Egg Counts (FEC) were performed by a modified
McMaster technique. Animals were selected in several villages according to
the following parameters: species (sheep, goats), age (young: 6–12 months,
adult: >12 months) and sex (male, female). The Kruskal-Wallis test was ap-
plied to assess the influence of these parameters on FEC intensity, expressed
as eggs per gram of faeces (EPG). The overall prevalence of GIN was 70.8%,
82.6% and 66.8% in Burkina Faso, Mali and Senegal, respectively. In all coun-
tries, the rainy season corresponded to the highest infection period. Themean
± standard deviation of EPG across all countries was 230 ±350, 1,023 ±1,176
and 424 ±352 for late dry, rainy and early dry season. Infection intensity was
higher in young than in adult animals, and in male than in female animals
in the rainy season, whereas no differences could be observed between these
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groups in the late dry season. Similarly, there was no significant difference in
the mean EPG between sheep and goats late dry season. The results indicate
that better monitoring and control of GIN infections are necessary during the
rainy season and especially in young and male sheep and goats. For further
study it would also be interesting to learn more about anthelmintic resistance
in GIN and non-allopathic control options.

Keywords: Faecal egg counts (FEC), gastrointestinal nematodes, prevalence,
small ruminants, West Africa
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Surveillance of climate-sensitive zoonotic diseases:
Leptospirosis at livestock slaughterhouses in three regions of
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Leptospirosis is an important bacterial zoonosis worldwide and is dispro-
portionately associated with low-income settings and with extreme weather
events due to climate change. Transmission to humans often occurs when in-
fected rodents and domestic animals contaminate the environment via urine
as the bacteria preferentially colonise kidneys. Surveillance of leptospirosis
at slaughterhouses can therefore be useful in providing information on vast
areas of a country and screening for diseases that are not considered during
animal inspections.
We determined the prevalence of Leptospira bacteria in the kidneys of 2,030
livestock kidney samples (820 cattle, 761 pigs, 335 goats, 114 sheep), and
117 small mammals by real-time PCR in a cross-sectional survey of slaugh-
ter facilities in three regions in Uganda. We extracted DNA and performed
real-time polymerase chain reaction (PCR) tests targeting the lipL32 gene for
pathogenic leptospires. Positive samples with cycle threshold values below
38 were further characterised using single locus sequence typing (SLST) to
determine likely genomospecies. PCR products were sequenced by Eurofins
Genomics (Ebersberg, Germany) and identification of genomospecies was
done using the basic local alignment search tool (BLAST). Multi-locus se-
quencing typing (MLST) was performed on selected SLST-positive samples
to determine sequence types (ST) and likely serogroups. The allelic profiles
were analysed using Bionumerics software and the sequence types were de-
termined using the PubMLST database.
An overall prevalence of pathogenic leptospires of 2.58% (95% confidence
intervals [CI]: 1.89–3.42) was observed, with sheep having the highest preva-
lence (6.12% CI: 2.69–12.89), followed by cattle (4.25%, 95% CI: 2.91–5.98),
goats (2.08%, 95% CI=0.91–4.38), and pigs (0.46%, 95% CI = 0.12–1.31) in
decreasing order. The genomospecies L. borgpetersenii (11 in cattle and one in
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goat), L. kirschneri (five in cattle and four in sheep) and L. interrogans (one in
a pig) were determined. Preliminary MLST results on one sample reveal L.
kirschneri ST62 which is related to serogroup Grippotyphosa.
Surveillance of important zoonoses using slaughterhouses as sentinels has
the potential to offer essential information on the epidemiology of important
zoonotic diseases in Uganda.

Keywords: Climate sensitive diseases, disease surveillance, slaughterhouse
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Sustainable feed and forage options for livestock
development in Uzbekistan

REIN VAN DER HOEK
The Alliance of Bioversity International and CIAT, West Africa, Senegal

In Uzbekistan, livestock production accounts for 40% of agricultural output.
Since independence, areas plantedwith forage and feed crops have decreased
by 70%, whereas the cattle population has increased by 150%, leading to a
sharp increase in GHG emissions (mainly methane through enteric fermen-
tation). Inadequate management practices, aggravated by climate change,
have led to salinisation and pasture degradation.
Private farms account for over three-fourths of the total area dedicated to feed
production. Small Dehkan farms account for only 13 percent of the forage
area with almost 95% of the cattle herd and rely on low-quality communal
pastures and (purchased) crop and agro-industrial by-products.
For both farm types the environmental impacts and climate change mitiga-
tion potential of improved feed and forages were analysed using an ex-ante
assessment tool (CLEANED) for two scenarios: the current situation “Busi-
ness as Usual” (BAU) and a scenario with feed and forage options including
silvopastoral systemswith drought resistant and salt-tolerant legume shrubs/
trees, high-quality agro-industrial by-products such as cotton seed cake and
on-farm forage production (legumes and cereal crops).
Improved feed and forage options reduce environmental and climate impacts,
decrease land, water and fertiliser requirements and increase biodiversity and
resilience to climate change and weather shocks. GHG emissions fall by 15%,
whereas productivity increases by 20% and profitability by 25%.
Within a conducive policy framework, investments should be aimed at knowl-
edge generation, institutional strengthening andovercoming barriers for adop-
tion of feed/forage options and scale sustainable livestock production tech-
nologies and practices. Improved farmer access to tools, training (forage pro-
duction, formulation of rations), technologies, markets, veterinary care and
breeding is crucial. Interventions need to be complemented with research on
livestock management and productivity increase, and economically feasible
options need to be further identified for improving feeding practices.

Keywords: CLEANED tool, environmental impacts, improved feed and
forage options, livestock production, Uzbekistan
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Development of a fluorescent RBL reporter system for
diagnosis of porcine cysticercosis
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Porcine cysticercosis (PCC) is a World Organisation for Animal Health listed notifi-
able disease in pig, caused by the larval stage of Taenia solium. Pigs get infected by
ingesting human stool or water/vegetation contaminated with Taenia solium eggs. The
disease is endemic in Latin America, sub-Saharan Africa, as well as South and South
East Asia. PCC hampers food security and affects livelihoods of pig farmers resulting
in reduced pork value and economic loss, especially in developing countries. Available
serological diagnostic tests based on IgG detection are characterised by low specificity.
This study aims to assess suitability of detecting parasite-specific Immunoglobulin E
(IgE) using IgE based reporter cell lines. Our objectives are to create a reporter cell
line that is able to bind pig IgE and to identify, clone, and recombinantly express can-
didate T. solium allergens, which will be assessed for their suitability as ‘diagnostic
allergens’ for diagnosis of PCC.We cloned a synthetic pig high affinity IgE receptor al-
pha chain (Ss-FCER1A) into a plasmid vector (pcDNA5). After ligation and bacterial
transformation, we transfected our target transformant (Ss-FCER1 A/pcDNA5) into Rat
basophilic leukemia (RBL) cells stably transfected with neuropeptide Y monomeric
red fluorescent protein (NPY-mRFP) and developed a chimeric pig/rat ‘porcinised’
reporter system (RBL NPY-mRFP Ss-FCER1A). The developed cell lines were then
continuously sub cultured for selection of stable transfectants. Five diagnosticT. solium
oncospheral allergens (Q9NI46, Q2XNL7, K0A0S9, E5LBB8, W8P1J2) were identified
through employing several immunological and bioinformatic techniques aiming to
identify IgE-immunoreactive antigens. These coding sequences for the selected al-
lergens were then cloned into pTT expression vectors and subsequently transformed
into bacteria cells for plasmid amplification. We are currently attempting recombinant
expression of those cloned products in HEK293–6E cells grown in suspension. Once
the expressed IgE immunoreactive antigens have been purified, we will assess their
suitability as diagnostic antigens using our reporter system. This study is expected to
enable development of a novel IgE- based serological diagnosis of PCC, which will be
helpful for reliable identification of T. solium infection in endemic countries.

Keywords: Allergens, diagnosis, IgE, NPY-mRFP, porcine cysticercosis, RBL, reporter
system, Taenia solium
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Phenotypic diversity and local adaptation of Sahelian goat
populations in Niger
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Rapidpopulation growth, climate change, anddesertification continue to con-
tribute to increasing pressure on populations of small ruminants in the West
African Sahel. The most vulnerable breeds may be seriously threatened, call-
ing for stepping up conservation efforts for well-adapted populations. Goats
are essential for ensuring food security and resilient transformation of food
systems in the region. As a first step in the planning of conservation efforts
for goats in Niger, we phenotypically characterised Sahelian goat populations
in oasis systems in northern Niger (O) and from contrasting systems in the
northern and southern Niger (OT).We hypothesised that communities in oa-
sis systems intentionally selected goats for high capability to survive under
extreme environmental conditions and that all goats constitute distinct pop-
ulations within the Sahelian goat breed. To test this hypothesis a total of 197
goats were characterised for body coat pattern and colour, hair type, ear ori-
entation and absence/ presence of horns, wattles, and beard. Phenotypic fre-
quencies were computed by direct count and phenotypes were classified into
typical (occurrence ≥ 50% of all goats), intermediate (occurrence 11–49%),
and unusual (occurrence ≤ 10%). The allele frequency of the recessive allele
was calculated for the horned, wattled, and bearded locus using the Hardy-
Weinberg equilibrium. Observed allele frequencies were tested against their
expectedMendelian allele frequencies using X2 tests. The data show that typ-
ical phenotypes of goats in Niger are horns (98.5%), short body hair (96.6%),
long pendulous ears (60.0%), and absence of both beard (60.4%) andwattles
(58.7%). Unbearded goats tended to be more common in OT than in O. Sim-
ilarly, spotted body coat was less frequent in O goats, while fawn and black
goats and goats with long hair were more common in O. The dominant alle-
les for horns, wattles and beard were found to segregate at lower frequencies
than expected, except for beard in female goats in OT. Research on the genetic
differentiation between highly fragmented goat populations within the coun-
try is ongoing to confirm that goats in the oasis systems in northern Niger
represent distinct populations within the local Sahelian goat breed.
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Towards more efficient and sustainable production in
Egyptian buffalo: The clue lies in the genome
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The biodiversity and food security nexus is critical to ensure sustainable food produc-
tion. Local livestock breeds, such as the Egyptian buffalo, play a vital role in providing
animal protein to the local community. However, the potential of this species is of-
ten underestimated and underutilised due to the lack of national recording systems
and insufficient pedigree information, which pose significant challenges for traditional
breeding schemes. In addition, uncontrolled insemination with imported semen be-
side the current economic crisis, which led to a significant reduction in the number
of Egyptian buffalo by 60% in the last five years, put the genetic diversity and poten-
tial of this breed at risk. To address these challenges, we integrated genomic infor-
mation into breeding evaluations for the first time in Egyptian buffalo. By genotyp-
ing hundreds of animals, we evaluated their production potential and established a
basic population for more accurate prediction of economically important traits, e.g.
milk production and composition. Our results demonstrated more reliable estimation
of genetic parameters from a population with small size using a single-step genomic
evaluation. The identified genomic regions harbor promising candidate geneswith bi-
ological roles associated with milk production traits, e.g. POU2F1 on chromosome 6;
TPD52, ZBTB10, RALYL and SNX16 on chromosome 15, ADGRD1 on chromosome 17,
ESRRGon chromosome 5 andGRIP1 on chromosome 4. These findings provide useful
information for exploring the genetic mechanisms underlying milk production traits
and have significant implications for food security and small-scale farmers who own
over 85% of Egyptian buffalo. Integrating genomic information for genetic evaluation
can play a critical role in achieving sustainable genetic improvement and preservation
of the genetic diversity of this important breed. In conclusion, our work demonstrates
the potential of integrating genomic information into selection decisions for Egyptian
buffalo, even with a small sample size, to achieve more efficient and sustainable pro-
duction while preserving genetic diversity.
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Benefits and financing options supporting the adoption of an
East Coast fever vaccine in Tanzania
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The “Infection and Treatment Method” (ITM) is a strategy to mitigate severe
cattle losses in Eastern Africa caused by East Coast fever, a tick-borne dis-
ease. ITM involves intentionally infecting cattlewith a lowdose of the disease-
causing pathogen, followed by treatment with antibiotics. This approach has
been shown to provide several benefits, including reduced disease incidence,
improved animal health, and increased productivity.
However, the full potential of ITM is not always realised due to challenges
such as vaccination cost management and implementation complexity. In
this poster presentation, we will discuss the benefits of ITM from the farm-
ers’ perspectives through analysing a data set recorded in Tanzania, including
reduced disease incidence, improved animal health, and increased produc-
tivity. We will also explore what farmers have changed after implementing
ITM, such as improvements in animal management practices and increased
awareness of disease prevention strategies.
One of the major challenges for the adoption of ITM is the cost associated
with vaccination. We will present the financing strategies that farmers use
to pay for ITM vaccination, including government subsidies, community fi-
nancing, and other financing mechanisms. Additionally, we will examine the
credit option some animal health care providers offer to support farmers in
managing the costs associated with ITM implementation.
A better understanding of the benefits and financing strategies of ITM for
cattle health in Eastern Africa from the farmers’ perspective will allow devel-
opment stakeholders to more effectively improve the technical, business and
institutional aspects of last-mile delivery systems of the vaccine. Only if the
current constraints in vaccine delivery be successfully addressed can the vac-
cine achieve its potential to support livestock keepers in achieving significant
livelihood improvements.
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Ultrasonic measurements of fetal parameters for estimation
of gestational period in Nubian goats supplemented with

Moringa oleifera leaves
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The present study aimed to evaluate the influence ofMoringa oleifera (MO) leaves sup-
plement to the pregnant goat feed on fetal growth inNubian goats in Butana area using
the application of real-time ultrasnography and to determine the relationship between
the gestational period (GP) with the measurements of crown rump length (CRL), bi-
parietal diameter (BPD) and femur length (FL). Twenty (20) multiparous apparently
healthy Nubian does with fair body condition score (BCS) and 1.5–2 years old were
used in this study. The animals were allocated randomly according to the level of MO
leaves supplemented in the roughages. Measurements were taken three times within
the pregnancy period for measuring the CRL, BPD and FL. Crown rump length mea-
surement at day 45 of pregnancy, showed significant difference (𝑝 < 0.05) between
groups. The highest mean measurement for CRL (4.63±0.69 cm) was achieved in
group D, while the lowest mean value (3.60±0.53 cm) was recorded in group B. Mean
value for FL measurement (2.24±0.42 cm) and BPD measurement (2.40±0.70 cm) at
day 80 of pregnancy, showed no significant difference between groups (𝑝 > 0.05).
The results demonstrated that CRL, BPD and FL were significantly correlated with
GP (𝑝 < 0.05). The CRLwas positively correlated with GP (R =0.501) followed by the
BPD (R =0.614) and the FL was strongly positively correlated with GP (R =0.957).
Supplementation of MO leaves for pregnant Nubian does indicated that, CRL, FL and
BPD measurements were correlated to fetal age. Mean values of crown crump length
(CRL) obtained at day 45 of pregnancy, were significantly different (𝑝 < 0.05) between
groups. The longest measurements were found in group D (4.63±0.69 cm) while the
least mean value was recorded in group B (3.60±0.53 cm). The best time to obtain the
measurements for the femur length was at the end of the 2nd trimester of pregnancy.
The current study concluded that, supplementation of Moringa oleifera in goat feed,
does not influence significantly the measurements of femur length and biparietal di-
ameter of the fetus, while the measurements of crown rump length is influenced.
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Intake and digestibility of four rations with different fibre
levels in alpacas (Vicugna pacos)
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In Peru there are about 4.500.000 camelids, which are raised in an extensive
system, where the diet is based on the intake of highly fibrous natural grasses.
The aim of this study was to evaluate the effect of different dietary fibre lev-
els on intake and apparent nutrient digestibility of nutrients in alpacas, and to
estimate the digestibility of organic matter (OMD) from the content of crude
protein (CP) in faeces. The study was carried out with twelve alpacas (36.7
± 6.4 kg body weight - BW), which were offered 4 treatments with different
neutral detergent fiber content (NDF. T1: 40.3%; T2: 62.1%; T3: 67.8%; T4:
71.6%) under a switch back design. Dry matter intake (DMI) was higher
for T1 (612 gd-1) while T4 consumed less (470 gd-1; 𝑃 ≤ 0.05), when correct-
ing DMI for BW and metabolic weight (MW) was equal between treatments
(𝑃 ≥ 0.05). The NDF intake was similar between treatments when related to
BW or MW (on average 1% BW and 23.2 g kg-1 BW0.75; 𝑃 ≥ 0.05). Water in-
take (Lday-1) was higher in T1 compared to the other treatments, with values
ranging from 1.8 Lday-1 (T1) to 1.4 Lday-1 (T4), respectively (𝑃 ≤ 0.05). Di-
gestibility of dry matter, organic matter and crude protein was higher in T1
than in the other treatments, with average values ranging from 65% for T1 to
48% for T4 (𝑃 ≤ 0.05). The NDF digestibility was similar among treatments
(𝑃 ≥ 0.05). The regression equation generated to predict OM digestibility (y)
was as follows: y = 0.07635- (-0.33866*exp (-(-0.51457)× faecal CP (g kg-1

OM)/100)). Further studies will indicate whether faecal nitrogen can be used
to estimate digestibility and hence diet quality in South American camelids.

Keywords: Digestibility, faecal nitrogen, nutrient intake, South American
camelids
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Practices and drivers for antibiotic use in Kenyan
small-holder dairy farms
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Understanding antibiotic use is critical for developing effective interventions, partic-
ularly in light of the global actions to reduce antibiotics in food-producing animals.
In low and middle-income countries (LMICs), farmers mostly self-diagnose and ad-
minister antibiotics without proper guidance from a veterinarian potentially resulting
to misuse or overuse. Irrational antibiotic use is a major driver of antimicrobial resis-
tance (AMR) globally, transferrable to humans through the food chain. AMR is one
of the biggest threats to human health, and it has been estimated that by 2050, up to
10 million people could die annually due to AMR infections if appropriate measures
are not taken to address the issue.
Using a standardised questionnaire, AMUSE version 2, this study investigated the
patterns and drivers of antibiotic use in 165 smallholder dairy farms in Machakos,
Makueni and Narok Counties in Kenya. We used a causal diagram framework to in-
form logistic regression models to explore the drivers of antibiotic use in the selected
farms.
Antibiotic use was reported in 92.7% of farms and nearly all of them administered an-
tibiotics primarily for prophylactic purposes. Oxytetracycline, penicillin, and strepto-
mycin were the most used antibiotics to treat mastitis and diarrhea, the most reported
bacterial infections. Regression analysis indicated a positive association between the
frequency of antibiotic use at the farm level and both disease incidence (measured as
the number of new cases in the previous year) and herd size. Conversely, farms that
provided cattle with appropriate housing were less likely to use antibiotics, and there
was no difference in antibiotic use between those who consulted with veterinarians or
sourced antibiotics directly from animal health providers.
Our study highlights the complexities around understanding the interplay between
practices and drivers of antibiotic use and underscores the necessity to enhance edu-
cation regarding the appropriate usage of antibiotics among dairy farmers, encourage
the adoption of proper cattle herd management practices which may reduce the dis-
ease burden, and reinforce veterinary services to promote the prudent use of antimi-
crobials.
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Liver histopathology and growth performance of turkey
poults fed with aflatoxin contaminated diets supplemented

with nevatox binder
ADEKOYEJO OYEGUNWA, HASSAN KASSIM, OLUWOLE BANJO

Tai Solarin University of Education, Agricultural Science, Nigeria

Aflatoxin has become a nightmare in poultry industry affecting the birds as
a result of various diseases caused by ingestion of the toxin. Clay minerals
has however shown some potency in neutralizing the effect of the disease on
broilers and other class of poultry, while such information in turkey manage-
ment is scanty. Therefore this study was conducted to investigate the efficacy
of Nevatox, a clay mineral in ameliorating aflatoxicosis in turkey poults
A total of 80, 21-d-old turkey poults were randomly allotted to five dietary
treatments with four replicates of four poults per replicate in a completely
randomised design. Treatment 1 is positive control diet with no aflatoxin and
no nevatox, treatment 2 is the negative controlwith 0.2mg/kg of aflatoxin, treat-
ment 3 is the negative control with 2.0 g/kg Nevatox, treatment 4 is the neg-
ative control with 4.0 g/kg Nevatox, treatment 5 is the negative control with
6.0 g/kg Nevatox. The feeding trial lasted for 21 days. At the end of the feeding
trial, performance data were collected for feed intake, body weight gain and
mortality while 2 birds per replicate were killed and their liver harvested for
histopathology examination.
Significant reductions were observed in that feed intake ( 1087.50g, 632.10g,
570.50g, 525.00g, & 650.00g)and body weight gain (365.00g, 129.00g, 140.20g,
151.00g & 70.25g) of the poults at the end of the feeding trial while mortal-
ity figures ( 0%, 36%, 24%, 30% & 28% ) were significantly higher in all
treatments that received aflatoxin including treatments with Nevatox. In ad-
dition, Induced pathological lesions were observed in the liver of birds fed
treatments 2 to 5. Supplementation of the diet with Nevatox at 2, 4 and 6 g/kg
did not improve the performance of the birds.
It can be concluded from the results that dietary supplement of Nevatox at
the levels prescribed had no protective effect against aflatoxicosis caused by
aflatoxin B1 in turkey poults
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Extent of livestock and cropping enterprises in selected
counties in Kenya: An assessment
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Mixed farming systems in East Africa continue to interplay. While livestock
and crops play critical roles in practicing households including human nu-
trition, incomes, and as a form of savings/insurance; synergic and comple-
mentarity e.g use of livestockmanure to fertilise croplands, and crop residues
for livestock feed, prevail, an important driver contributing to the practice.
Within the wider content of deriving livelihoods under such systems, it be-
comes important to understand dynamics of the enterprises especially com-
peting for land allocation. How the communities perceive and assign land
to the mixed farming activities including gender decision making, especially
from incomes realised, is important in designing interventions. In this con-
text, we selected two administrative counties in Kenya (Kisii, Meru) where
mixed farming is important and administered Gendered- Feeds Assessment
Tool (G-FEAST). The tool involves engaging the communities, and returns
perceptions on land sizes, main crops grown and household decisions on in-
comes. Small land (ha) is taken as <0.25 in both counties, while large land
is considered as >2 (Meru) and >3 (Kisii). Improved dairy cattle take the
largest Tropical Livestock Unit (TLU) ranging between 2–5, while the leading
crop (ha) is Zea mayswith land allocation of 0.16 in Kisii, and tea inMeru 0.27
ha. A mix of gender decisions on household incomes was observed where
men are more involved in cash crop and dairy income in both counties, and
women on off-farm business and poultry eggs inMeru and, poultrymeat and
eggs in Kisii. While targeting improvement options in the studied farming se-
tups, would be important to consider the context presented here, including
the gender that may influence uptake of the technologies and advisories un-
der consideration.
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Benefits of Leucaena diversifolia in grazing steers diet:
Performance, methane and fatty acids
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Leucaena diversifolia (Ld) is a legume species that has received little attention
in terms of its nutritive value, methane (CH4) emissions, and impact on meat
quality. To address this gap, a study was conducted to compare the perfor-
mance, CH4 emissions, and fatty acid content of steers grazing on a mono-
culture of tropical grass Urochloa hybrid cv. Cayman versus a combination
of Cayman and Ld. Over a period of 15 months, 14 Angus crossbred steers
weighing an average of 374±7.5 kg were used in the study, with half of them
grazing only Cayman grass and the other half grazing on a combination of
Cayman and Ld at a ratio of 74:26. Live weight gain was recorded and CH4
emissionsweremeasured after the animal productivity test. Meat quality and
fatty acid profiles were measured after the steers were slaughtered.
The results showed that steers grazing on a combination of Cayman and Ld
consumed more dry matter, crude protein, and energy per day than those
grazing on grass alone, and this difference was still evident when digestibil-
ity was considered (𝑃 ≤ 0.05). Moreover, animals grazing on a combination
of Cayman and Ld weighed an average of 63 kg more at the end of the ex-
periment compared to those grazing only Cayman (466 vs. 403 kg; 𝑃 ≤ 0.05).
Interestingly, animals that consumed only Cayman grass emitted more CH4
than those that included Ld in their diet (168 vs. 144 gd-1; 𝑃 ≥ 0.05). The total
polyunsaturated, monounsaturated, and saturated fatty acid concentrations
in the meat did not differ between the two groups (𝑃 ≥ 0.05).
In conclusion, incorporating Ld in the diet of grazing steers can increase nu-
trient intake (protein and energy) and animal productivity without affecting
daily net CH4 emissions or fatty acid concentrations in the meat. This study
sheds light on the potential benefits of legume inclusion in animal diets and
highlights the need for further research in this area.
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Influence of the quarter-individual milking system
“MultiLactor” on the milk yield and quality in dairy cows:

Results of a field study
SHEHADEH KASKOUS

Siliconform, Department of Research and Development, Germany
The mechanical forces during machine milking lead to changes in the teat tis-
sue. This effect is related to the degree of adaptation of the milking machines
to the physiological requirements of the dairy cows. If the milking machine
settings and liners are not suitable for all dairy cows on the farm, the teat
condition will deteriorate and some animals may suffer from mastitis. In ad-
dition, the purpose of milking machines is to harvest milk at optimal speed
while maintaining animal comfort and teat defence mechanisms against in-
vading mastitis pathogens. Therefore, the milking machine is a crucial factor
in optimising milk yield and quality. The aim of this study was to examine
the influence of a quarter-individual milking system “MultiLactor” (ML) on
milk yield and quality. 170 Holstein-Friesian dairy cows were used on a farm
in Switzerland. The cows were milked three times a day with an ML milk-
ing system. The working vacuum level was 36 kPa and sequential pulsation
(25% each quarter) was adopted. The pulsation ratewas 60 cycles perminute
and the pulsation ratio was 60/40 during the milking time. Milk yield record-
ing and milk sampling were performed monthly for one year from each cow.
The major milk parameters were then analysed by the Swiss milk record As-
sociation. For statistical evaluation, the mixed procedure of SAS was used.
Significant differences (𝑝 < 0.05) were localised using the LSD test. Mean
milk yieldwas 35.84± 0.28 kg cow-1 day-1. This corresponds to an annualmilk
yield of 12000 kg cow-1. Mean milk composition values were 4.36±0.02%,
3.28±0.01%, 4.75±0.01%, 20.65± 0.20mgdl-1 and 99.63±6.48× 103 cellsml-1
for fat, protein, lactose, urea, and somatic cell count (SCC) respectively. It
was also shown that the cows remained healthy on the farm during the study
period. In conclusion, an ideal milking machine adapts to the morpholog-
ical, anatomical, and physiological characteristics of the udder and teats of
dairy cows and it should achieve a physiological ideal milking process meet-
ing high animal welfare standards for increased milk production with high
quality standard.
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The status of knowledge, attitudes, and practice in the
cultivation and usage of improved forages in Kenya and
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There is a scarcity of published literature about farmers’ level of knowledge,
attitudes, and practices regarding improved forage varieties in East Africa,
particularly among the populations where development projects have been
and continue to be implemented. This study was carried out to address this
knowledge gap and strengthen future scaling activities. We rely on cross-
sectional data with a sample of 353 respondents equally drawn from treat-
ment and control areas across 3 districts in Kenya and Uganda respectively.
Pairwise correlations, t-tests, and left-censored Tobit regression were utilized
for the analysis. Results indicate that treatment areas have significantly higher
levels of knowledge and havemore positive attitudes toward improved forage
cultivation and use compared to the control areas. However, Kenyan farmers
seemed generally more knowledgeable (at 3.16 on a scale of 1-5) and por-
trayed positive attitudes than their Ugandan counterparts (2.18) within the
intervention areas. Regarding the actual forage adoption, it is observed that
the majority (91%) of the respondents in Kenya cultivated at least one forage
crop on their farms, which was more than double the percentage (38%) who
cultivated forages inUganda. Themost important factors influencing the area
planted with forages were participation in forage training events, the size of
land and number of cattle owned, as well as the education and experience
levels of farmers. In Kenya, we also observed a significant positive correla-
tion between different extension approaches (radio programs, attending field
days, TV programs, farmer field schools, farmer-to-farmer exchange, formal
workshops) and the respondents’ knowledge levels. The findings show that a
greatmilestone has been achieved in creating awareness amongKenyan farm-
ers. Similar intensified campaigns will be required in Uganda and other East
African countries to scale out the adoption of high-quality forages in these
countries.

Keywords: Adoption, Africa, attitudes, forages, knowledge, practice, scaling

Contact Address: Kenneth W. Sibiko, The Alliance of Bioversity International and CIAT,
Trop. Forages Program, ICIPE Duduvile Campus P.O. Box 823-00621, Nairobi, Kenya, e-mail:
K.Waluse@cgiar.org

ID 860 385



Animals and livestock systems

Tracing the origin of external feed inputs to assess the
circularity of livestock farming systems in Kenya
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The consumption of animal-source food (ASF) is expected to increase in de-
veloping countries. However, ASF production negatively affects the environ-
ment (e.g., via greenhouse gas emissions, land use change, loss of biodiver-
sity), and therefore should be produced in a more sustainable manner. A
circular food system is seen as a promising way to use resources effectively
and to reduce the impact on the environment. In circular food systems, losses
of resources should be prevented and otherwise recovered for reuse. A back-
bone of circular food systems is avoiding feed-food competition by letting
livestock only utilise low-opportunity cost feed (LCF; i.e. by-products, waste-
products, grass from land unsuited for food crop production). Livestock can
turn these LCF products into nutritious food, manure, and other ecosystem
services. However, policymakers often focus on increasing livestock produc-
tion through intensification practices that increase the need for high quality
inputs such as maize and concentrate as detriment of LCF. Hence, intensi-
fication will increase feed-food competition and sourcing of products from
neighbouring countries, and consequently interrupt nutrient cycling and cir-
cularity. We characterised the diet composition and identified input suppliers
of small- and large-scale pig, poultry, and dairy farms in Njoro Ward located
in Nakuru County in Kenya via in-dept interviews with livestock farmers.
Subsequently, input suppliers (e.g. agrovets, wholesalers, feed processing
factories,) were interviewed to trace the origin of external inputs. As a re-
sult, we assessed circularity of livestock farming systems at ward level and
identified opportunities and challenges to implement circular systems at the
system production level. Results showed a high dependency on imported
ingredients to produce compound feed (e.g., dairy meal, pig finisher meal,
layermash). Protein rich ingredients (i.e. soybeanmeal, sunflower seed cake,
rapeseed cake) were often supplied from other East-African countries, while
feed additives (minerals, DCP, toxin binder) were often supplied from global
market.
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Evaluation of nonstructural carbohydrate traits of Napier
grass (Cenchrus purpureus) genotypes grown under field

drought stress condition
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2International Livestock Research Institute (ILRI), Feed and Forage Development
Program, Ethiopia

Napier grass (Cenchrus purpureus Shumach) is aC4 perennial forage grassma-
jorly used as livestock feed in tropical and subtropical environments. How-
ever, the productivity of Napier grass is affected by drought stress that in turn
inhibits feed quality traits accumulation such as the non-structural carbohy-
drate (NSC) concentration accumulation and transportation. NSC is one of
the cell components that are associatedwith tolerance to environmental stress
such as drought stress as it can minimise the impacts of stress via changes
in carbon balance. A study was conducted to evaluate the NSC level of 76
Napier grass genotypes under different soil moisture stress levels (moderate
and severe soil moisture stress conditions) and to identify the genetic vari-
ants associated with NSC traits. The genotypes of Napier grass were grown
either in moderate or severe soil moisture levels using a partial replication
design in four blocks. The oven-dried leaf samples that are harvested after
eight weeks of growth were ground to quantify water-soluble carbohydrates
(WSC) and starch using a spectrophotometer. High variation for NSC and
WSC values was observed among genotypes and stress levels. Under moder-
ate soil moisture stress, genotypes that showed high NSC levels were 16797,
16810, and 16802while, under severe stress genotypes that produce highNSC
levels were 16789, 16800, and 1026. Comparing the twomoisture stress levels,
the highest values for NSC was observed under moderate condition than un-
der severe condition. Furthermore, the genome-wide association study iden-
tified two significantly associated SNPs (SGWHAORA00000009_160387802
and SGWHAORA00000009_101547011) in both moisture stress levels. Gen-
erally, the concentration of NSC traits was shown to be dependent on the level
of soil moisture conditions and genotype.

Keywords: Drought stress, feed quality traits, Napier grass, non-structural
carbohydrate, starch, water soluble carbohydrate
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Nutritional values of indigenous browse and herbaceous
legume species for ruminants in Ethiopia: a meta-analysis

SISAY BELETE1, ADUGNA TOLERA1, UTA DICKHÖFER2
1Hawassa University, School of Animal and Range Sciences, Ethiopia
2Christian-Albrechts-Universität zu Kiel, Inst. of Animal Nutrition and Physiology,
Germany

Browse trees/shrubs and herbaceous forage legumes play a crucial role in
providing nutrients for livestock, particularly ruminants. Due to their high
protein content and better digestibility compared to common tropical grasses,
they have the potential to be used as protein-rich supplements for ruminants.
Thus, proper utilisation of these underutilised fodder sources in Ethiopia re-
quires establishment of comprehensive data on their nutritional composition
and performance response of ruminants to the diets containing these feed
resources. This quantitative review summarised nutritional value and the ef-
fects of including foliage from browse species and herbaceous forage legumes
in the diets of ruminants. Herzing’s Publish or Perish free software was used
to identify 134 papers published in Ethiopia (62 on the in vitro nutritional
value and 72 on in vivo studies) from the web databases of Google Scholars,
Scopus, and PubMed. The results demonstrate that although the nutritional
values are largely variable, foliage of browse species and herbaceous forage
legumes studied can be classified as nutrient-rich diets for ruminants. Browse
species and herbaceous forage legumes had crude protein content of 17.3%
(5.2–32.4%) and 20.2% (9.1–30.1%), and in vitro organic matter digestibil-
ity of 59.3% (33.2–89.3%) and 54.7% (39.7–69.3%), respectively. Because of
these nutritional advantages and moderate fiber (NDF, ADF, and ADL) con-
centration, supplementation of both fodder sources to low quality basal diets
increased drymatter intake and average dailyweight gain of the animals. The
presence of large variation in their nutritional composition may provide an
opportunity to screen species and varieties of high nutritional quality traits.
Moreover, determination of optimum inclusion level is also essential for best
performance.
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In vitro gas fermentation assessment of shed leaves of some
predominant plants as ruminants’ forage

VICTOR AKINWANDE1, ADEJOKE ADENEYE MAKO1, OLUWANIKE
ABIOLA-OLAGUNJU2, FOLAKE SODIQUE1

1Tai Solarin University of Education, Agricultural Science, Nigeria
2Lead City University, Microbiology, Nigeria

Sometimes, some deciduous plants shed their leaves, which litter the envi-
ronment and perhaps can be utilised as forage resources. Chemical compo-
sition and in vitro gas production parameters of shed leaves from different
browse plants (Tamarindus indica, Terminalia catappa, Bambusa vulgaris, Anac-
ardium occidentale and Cola nitida) were investigated. The shed leaves of each
plant were picked, cleaned and milled. Chemical composition and in vitro
gas production analyses were carried out. Results revealed that significant
variations (𝑝 < 0.05) in all the parameters considered under chemical com-
position. Bambusa vulgaris leaf had the highest (93.10%) dry matter content,
while Terminalia catappa leaf recorded the lowest (91.82%). Same trend was
observed for crude protein, with Bambusa vulgaris leaf recording the highest
(10.90%) value, while lowest (4.89%) value was obtained in Terminalia cat-
appa leaf. Neutral detergent fibre ranged significantly (𝑝 < 0.05) from52.92
to 61.53% in Tamarindus indica leaf and Terminalia catappa leaf respectively.
Similar pattern was observed for acid detergent fibre (33.13 – 48.95%) and
acid detergent lignin (16.48 – 24.12%). Among the shed leaves, the highest
(10.67 ml/200 mg DM) gas production (𝑝 < 0.05) was obtained in Bambusa
vulgaris leaf, while the lowest (6.67 ml/200 mg DM) was recorded for Termi-
nalia catappa leaf. Bambusa vulgaris leaf recorded highest values for ME (4.34
MJkg-1 DM), OMD (30.30%) and SCFA (0.19 mmol). The methane volume
produced ranged from 2.5 to 4.5 ml/200 mg DM in Terminalia catappa leaf and
Tamarindus indica leaf respectively. It can be concluded that these shed leaves
have potential in ruminant nutrition and can be used by ruminant farmers to
serve as off season forage in the tropics

Keywords: Chemical composition, in vitro gas production, ruminants, shed
leaves
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Chemical composition of willow trees for silage making
based on harvest frequency

RAWAD SWIDAN, SAMI AWABDEH
National Agricultural Research Center, Livestock Research Directorate, Jordan

A study was conducted to evaluate the chemical composition and biomass
production of willow tree for silage making for small ruminant based on har-
vest frequent. A total of 9 plots (42 trees per plot) were randomly assigned
into 3 harvest frequency (3 plots per treatment) per production year. A total
of 378 willow trees were all harvested on November and allowed to regrowth
for the following year. The regrowth was observed throughout the produc-
tion year. Plots were harvested on June, September and November for the
first treatment (H3); plots in the second treatment (H2) were harvested on
July and November, while the third treatment (H1) were harvested once on
November. Samples were collected on a monthly basis from both leaves and
stem to evaluated the chemical composition of willow trees throughout the
production year. Plots were harvested and weighted for each treatment, to-
tal mass productions were calculated from the accumulative weight for treat-
ment H3 and H2, while the total mass production for H1 were weighted at
the end of the experiment. Average production per tree were also calculated
for each treatment. willow leaves and stems were analysed for moisture con-
tents, CP, NDF, ADF, Fiber, either extract and ash. Only moisture and CP
contents were significantly different among the treatments. The study shows
that moisture content in H3 (62.8%) and H2 (62.6%) group were signifi-
cantly higher than H1 (50.7%). In addition, H3 and H2 group were signif-
icantly higher protein contents (DM basis) compared to H1 (13.2 and 12.7
vs. 9.5% CP, respectively). The total biomass productions were 173.1, 153.4
and 192.1 kg, with an average forage production of 1.47, 1.58 and 1.60 kg per
tree for H3, H2 and H1, respectively. In conclusion, for silage making, har-
vest willow trees twice or more in a production year produce higher biomass,
with higher protein and moisture contents, which is ideal for silage making
compare to harvest willow trees once in a production year.

Keywords: Biomass production, chemical composition, harvest frequent, silage
making
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Black soldier flies (BSF) as alternative livestock feed in
Kenya: Gendered perspectives on business models

HOLGER KIRSCHT1, COLLINS BULINDA2
1International Centre of Insect Physiology and Ecology (icipe), Social Science and Im-
pact Assessment Unit, Kenya

2Egerton University, Dept. of Agricultural and Agribusiness Management, Kenya
Poultry and pig enterprises are among the fastest-growing agribusinesses in
Sub-Saharan Africa. The conventional animal protein sources for pig and
poultry production are fish meal and soybeans. In Kenya, these resources
are expensive and limited. There is an overdependence on imports especially
for soy protein and the use of small fish used to produce fishmeal already
led to overexploitation of Kenyan lakes. The use of insects, especially of black
soldier flies (BSF), as a replacement protein source for feed is gainingmomen-
tum and BSF production is an emerging business. In this poster we analyse
the preference for certain business models used by small and medium scale
male and female BSF producers in Kiambu County in Kenya. By using semi-
structured questionnaires for data collection we were able to identify three
main business models: cyclic, market-driven and out-grower models. The
cyclic business model is a circular business model which excludes the mar-
ket. Available organic waste is used to rear BSF and the BSF larvae are used
by the same firm as feed in their pig and poultry production. The market-
driven model is characterised by using the market for their output and by
selling BSF to feed millers or directly to livestock producers. The out-grower
business model is characterised by binding arrangements between a small-
scale BSF farmer and an established medium to large-scale firm. One third
of the BSF producers identified were women. The majority (58.4%) of the
BSF farmers used the cyclic business model, followed by the marked driven
model (29.4%) and only 12.2% being in out-grower business model. Women
producers were dominantly using the out-grower model (75%).
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The influence of drinking water acidification in broilers
under Indonesian conditions

CHRISTIAN LÜCKSTÄDT, KEVIN TEH, STEVAN PETROVIĆ
ADDCON, Germany

Organic acids, and in particular formic acid and its salts, are well known to
improve productivity in animal nutrition. By acting against pathogens, they
help to decrease pressure on the animal’s immune system, thus more nutri-
entswill be available for productive functions such as growth. The use of acid-
ifiers via the drinking water will therefore not only create hygienic conditions
in the water itself but will also lead to improved performance parameters in
poultry. This is especially needed during the rainy season, when conditions
are severe, and mortality is rising. A recent trial, conducted at a broiler farm
under such conditions in Indonesia, tested drinking water acidification with
a liquid acidifier consisting of formic acid and sodium formate (ADDCON
XL2.0) at a dosage of 0.6 ml/1000 ml drinking water for 8 h a day from day
14 onwards till slaughter, against a negative control. 55,000 birds were ran-
domly selected and divided equally into 2 groups with 27,500 broilers each.
Feed and water were available ad libitum. The effects of the acidifier on per-
formance (daily weight gain, feed conversion) as well as productivity index
and mortality were examined at slaughter on day 35. The results are given as
mean and a confidence level of 95%was defined for these analyses. Although
the water acidification was carried out for 3 weeks only, average daily weight
gain and feed conversion were improved significantly (𝑝 < 0.05) across the
whole cycle. Mortality, calculated from the start of the treatment till slaugh-
ter, tended to be reduced by almost 25% (𝑝 < 0.1). The resulting overall
productivity index of the broilers increased by 4.3% (𝑝 = 0.012). It can there-
fore be concluded that drinking water acidification for broilers has beneficial
effects on the performance of the birds and may be considered as a low-cost
option to improve production parameters. Especially under tropical condi-
tions, this could play a vital role in providing hygienic drinking water and
reducing pathogen load, thus having enormous potential as an integral com-
ponent of a successful biosecurity programme.
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Response of broiler chicken to different levels of replacement
of boiled bambara seeds (Vigna subterranean verdc) for

super-concentrate
MOHAMED AHMED

University of Alneelain, Animal Production, Sudan
The objective of the study was to assess the response of broiler chicken to
different levels of replacement of boiled Bambara seeds (Vigna subterranean
verdc) for super-concentrate. Growth performance and carcass characteris-
tics were studied. Two hundred one-day-old un-sexed Ross (308) chicks were
used in a completely randomised design. Bambara seeds replaced super-
concentrate at (0, 25, 50, 75, and 100%). Chicks were randomly divided into
five dietary treatments; each of them was further divided into 4 replicates of
10 birds each. The chicks were reared from one- day-old to six week of age in
20 pens (1 × 1m) with wood shavings litter. The experiment was conducted
in an open- sided poultry house. Five iso-caloric and iso-nitrogenous starter
and finisher diets were formulated according to National Research Council
(NRC, 1994). Feed intake (FI), body weight gain (BWG), feed conversion ra-
tio (FCR) and Protein efficiency ratio (PER) were determined weekly on a
pen basis. The results regarding chemical composition of Bambara seeds in-
dicated positive nutritional components as it includes relatively high protein
(16%). Feed intake and body weight gain during starter and grower phase
were significantly (P≤0.05) decreased with the increased of boiled Bambara
seeds. On the other hand, finisher and overall feed intake for birds on 25%
replacement were not significantly (𝑝 𝑔𝑒𝑞 0.05) different when compared to
control. Dressing% was significantly (𝑝 𝑙𝑒𝑞 0.05) reduced for birds at 75%
and 100% replacement versus those fed other diets. Based on the current
findings, it could be concluded that only 25% super-concentrate can be re-
placed by boiled Bambarawithout any deleterious effects on FI, FCR, PER and
dressing%.
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Effects of dietary supplementation of red yeast
(Sporidiobolus pararoseus) in mycotoxin contaminated feed

on gene expression in the liver of broilers and layers
KESINEE GATPHAYAK1, WANAPORN TAPINGKAE1, SHAHRBANOU HOSSEINI2,

BERTRAM BRENIG2
1Chiang Mai University, Dept. of Animal and Aquatic Sciences, Thailand
2University of Göttingen, Inst. of Veterinary Medicine, Dept. of Molecular Biology of
Livestock, Germany

Mycotoxin contaminations are a global concern in feedstuffs produced by fungi during
their development. Toxicities in poultry reduced their production efficiencies, and im-
mune system. Also, histopathological changes in the liver of broilers and layers were
observed. By adding mycotoxin binder to the feed to adsorb the toxins, resulted in the
mycotoxin passing harmlessly through the animal. In this study, red yeast (Sporid-
iobolus pararoseus; RY) was used as a novel mycotoxin binder in contaminated feed of
broilers and laying hens. Gene expression profiles were studied in liver cell by next
generation sequencing (NGS) technology. In broiler, liver samples were collected at
35 days after fed with red yeast 0.5 g kg-1 (RY0.5, CON), mycotoxin contaminated corn
meal 50 ppb (MB50), MB50+RY0.5 and MB50+RY01.0. Five groups of gene were dif-
ferent expressed between RY0.5 andMB50 (𝑝 < 0.01). Differential expression analysis
(DEGs)was found 2 up-regulation genes (TOMM5 and BORCS5) and 1 novel gene for
down-regulation (LOC112533251) (𝑝 < 0.01). In layers, liver samples were collected
after fed for 63 days with four different diets: commercial diet (CON), RY1.0, MB100,
and RY1.0+MB100. Highly expressed genes were found in the comparisons between
theMB100 and the CONgroup (1,553 genes) followed by between theMB100 vs RY1.0
(1,141 genes), RY0.1+MB100 vs CON (585 genes), respectively. The least expression
of genes showed in the comparison of RY0.1 and CON groups, 8 genes. We identified
a set of genes in MB100 and in RY1.0+MB100 diet, which play key roles in phase I
(e.g. CYP2C23a, CYP2C23b) and phase II (e.g. UGT1A1, GSTO1) detoxification pro-
cess of xenobiotics, genes involved in antioxidant mechanisms and immune response
were also found. The up-regulated genes of both broiler and layer showed the effect
of apoptosis, cell proliferations transcription, differentiation and morphogenesis pro-
cesses in liverwhich likely providemore comprehensive protection against the toxicity
of mycotoxins and promote positive effect on productivity in poultry.
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Comparing milk production and quality by White Fulani and
Gudali cows during the dry season in a semi-arid zone of

Benin
YOROU N’GOBI DOUAROU, BOSSIMA IVAN KOURA, BOYA ANDRÉ ABOH
Université Nationale d’Agriculture (UNA), École de Gestion et d’Exploitation des Sys-
tèmes d’Élevage, Benin

In sub-Saharan Africa, climate change affects pasture availability and forage
nutritional value. During the dry season, animal productivity in terms of
milk production is negatively affected. White Fulani and Gudali cows are two
dairy breeds introduced in Benin to improvemilk production. However, little
is known about the performances of these breeds during the dry season, when
forage is poor quality. This study aims to compare feed intake and milk pro-
duction by the two breeds grazing in the same range during the dry season, to
identify the breed more likely to sustain milk production in a climate change
context. The study was conducted in the semi-arid area of Benin (Kétou re-
gion) during the early (S1) and late dry seasons (S2). The hand-plucking
method was used to estimate cows’ feed intake. Ten cows that gave birth at
the beginning of the experiment were monitored, and the milk offtakes were
quantified every two weeks. The chemical composition of the milk was anal-
ysed using a milkotester (Milkotester Ltd. 49. Hristo Botev St., 4470 Belovo,
BULGARIA). Feed intakes was higher (14.92 kgday-1) in White Fulani than
Gudali (13.23 kgday-1). There was a significant difference (𝑝 < 0.001) in the
amount of milk produced by the two breeds. At the beginning and the late
dry season, Gudali cows produce more milk (1.72 Lday-1) than White fulani
(1.22 Lday-1). Milk from Gudali contained more fat (5.57%) than White Fu-
lani (5.10%). However, milk protein content was higher (3.29%) in White
fulani compared to Gudali (3.11%). The study showed that the Gudali cows
ingested less forage but had higher milk production. However, milk from
White Fulani is richer in protein and lactose content. Further studies could
investigate the effect of supplementation on dairy performances in the two
breeds.
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Preference traits of farmers for indigenous local chicken
breeds in southern Benin

MARIETTE HOUNGBO, BOSSIMA IVAN KOURA, BOYA ANDRÉ ABOH
Université Nationale d’Agriculture (UNA), École de Gestion et d’Exploitation des Sys-
tèmes d’Elevage, Benin

A diversity of ecotypes characterises local chickens in Benin. However, the
characteristics of these ecotypes have been poorly documented, yet this in-
formation is essential for better valorisation and sustainable conservation of
these local avian resources. This study aims to identify local chicken ecotypes’
distinctive traits and farmers’ preferences for their attributes. The snowball
sampling method allowed the sampling of one hundred twenty local chicken
farmers keeping one of the four local chicken ecotypes Fulani, Holli, Sahouè,
and Koklo yaya. A semi-structured questionnaire was used to collect data on
the production system used by farmers and their preferred traits for the eco-
type of chickens reared. Farmers were asked to give scores ranging from 1
(most important) to 5 (less important) for each preferred trait, and the pref-
erence index (PI) was calculated. According to the farmers, the main dis-
tinctive characteristics of the local chicken ecotypes were the size, the format,
the growth, and the quality of the eggs. The Fulani ecotype had large size
(17.3%)with big eggs (12.7%). Holli and Sahouè ecotype had amedium size
(10,9% and 16,5%) with small egg in Holli. However, the Koklo yaya was of
small size (9,1%). The preference index revealed that the ecotypes Holli and
Sahouè were preferred for the high egg-laying rate (PI. 0.95 and 0.73) and
the disease resistance capacity (PI. 0.69 and 0.52). Koklo yaya was preferred
for its easy handling (3.33) and disease resistance (2.33) traits. Complemen-
tary studies could evaluate the comparative disease resistance capacity of the
different ecotypes of local chickens in Benin.
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Effect of probiotic microbial culture from maize steep in
drinking water of broiler chickens

IBIYEMI O. OPOWOYE1, OLUWAGBEMIGA O. ADELEYE2, FATAI A. ADEWOLE1,
ABIOLA O. SALAKO3, FOLUKE E. SOLA-OJO3, OLAJIDE M. SOGUNLE2,

JOB OLUTIMEHIN ATTEH3
1Federal University of Agriculture Abeokuta, IFSERAR, Nigeria
2Federal University of Agriculture Abeokuta, Dept of Animal Production and Health,
Nigeria

3University of Ilorin, Dept. of Animal Production, Nigeria
Effects of probiotic microbial culture isolated from the steep of fermented maize mash
on broiler performance, nutrient retention, blood profile, gutmicrobial profile and car-
cass characteristics were assessed in a 42-day trial. Drinking water with none or any
of three microorganisms isolated from maize steep and included singly or in combi-
nations to give eight treatment groups; Control (C), Lactobacillus fermentum (L), Bacil-
lus substilis (B), Saccharomyces cerevisiae (S), Lactobacillus fermentum and Bacillus sub-
stilis (LB), Lactobacillus fermentum and Saccharomyces cerevisiae (LS), Bacillus substilis
and Saccharomyces cerevisiae (BS), Lactobacillus fermentum, Bacillus substilis and Saccha-
romyces cerevisiae (LBS) were administered to 192 day-old broiler chicks in a Com-
pletely Randomised Design. The treatments had 3 replicates with 8 birds each. Daily
/weekly datawere collected from the birds on performance parameters. Experimental
diets and excreta droppings were analysed for their chemical constituents and at 42nd

day, samples were collected for blood, gut microbial analyses and carcass evaluation.
Average daily feed intake values were significantly (𝑝 < 0.05) higher for birds on ex-
perimental treatments with inclusion of various combinations of microbial culture
(LS – 73.14 g bird-1 day-1, LBS – 72.40 g bird-1 day-1, LB – 72.23 g bird-1 day-1 and BS
– 72.02 g bird-1 day-1) compared to birds administered drinking water with inclusion
of single microbial culture and control groups (L, B, S and C). Only total protein of all
biochemical indices assessed was significantly (𝑝 < 0.05) influenced with the highest
value (36.00 g l-1) observed in birds on LB. The experimental treatments significantly
(𝑝 < 0.05) influenced the birds RBC, MCH and MCV. The RBC of broilers on the ex-
perimental treatments were highest compared to those on the control treatment. The
MCH andMCV for birds on Swere significantly (𝑝 < 0.05) lowest compared to the val-
ues obtained in other treatment groups. There was significant (𝑝 < 0.05) effect of treat-
ment groups on wing yield. The yield in groups LB (8.44%), L (8.33%), LS (8.25%)
and LBS (8.13%) were higher (𝑝 < 0.05) than other treatment groups but similar to
control group. In conclusion, there was no adverse effect of the probiotic microbial
culture on broiler chickens.
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Enteric methane emissions of peri-urban dairy farms during
the wet season in southern Benin

PANINE YASSEGOUNGBE1, GAIUS SÈGBÉGNON VIHOWANOU1, TAWAKALITU
ONANYEMI1, EVA SCHLECHT2, LUC HIPPOLYTE DOSSA1

1University of Abomey-Calavi, Fac. of Agricultural Sciences, School of Science and Tech-
nics of Animal Production, Benin

2University of Kassel / University of Goettingen, Animal Husbandry in the Tropics and
Subtropics, Germany

Enteric methane (eCH4) emitted by ruminant livestock, especially lactating cows, is a
major environmental pollutant worldwide. Six pasture-based dairy farm types (FT)
were identified in the peri-urban areas of South Benin and characterised as follows:
Small-Herds-Zebu cattle (FT1); Small-Herds-Taurine cattle (FT2); Medium-Herds-
Zebu cattle (FT3); Medium-Herds-Taurine cattle (FT4); Large-Mixed-Herds-Taurine-
Zebu cattle (FT5); andMedium-Mixed-Herds-Taurine-Zebu cattle (FT6). Up topresent,
there has been no assessment of their eCH4 emissions. This study was conducted at
the peak of the vegetation period, between mid-September and October 2021, to esti-
mate the eCH4 emissions from different animal categories (bull, cow, steer and heifer)
across the different FTs, with one herd selected per FT. In each herd, one animal per
animal category was selected and its bodyweight was predicted from its linear body
measurements. Subsequently, its grazing behaviour was monitored for three consec-
utive days. Direct observation of grazing duration, bite counts and hand-plucked bite
mass estimation were used to estimate daily feed intake on pasture. The nutrient con-
tent and digestibility of the collected feed samples were predicted using near-infrared
spectroscopy. Feed dry matter intake (DMI) was estimated as a function of the an-
imal’s grazing behaviour and metabolic bodyweight (kg0.75). The eCH4 emission
factors (EF) and annual emissions for each animal category were estimated using the
IPCC Tier 2 method and compared across FTs. All statistical analyses were performed
with R software. EF (kg CH4/head/year) varied (𝑝 < 0.05) between FTs for all an-
imal categories, except for lactating cows. It ranged from 8.8 to 9.3 in steers, 9.3 to
10.0 in bulls, 9.0 to 9.3 in heifers, and 9.3 to 9.7 in lactating cows (𝑝 < 0.05). The
lowest EF (10.3) was recorded in bulls followed by steers (15.3) in FT2. The highest
eCH4-emitting lactating cows (399) and heifers (173) were found in FT5, whereas the
lowest-emitting lactating cows (72) and heifers (35) were observed in FT1 and FT2,
respectively. These preliminary findings suggest that a shift towards small herds of
locally adapted taurine cows selected for increased milk production will likely con-
tribute to the reduction of eCH4 emissions in peri-urban dairy farms of South Benin.

Keywords: Emission factors, feed ingestion, greenhouse gas emissions, pasture-based
livestock systems, peri-urban cattle farming
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Effect of Ocimum gratissimum on carcass quality of broiler
chicken

EYERIN-EBI H. JAPAN
Niger Delta University, Dept. of Animal Sciences, Nigeria

Phytogenics (natural growth promoters derived from plant) feed additives
are added in poultry diets as appropriate replacement for antibiotics. This
experiment was aimed at accessing the effect of Ocimum gratissimum extracts
on carcass quality of broiler chickens. The specific objectives were to evaluate
the possibility of O. gratissimum to enhance breast meat and to determine the
effect of O. gratissimum on organ weight of broiler chicken.
The study was carried out at Niger Delta University Teaching and Research
Farm. A total of one-hundred and ninety-five Cobb-500 day-old broiler chicks
were randomlydistributed into three treatment groups of sixty-five birds each,
with five replicates of thirteen birds per replicate. The control group (T1)was
given commercial starter and finisher diets, treatment two (T2) was given O.
gratissimum extract in commercial feed and treatment three (T3) was admin-
istered aqueous extract of O. gratissimum. The experiment lasted fifty-four
days and was arranged in a completely randomised design. Data on carcass
weight was collected, weight of different carcass cut-up parts and internal or-
gans was determined by weighing. All data was collected twice (at day 40
and day 54). The data was subjected to one-way analysis of variance and sig-
nificant differences were identified.
Aqueous O. gratissimum extract significantly (𝑝 < 0.05) improved the final
live weight and breast weight of T3 at day 54 (2137.75 and 536.25, respec-
tively), compared to T1 (1684.20 and 395.25, respectively). O. gratissimum
extract in feed (T2) also significantly enhanced (𝑝 < 0.05) live weight and
breast meat weight (1858.80 and 420.50, respectively), compared to T1. There
was no significant difference (𝑝 > 0.05) in organ weights of each treatment.
The results showed thatO. gratissimum improved breast meat and had no ad-
verse effect on organs, such as enlarged organs.
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Bacterial community succession in the intestinal tract of
broiler chicken raised in in open-sided house system

WALEED AL-MARZOOQI
Sultan Qaboos Universit, Animal & Veterinary Sciences, Oman

This study assessed the relative abundance of the intestinal microbial compo-
sition in duodenum, jejunum, ileum, and cecum of broiler chicken (Cobb500)
raised in an open-sided house fed a nonmedicated corn-soybean meal diet
from 0–35 days of age. A total of 1,179,68 sequences of 16S rDNA-based anal-
ysis were clustered into 253 operational taxonomic units at the 97% sequence
similarity which identified seven phyla and twenty-six Families. Of the to-
tal sequences, Firmicutes constituted a dominant phylum in duodenum, je-
junum, ileum and cecum, accounting for 96.4%, 88.8% and 96.8%; respec-
tively. The least dominant were Tenericutes and Thermi phyla, ranging from
0.12–0.01% in the same gut order. At the Family level, Lactobacillaceae was
dominant in duodenum, jejunum, ileum and cecum accounting for 73.87%,
43.30%, 77.81% and 46.30%; respectively of the total sequences. Both Ru-
minococcaceae and Lachnospiraceae were the most prominent Families, ac-
counting for 30.8% and 28.61%; respectively of the total sequences of the reads
obtained from the four intestinal sections. One of the most intriguing find-
ings of this study is that, in addition to differences in relative abundance, the
statistical comparisons of the 16S rDNA libraries of microbial communities
revealed that each gut segment harbors its unique bacterial community. This
was supported by Principal Coordinate Analysis (PCoA) which showed a
clear separation of bacterial communities between jejunum and cecum sam-
ples compared to those from duodenum and ileum, suggesting some simi-
larity in microbial community structure between the duodenum and ileum.
The results obtained characterises the development of the chicken intestinal
microbiota over time period under naturally ventilated housing system. The
study provides unique insight into bacterial community and relative abun-
dance of thesewere quite diverse and significant differences inmicrobial com-
munity composition from different intestinal segments were identified.

Keywords: 16S rDNA, broiler, chicken, house, intestine, microbiota
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Evaluation of alternative feed resource in intake, milk yield
and milk quality of lactating West African dwarf goats

GLADYS IBHAZE, GBENGA OGUNJEMITE, OLUWASEUN ADEBAYO
Federal University of Technology, Animal Production and Health, Nigeria

Dry season feeding is a major challenge to ruminant farmers and animals as
this results in low productivity, death of the animals and economic loss to the
farmer. Hence, the need to search for alternative sustainable feed resources
in circumventing this occurrence. Sixteen West African Dwarf (WAD) does
were fed cassava peel-Gmelina arborea leaves silage to evaluate their intake,
milk yield and milk constituents. Four experimental diets were anaerobi-
cally made from varying proportions of cassava peel (CSP) and Gmelina ar-
borea (GML) leaves as shown; 100GML, 90GML+10CSP, 70GML+30CSP and
50GML+50CSP. The does were divided into four (4) groups of four animals
per group as each animal served as a replicate for each treatment in a com-
pletely randomised design (CRD). The experiment lasted for 56 days. Data on
voluntary feed intake was collected daily while the milk yield was obtained
once a week. Results showed significant (𝑝 < 0.05) differences in intake, feed
conversion ratio, and milk yield. Goats fed 50GML+ 50 CSP silage had the
highest (520.96 gday-1) intake and the least (289.23 gday-1) was observed in
goats fed 100GML. Highest (2.28) FCR was observed in goats fed 100GML
while the least 2.07 gday-1) was observed in goats fed 50GML+ 50 CSP silage.
The milk yield was highest (323.51 gday-1) in goats fed 50GML+ 50 CSP
silagewhile the least (192.89 gday-1)was observed in goats fed 100GML.Milk
constituents did not vary significantly (𝑝 > 0.05) as values ranged from 3.57–
3.86% for protein while fat, lactose, ash, total solids, solids-not –fat varied
from 4.02–4.32%, 4.11–4.59%, 0.71–0.89%, 12.95–13.18% and 8.74–8.98% re-
spectively. Milk energy did not differ (𝑝 > 0.05) among treatment groups
as the values ranged from 3.16–3.24 (MJ kg-1). Negative but significant (𝑝 <
0.05) correlation coefficients existed between mean milk yield and milk com-
ponents. Values ranged from r=0.29* betweenmeanmilk yield and total solid
to r=0.51* for lactose. Positive and significant (𝑝 < 0.05) relationship were
observed between protein and total solid (0.71*) and between fat and total
solid (0.59*). Conclusively, feeding cassava peel-Gmelina arborea leaves silage
at equal proportions (50:50) as off season feed could best sustain and support
milk production in WAD goats.

Keywords: Cassava peel, Gmelina arborea, lactating, milk constituents, milk
yield, WAD goats
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Grazing behaviour of the endemic lagune cattle in
sub-humid savannah of Benin

ELIE SONON, BOSSIMA IVAN KOURA, ARMAND BIENVENU GBANGBOCHE
National University of Agriculture, Management and Exploitation of Livestock Sys-
tems, Benin

The indigenous Lagune cattle, a trypanotolerant breed, is a good candidate
when searching for a sustainable breed to meet the ongoing environmental
changes. The breed could be kept like small ruminants, tethered in grass-
lands, or free grazing. Objectives. A study was conducted to assess the graz-
ing behaviour of Lagune cattle under two grazing systems, free grazing and
tethered. Two farms in free-roaming and 02 others in the tethered system
were selected, in the original belt of the Lagune cattle, the agroecological
zones of Valley and Pobe. The step-point method was used to assess species
diversity in the grazing lands through their frequency and specific contribu-
tion. 03 cows were monitored while grazing during 03 consecutive days in
each farm. The grazing itinerary and grazing activities were registered al-
lowing to calculate grazing length and duration. In the two AEZs, 133 plant
species belonging to 27 families were recorded. The Lagune diet consisted
mainly of herbs; a total of 23 forage species from 14 families were grazed.
Most of the species belong to the families of Poaceaes (34.78%), Convolvu-
laceaes (8.7%), and Euphorbiaceas (8.7%). Fats contributed significantly
(𝑝 < 0.001) less to the diet in the free grazing system (59.84%) than in Teth-
ered one (70.70%). Panicummaximum (16.22%) andMariscus cylindristachyus
(12.32%) contributed the most to the diet. The study suggests that Lagune
cattle are grazers, and free grazing allows better utilisation of the forage species
and the best growth performances. Further studies could investigate diet se-
lection and nutritional balance of the indigenous Lagune cattle.

Keywords: Average daily gain, forage selection, genetic resources conserva-
tion, intake, sustainability, West Africa
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Genomic characterisation of two South African composite
breeds in comparison to their base breeds

PHILLIPINE SITHOLE, ESTE VAN MARLE-KÖSTER, SIMON LASHMAR
University of Pretoria, Dept. of Animal Science, South Africa

South Africa (SA) exhibits great agricultural and ecological diversity, includ-
ing extreme and ever-changing production environments that will necessitate
adaptability and efficiency of animal genetic resources in the future. Through
complementarity and heterosis, SA composite breeds combine the superior
productivity of exotic taurine breeds with the adaptive and maternal traits
of indicine and local Sanga breeds. Apart from the predominant composite
(e.g., Bonsmara), numerically smaller composite breeds have not been charac-
terised as well (neither on phenotype nor genotype-level) despite their con-
tributions to local beef production. The aim of the study was to perform a
genome-wide characterisation of the genetic diversity and population struc-
ture of two SA composite breeds, namely the Santa Gertrudis (SGT) and Sim-
bra (SIM), and their base breeds, namely the Brahman (BRA) and Simmen-
taler (SMM). A total of 684 animals (BRA = 182, SMM = 261, SIM = 172,
SGT = 69), genotyped with the Illumina® Bovine LD v.2 SNP genotyping
panel (7 421 quality-filtered SNPs), were available. The average minor al-
lele frequency (MAF) ranged from 0.182 (BRA) to 0.332 (SIM). The observed
heterozygosity (HO) indicated the highest level of genetic diversity for SIM
(HO = 0.432) and the lowest level for BRA (HO = 0.319). The fixation in-
dex (FST) values revealed the most genetic differentiation between the BRA
and SMM breeds (FST = 0.208). Conversely, the SIM and SMM were the
least differentiated (FST = 0.041). Principal component analysis (PCA) and
model-based clustering (admixture) distinguished the breeds according to
ancestral origin and breed development. PCA clustered all the SGT animals
in one cluster separate from the others. At K=2, the taurine and indicine an-
cestral contributions towards the SIM breed was illustrated and reflected the
originally intended composition of the breed (i.e., 5/8 SMM and 3/8 BRA).
The estimated effective population sizes (Ne) in the last 12 generations ago
ranged from 215 (SGT) to 316 (SMM), indicating a higher risk of inbreeding
for SGT if not managed carefully. The results presented an insight into the
genome-level diversity present in two smaller composite breeds and will as-
sist in making more informed breed management and selection decisions for
future sustainable use.

Keywords: Beef cattle, composite breeds, genetic diversity, SNP panel
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Nutrient digestibility and blood profile of broiler chickens
fed fermented sweet orange peel-based diets
ESTHER TAIWO1, OLUWABIYI OLUREMI2, KENAN ORAYAGA3

1Swedish University of Agricultural Sciences, Dept. of Animal Breeding and Genetics,
Germany

2The National University of Lesotho, Dept. of Animal Science, Lesotho
3Federal University of Agriculture, Dept. of Animal Nutrition, Nigeria

The research aimed to determine the nutrient digestibility and blood profile
of broiler chickens fed biodegraded sweet orange peel-based diets in Nigeria.
The sweet orange peels were obtained from retail sellers while fresh rumen
content was procured from a government abattoir. Rumen content wasmixed
with water in the ratio of 1 kg : 1 litre, and the resultant mixture was sieved
to obtain rumen filtrate (RF). The rumen content was mixed with sweet or-
ange peels at the ratio of 1 litre : 2.5 kg respectively. The mixture was then
fermented for 48 hours, sun-dried, milled, and incorporated into the broiler
diets at starter and finisher phases as a replacement for maize at levels of 0%
(T1), 5% (T2), 10% (T3), 15% (T4) and 20% (T5). The experiment involved
a fifty-six-day feeding trial, where a hundred and fifty-day-old chickens were
randomly assigned to five dietary treatments, and each was replicated three
times in a completely randomised design. The results showed that the coeffi-
cient of digestibility of drymatter, crude protein, crude fibre, ether extract and
nitrogen-free-extract did not differ significantly (𝑝 > 0.05) among the treat-
ment groups, while, as retention differed significantly (𝑝 < 0.05) across the
treatment groups haematological indices; haemoglobin, red blood cell (RBC),
packed cell volume, mean corpuscular volume (MCV) andmean corpuscular
haemoglobin (MCH), did not differ significantly (𝑝 > 0.05) across the dietary
groups, white blood cell (WBC) andmean corpuscular haemoglobin concen-
tration (MCHC) varied significantly (𝑝 < 0.05), serum indices; total protein
(TP), globulin, glucose, cholesterol, and alkaline phosphatase, were signifi-
cantly affected (𝑝 < 0.05) by the experimental diets, while albumin, aspartate
transaminase, and alanine transaminase did not differ significantly (𝑝 < 0.05)
across the dietary groups. Sweet orange peel-based diets can replace maize
up to 20% without affecting nutrient digestibility or having any deleterious
effect on the blood parameters of broiler chickens.

Keywords: Blood profile, broiler chickens, fermentation, nutrient digestibil-
ity, rumen filtrate
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Crop-livestock integration in urban agriculture: Implication
for urban food security in Ghana

FAIZAL ADAMS1, JAMES OSEI-MENSAH1, QUAYE JONATHAN1, AMOS MENSAH1,
ROBERT AIDOO1, HARALD KAECHELE2, SETH ETUAH1

1Kwame Nkrumah University of Science and Technology (KNUST-Kumasi), Dept. of
Agricultural Economics, Agribusiness and Extension, Ghana

2Leibniz Centre for Agric. Landscape Res. (ZALF), Inst. of Socioeconomics, Germany
The severity of food insecurity in urban regions is illustrated by factors such
as growing food prices, rapid urbanisation, and the lack of rural areas’ ca-
pacity to feed the city’s population. Urban agriculture has recently gained
popularity as a means of addressing urban food poverty, but few studies
have specifically examined the possibilities of integrated urban crop-livestock
(ICL) systems. The purpose of the study, therefore, was to analyse the impact
of ICL on the food security of urban households in the Kumasi Metropolis of
Ghana. Data were solicited from 430 households through a multi-stage sam-
pling technique. The study uses the household food insecurity access scale
(HFIAS) and household dietary diversity score (HDDS) to measure the food
security situations of urban households. Further, a seemingly unrelated re-
gression equation (SURE) was used to examine the precursors of food se-
curity among urban households while the inverse probability weighted re-
gression adjustment (IPWRA) model that corrects selection bias was used
to determine the impact of integrated crop-livestock farming on food secu-
rity of urban households. Findings of the food security indices show a low
prevalence of food insecurity among the urban households who practised in-
tegrated crop-livestock production systems compared to counterpart house-
holds engaged in no-farm, crop-only, and livestock-only producers. The SURE
reveals a diverse range of covariates that affect the food security status of non-
farm households, crop-only farm families, livestock-only households, and in-
tegrated crop-livestock producers, suggesting special considerations to target
the various urban households towards the promotion of urban agriculture
in the study area. The IPWRA shows better access to food and dietary di-
versity for urban residents engaged in integrated crop-livestock farms com-
pared to non-farm, only crops andonly livestock farmhouseholds in the study
area. The study presents pertinent recommendations and explores the conse-
quences of the findings.

Keywords: Dietary diversity, farming systems, impact assessment
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Diversity of sheep farming systems in the urban and
peri-urban areas of southern Benin

CODJO ESTEBAN HÉNOC MEDENOU1, EVA SCHLECHT2, LUC HIPPOLYTE DOSSA1
1University of Abomey-Calavi/ Doctoral School of Agricultural Sciences andWater, Fac.
of Agricultural Sciences, Benin

2University of Kassel / University of Goettingen, Animal Husbandry in the Tropics and
Subtropics, Germany

Sheep farming is widely practised inWest Africa, where it is associated with high eco-
nomic and social values. This activity has spread in and around urban areas to meet
the increasing urban demand for sheep meat. In addition, the sheep is of religious
importance for Muslims in the Eid el Kebir annual celebration (Tabaski). Since little
is known about how sheep farms operate in the current context of rapid urbanisa-
tion in Benin, this study aimed to characterise and typify sheep production systems
in urban and peri-urban areas in southern Benin. Socio-economic and management
practices data were collected through a structured questionnaire from a total of hun-
dred farmers selected with the snowball sampling approach. R statistical software
was used for Multiple Correspondence Analyses (MCA) followed by a Hierarchical
Classification of Principal Components (HCPC) to establish a farm typology based
on the acquired data. Comparisons between farm types were done using the non-
parametric Chi-squared test for qualitative variables and the Kruskal-Wallis test for
continuous variables. The results revealed 6 types of sheep farms which differed in
type of housing, fattening unit, location, and proportion of rams in the herd. Irrespec-
tive of the farm type, all interviewed farmers were men. Animal husbandry was the
main source of income for members of 3 out of the 6 farm types (𝑝 < 0.001). Overall,
the median herd size was 29 animals whereas the median number of sheep fattened in
the previous year was 15 with a significant variation between farm types (𝑝 < 0.001).
The majority of the farms (72%) practised both breeding and fattening. Zero-grazing
management (61%) and feeding concentrate feeds (58%) were practised widely but
varied significantly across farm types (𝑝 < 0.001). While in almost all peri-urban
farms (90%) sheep manure was used to fertilise the crops fields, more than half of the
urban farms reported manure disposal problems. Improper manure disposal is not
only an environmental problem but also an economic loss. It may, therefore, under-
mine the sustainability of these farming systems which are undergoing intensification
to meet the need of urban consumers throughout the year.

Keywords: Sheep fattening, small-ruminants, sub-Sahara Africa, typology, urbanisa-
tion
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Feasibility of improved silvopastoral systems in the
Caribbean region of Nicaragua

REIN VAN DER HOEK1, MARTÍN MENA URBINA2, JENNY WIEGEL2, MARLON LÓPEZ2

1The Alliance of Bioversity International and CIAT, West Africa, Senegal
2The Alliance of Bioversity International and CIAT, Nicaragua

In Nicaragua, land use change and agriculture cause 80% of total greenhouse gas
emissions, of which more than half are from livestock. Livestock farming occupies
almost 50% of total land area and is a major cause of forestland conversion, espe-
cially in the Caribbean region covering over half of the national territory, with 89%
of the country’s forests and the highest proportion of poor people. The conversion of
forests to agricultural land uses and inadequate pasture management have severe en-
vironmental impacts, including land degradation, biodiversity loss and exacerbation
of flood-drought cycles.
FAO requested a feasibility study of different scenarios (Business as Usual-BAUversus
silvo-pastoral interventions-SPS) of investments in silvopastoral components (such as
Iive fences, fodder banks, regeneration of trees in pastures) and improved pastures of
small and medium livestock farms. For each scenario the biophysical, environmental
and climate impacts - nitrogen balance, land and water requirement, greenhouse gas
(GHG) emissions and carbon stock changes - were analysed using the rapid ex-ante
assessment tool “CLEANED”. Net income from livestock production and costs of sil-
vopastoral systems with different tree types and densities were assessed. Internal rate
of return (IRR) and payback period were calculated based on an investment life of 12
years.
All SPS scenarios show increased carrying capacity, productivity (by 30–50%) and
reduced GHG emission intensities (by 25–50%). The increased productivity in SPS
scenarios potentially frees land by up to 25% (mainly pastures) for restoration and/or
reforestation. Water use per kg of milk decreases by 50. The proposed investments
lead to an increased carbon accumulation of 5.1 to 7.8 t CO2 e ha-1 and an IRR of 9% to
28%. Carbon sequestration in small farms exceeds emissions by almost 4 t CO2 e ha-1

and fully compensates emissions in medium farms.
The proposed interventions do not provide sufficient nitrogen to substitute the in-
creased nutrient uptake by grasses and other crops, leading to increasingly negative
nitrogen balances of up to 53 kgha-1. To ensure long-term sustainability, this will have
to be compensatedwith nutrient input into the systems, like increasing the proportion
of leguminous trees and associating grasses with herbaceous legumes.

Keywords: Caribbean region, CLEANED tool, feasibility study, improved silvopas-
toral systems, Nicaragua
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Screening for innovations that address sustainability
trade-offs in Kenyan livestock systems
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The consumption of livestock products in Africa is soaring in response to population
growth, urbanisation and rising incomes, which will trigger a livestock revolution
leading to the intensification and up-scaling of livestock systems. While this creates
economic opportunities for livestock keepers and could alleviate pervasive nutritional
deficiencies, it may come with a “long shadow”, causing challenges such as rising
greenhouse gas emissions, zoonotic diseases, land-use changes, marginalisation of
smallholders and environmental pollution. Innovations that minimise trade-offs and
foster synergies between sustainability dimensions could help to harness the poten-
tials of a livestock revolution while minimising its long shadow. Yet, little is known to
which extent existing innovations address these sustainability trade-offs.
Taking Kenya as a case study, we explored sustainability trade-offs of typical poultry,
dairy and beef livestock systems. Then, we screened for available innovations and
assessed their potential to address trade-offs. Data was collected in 11 expert focus
group discussions comprising 49 key informants from livestock-related research and
advisory institutions using participatory matrix scoring and listing.
Matrix scoring results underscore that small-scale beef and dairy systems are highly
relevant for nutrition and local livelihoods but associated with trade-offs like land
degradation, land use change and vulnerability to climate change. Key trade-offs in
poultry systems are low economic resilience, overuse of antibiotics and food safety
risks. In total we identified 47 innovations of which most (75%) are narrowly geared
to enhance productivity through intensification. These innovations often implicitly
improve local livelihoods (49%) but leave environmental trade-offs such as land use
change, environmental pollution and GHG-emissions as well as issues like food safety
and animal welfare largely unaddressed (5–10%). Only very few innovations, for ex-
ample biodigesters and insect-based feeds, are explicitly trade-off minimising while
others such as chicken cages or pure breeds further exacerbate existing trade-offs. We
recommend further examination of the livestock innovation systems to identify obsta-
cles for trade-off minimising innovations.

Keywords: Innovation, livestock revolution, livestock systems, livestock’s long shadow,
trade-off analysis
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Profitability analysis of a silvo-pastoral system in Colombia:
Economic and environmental benefits
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Cattle production systems generate considerable environmental impacts,
among which deforestation and the emission of methane by ruminants stand
out. Consequently, technological innovations within this sector must be fo-
cused on achieving sustainable production in both economic and environ-
mental terms. Silvo-pastoral systems (SPS) as a productive alternative al-
low an increase in economic yields while generating environmental benefits
and ecosystem services. This study is aimed at evaluating the environmental-
economic benefits of implementing two SPS in Colombia, namely (i)Urochloa
brizantha cv. Toledo + Leucaena leucocephala and (ii) Urochloa hybrid cv. Cay-
man + Leucaena leucocephala. They are compared with two monoculture sys-
tems (M), namely (i) Urochloa brizantha cv. Toledo and (ii) Urochloa hybrid
cv. Cayman. The evaluation comprises two components, an economic eval-
uation, which estimates the potential improvements in profitability of meat
production in the SPS through with the cost-benefit analysis methodology,
and an environmental evaluation, which estimates the economic value of the
environmental benefits and ecosystem services generated in the SPS. This re-
sulting economic-environmental value is integrated into the economic evalu-
ation, achieving a sustainability analysis of the studied SPS. The results show
better profitability indicators for the SPS, such as the net present value, inter-
nal rate of return, and benefit-cost ratio, which further improve when the re-
sults of the environmental evaluation are incorporated. Likewise, SPS are less
sensitive to external shocks. Regarding the environmental values, economic
values for the reduction of methane emissions of US$6.12 per cattle and for
the microclimatic regulation of US$ 2,026 per ha are estimated for the SPS.
The results thus suggest an improvement in economic profitability added to
the value of ecosystem services and environmental benefits that they incor-
porate. This type of evidence can be used to promote the adoption of SPS in
regions with low productivity and high deforestation rates, such as in large
parts of Colombia.
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Performance and livestock producers’ integration into cattle
and pig farmer groups in the northwest highlands of Vietnam
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Farmer groups in Vietnam have undergone considerable transformations following
the enforcement of the 2012 Law on Cooperatives. Under the new regulations, the old
cooperative model became obsolete, which led to the disintegration or stop operation
of numerous organisations. This gave way to a developing process of new forms of
association in agricultural production, a field open to exploration. Within an evolving
economywith greater exposure to international markets, adopting a scheme based on
collective voluntariness reveals a challenging path for agricultural production’s social
organisation, evenmore so if the individual perspectives of stakeholders on the perfor-
mance and convenience of these groups are considered. Previous interventions have
promoted the creation of farmer groups in Vietnam’sNorthwestHighlands (NWH) to
foster associativity, facilitating connection to markets and economies of scale for ser-
vices, technologies, and knowledge transfer to livestock farmers. This research thus
provides an assessment of the functioning and capacities of farmer groups engaged in
cattle and pig production. To this end, five components were defined based on tools
commonly used for strengthening farmer groups: 1) democratic, inclusive, and partic-
ipatorymanagement, 2) service offer and capacity building, 3) economic and financial
sustainability, 4) managerial and administrative capacity, and 4) market connections
and trading capacity. This approach integrates the analysis of behavioural elements
from members, non-members, men, women, and local authorities on the perceived
trust and commitment to participate in existing forms of cooperation. Information
was collected through focus groups discussion and key informant interviews. The
findings are currently being analysed and will allow researchers to design interven-
tions aimed at strengthening farmer groups. They will too serve as input for current
efforts to develop innovative models to deliver and scale innovations towards sustain-
able livestock production, replicable in other regions.

Keywords: Associativity, innovation delivery, livestock groups, strengthen farmer
groups
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Village livestock promoters: Effective, sustainable and
scalable supporter for small-scale dairy producers in Nepal?
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In Nepal, as in many developing countries, small-scale dairy production has been
growing strongly as incomes rise and diets becomemore diverse. Yet the productivity
of dairy production has remained low and its potential for livelihood improvements
unfulfiled. The traditional extension system, never very strong on livestock produc-
tion, has been receiving ever less funding, while the private sector provision of services
and inputs has increased greatly, both in reach and diversity of products. However,
promotional activities are mostly focused only on specific products and their individ-
ual benefits. Approaches for supporting farmers in their efforts to improve overall
productivity and profitability of their dairy production are often missing.
The OneCGIAR initiative on Sustainable Animal Productivity for Livelihoods, Nutri-
tion and Gender (SAPLING) is attempting to address this issue by piloting interven-
tions to establish village-level livestock agents in several countries. In Nepal, these
agents are known as “Village Livestock Promoters” (VLP) and are located in the east-
ern lowlands, where dairy production, mainlywith buffaloes, is most important. They
are linked to local dairy cooperatives and administrations, which provide themwith fi-
nancial support for livestock developmentwork, such as farmer training and recording
data for a national genetics database. However, for sustainability VLPs are expected to
establish their own businesses, providing services and inputs to their farmers, based
on extension activities such as ration balancingwith ILRI’s On-Farm FeedAdvisor and
advice on fertility improvement is expected to increase demand.
First results documenting the process and its effects highlight the approach’s opportu-
nities, but also emphasise the importance of ensuring active support by all stakehold-
ers. For instance, dairy cooperatives in the study area are not always strong enough
to support livestock development and some local administrators do not attach a high
priority to dairy farmers. Also, careful screening of VLP candidates during their iden-
tification is essential to ensure their interests and skills are aligned with the role’s ob-
jectives. The roll-out of the VLP intervention will be staggered with a randomised
assignment to training batches to enable the causal determination of the approach’s
effects.
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Intensive grazing system making possible a profitable and
sustainable livestock production in the dry tropic of Mexico
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Oaxaca state in Mexico faces important challenges in terms of development.
It is the third poorest state with 67% of the population below the poverty
line. One reason for that is the extreme climatic condition with very low an-
nual precipitation (less than 700 mm) and high temperatures. It is normal for
the region to stay more than 200 days without rain. Despite this challenging
scenario, Oaxaca state has 2.8 millions of potential hectares for cattle grazing.
Currently, it has more than 1.6 million animals. More than 70% of livestock
is extensive and composed of small production units, with precarious level
of technology. The main limitation factors for development of livestock in
the region are low reproductive performance, lack of infrastructure and low
production of grains and forage to feed the animals. An experiment with 20
animals has been conducted since 2019 in Oaxaca State at Papalotla Group
research centre to explore the cattle production potential in an intensive graz-
ing system. The experiment covers an area of 10 hectares, divided into 40
paddocks, with a grazing period of 1 day per paddock. The grass species
used in this experiment are two Brachiaria hybrids developed by CIAT (In-
ternational Center for Tropical Agriculture) in a public-private partnership
with Papalotla Group. Camello is a highly drought tolerant forage sowed in
the paddocks, while Cobra that produces high amount of forage under irri-
gation and fertilisation, was offered to the animals during dry seasons in a
cut-and-carry system mixed with Cratylia argentea, a shrubby perennial trop-
ical legume. Both hybrids have up to 18% of protein crude and around 70%
of dry mattrer digestibility. The results so far show an average daily weight
gain of 0.802 kgha-1 (2019–2022). Animals kept gaining weight even during
dry season when normally the local producers lost around 10% of their ani-
mals. Even though the investment to implement the system is relatively high,
with the right technology, using highly adapted improved pastures and inten-
sive grazingmethods, it is possible to have a profitable business in the region.
Once installed, the economic analysis showed a positive balance with an an-
nual income around US$20k (10 ha) and a net profit around 25%, depending
on costs and sales price.
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Duck-rice-fish system without insecticides: An useful organic
agricultural value chain in rural north Vietnam
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There is an urgent problem of contaminated feedstuff for human or animal
by excessive use of insecticides for producing agricultural products, which
can be a dangerous impact on health by immediate or hidden toxification.
This serious problem is not only in Vietnam, but also in tropical developing
countries.
This study therefore aimed at evaluating how to prevent or avoid the use of
insecticides by keeping local ducks, fish and rice symbiotically. These systems
could guarantee for safety agricultural products and environmental protec-
tion without insecticides, also help poverty alleviation for poor farmers.
Experimentswere conductedwithCo ducks in the symbiotic systems of duck-
rice (DR); grower duck-fish-rice (DFR); layer duck-fish-rice (LDFR); fish-rice
(FR); and compared to a control using insecticides for growing rice (R).
First, a technical test was done and results showed that rice production in R
and DR systems were not different: 4053 and 4036 kgha-1 resp.; minimum
residue limit of insecticides (MRL) was 3.9 and zero g kg-1 of dry paddy resp.
Then the systems of R; FR; DR; DFR and LDFR with different number of
ducks/hectare were compared. Results showed that rice yields were similar
(4125; 4195; 4115; 4479 and 4743 kgha-1) between R; FR; DR; DFR and LDFR
systems resp. MRL were 4.2 g kg-1 of dry paddy; 0.05 gL-1 of water in R sys-
tem and zero in others. Net benefits were +1.94; +8.54; +9.91; +44.22 and
+55.64 million VND ha-1 in R; FR; DR; DFR and LDFR systems resp. at the
exp. time.
The above systems proveduseful andmanypoor farmers have been designing
the none-insecticides systems for their cultivation for many years and expand
up to now. Furthermore, many poor women became stakeholders in allevia-
tion of poverty.

Keywords: Alleviation of poverty, Co duck, duck-fish-rice systems, experi-
ments, insecticides
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Information exchange patterns and technology adoption
behaviour of cattle farmers in the Colombian Amazon
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Colombia’s cattle sector, characterised by extensive production systems, plays an im-
portant role in the national economy, contributing 19.8% to the agricultural GDP and
providing employment and income to around onemillion people. However, the sector
is associated with low productivity and negative environmental impacts such as land
degradation, greenhouse gas emissions, and deforestation. This is particularly true in
the Caquetá Department, located in the Colombian Amazon, which has the country´s
fifth largest cattle herd and the highest deforestation rate. Although efforts have been
made in recent decades to introduce improved production practices to intensify cattle
farming in a sustainable manner (e.g., improved forages or silvo-pastoral systems),
corresponding adoption rates remain low.
While several studies have analysed the cattle sector in Caquetá and have identified
key adoption barriers, such as poor access to finance, inputs, technical assistance, and
knowledge, the importance of interconnections, and information exchange between
different actor groups in facilitating innovation diffusion, has received only marginal
attention. There is a broad consensus that the structure and composition of social net-
works can affect information flows, learning processes, capabilities, preferences, and
decision-making processes and that social networks can both facilitate and impede
access to information. To address the identified knowledge gap, a social network anal-
ysis (SNA) using egocentric network methods will be conducted in June 2023 with
150 cattle farmers in the Caquetá Department to study the structure, composition, and
strength of personal information exchange networks as well as their influence on tech-
nology adoption behaviour. Information will be elicited about the interviewed farm-
ers’ relationships with other farmers, and with other actors such as input and service
providers, buyers, extension agents, researchers, and NGO staff. First results will be
presented during the Tropentag. Heterogeneous patterns of information exchange are
expected to exist in the Caquetá Department, depending on, among others, the degree
of remoteness of the farmers. It is also expected that farmers with larger, more diverse,
andmore fragmented networks aremore likely to adopt improved practices. The find-
ings will be useful for designingmore context-specific policies to improve information
flows and promote the sustainable transformation of the cattle sector.

Keywords: Caquetá, Colombian Amazon, ego-centric network analysis, extensive
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Impacts of urbanisation and climate change on the livelihood
of livestock owners in the Cholistan desert, Pakistan
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Climate change and urbanisation are emerging issues that drive changes in
livestock production and the livelihood of people living from it in Pakistan.
This study aims to document the impacts of urbanization and climate change
on the livelihood of livestock owners near the city of Yazman Mandi in the
Cholistan Desert of Pakistan. The main objectives of the study are to 1) give
an overview of local livestock production, resources availability, and rural-
urban linkages; 2) understand how urbanization impacts their livelihood;
3) inquire if climate change impacts livestock health and production. One
survey (n=100) and six focus group discussions were conducted in 13 vil-
lages surrounding Yazman Mandi. Respondents were selected through ran-
dom sampling and segregated into an urban (Urb) and a rural (Rural) group
(G). This was based on nearness and travel frequency to the city. A mixed
methods approach was applied to collect data which was analyzed using
descriptive statistics, independent T-test, and Pearson Chi-square test using
SPSS-29. Results showed that respondents in cluster G-Urb were more ed-
ucated, had diversified sources of income and achieved better selling prices
for dairy products and live animals. For respondents in cluster G-Rural, by
contrast, livestock was the main source of income, their herd sizes were large
and they were more dependent on the exploitation of natural resources for
their livelihood. Both groups were facing deficiency of pasture and water
resources, and high disease incidence in cattle and small ruminants - all at-
tributed to climate change effects. Furthermore, both groups had significant
occurrences of animal reproductive issues, low milk and meat production,
and heat stress. There is a need to educate andmake farmers aware ofmodern
livestock-keeping methods. Training should be organized to enable farmers
counteract adverse climate change effects. This studywill help students of the
related fields, as well as private and government agricultural institutions to
better understand changes in livestock-based livelihoods under the impacts
of climate change and urbanisation in the Cholistan region.

Keywords: Cholistan desert, climate change, livelihood, livestock

Contact Address: Numan Arshad, University of Göttingen and Kassel, Department of Or-
ganic Agriculture, Khangura street rehmat colony, 39050 Narang mandi, Pakistan, e-mail:
khanguranuman@gmail.com

418 ID 651



Livestock and income, livelihoods and resilience — Posters

Re-stocking vulnerable pastoral households with camels and
goats helps increase their resilience
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The integrated camel management (ICM) programme has been implemented since
2010 by VSF-Switzerland in the arid and semi-arid regions of Kenya, with the aim
of improving food and nutrition security, health, income, and resilience of pastoral
households. One domain of intervention is restocking vulnerable pastoral households
with camels (and sometimes goats) and training in camel husbandry and milk hy-
giene. An evaluation was conducted by BFH-HAFL in 2021 to assess the impact of
the project on pastoral households. A mix of methods was used, including documen-
tation review, household surveys, and key informant interviews. A multi-stage sam-
pling procedure was applied to select beneficiaries and control households with sim-
ilar livelihood systems. 89 households were surveyed in 18 villages in Isiolo County.
Results show that ICM project beneficiaries becamemore resilient to droughts and cli-
mate change than the control group, especially if they had been restockedwith camels
and goats for a long time. The ICM programme has also helped rise and stabilise the
income, health, and food and nutrition security of poor pastoral households. This im-
pact is primarily due to the increase and stabilisation of camel milk production and
trade and is particularly important during the dry season and droughts. In addition
to the distribution of camels, training in milking hygiene was seen by beneficiaries as
crucial to the positive impact on their livelihoods, due to improvedmilk quality and re-
duced spoilage. The positive impact on food security was attributed to increased milk
consumption at the household level and the ability to purchasemore food through the
sale of milk. Beneficiaries restocked with both camels and goats were more successful
than those restocked only with camels, due to the complementary services provided
by the two species. The gender analysis revealed that female beneficiaries were more
involved in decision-making regarding camelmanagement and camelmilk use and in-
come than female controls. In addition, the increased workload associated with camel
husbandry seemed to affectmenmore thanwomen and children. In conclusion, diver-
sification into camel and goat keeping by restocking vulnerable households has proven
to be an effective income diversification and climate change adaptation strategy.

Keywords: Camel value chain, climate change, food and nutrition security, Kenya,
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Contact Address: Pascale Waelti, Bern University of Applied Sciences (BFH), School of
Agricultural, Forest and Food Sciences (HAFL), 3052 Zollikofebt, Switzerland, e-mail:
pascale.waelti@bfh.ch

ID 312 419



Animals and livestock systems

Impacts of the COVID-19 pandemic on livelihoods of
pastoral communities in the Kenyan rangelands
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The global COVID-19 pandemic declared inMarch 2020 resulted in an unprecedented
economic slowdownwith social disruptions across communities. In the arid and semi-
arid lands (ASAL) of Kenyawhich comprisemore than 60% of the national landmass,
the resultant restrictions on movement of people with closure of markets for different
products greatly affected pastoral communities whose livelihoods depend onmobility
of their livestock herds. A rapid assessment tool was used to determine the impacts
of the restrictions among pastoral communities participating in a programme aimed
at improving productivity of sheep and goats in Isiolo, Marsabit, and Turkana coun-
ties of Kenya. Additional information was obtained from key stakeholders involved
in activities related to livestock production in each county. Households provided in-
formation on dynamics within their goat flocks and costs and availability of inputs
and services during the national “lock-down”. Likert scale statements each with three
responseswere used to collate information thatwas subsequently analysed using prin-
cipal component analyses. The binary response variables were weighted to derive a
variable measuring the overall effects of COVID-19 the livestock enterprises. A higher
value of the derived scale variable represented a positive effect while a lower value
represented negative effect of COVID-19 on the farmer’s goat enterprise. Across the
three counties, COVID-19 significantly (𝑝 < 0.005) affected the acquisition of breeding
animals, availability of food for household use, availability of farm labour, and animal
prices when marketed. Inputs and services supporting goat production were also dif-
ficult to access resulting in increased animal mortalities due to diseases. Communities
in Isiolo and Marsabit that are located closer to the capital city Nairobi, and commu-
nity members who had a higher level of education were more negatively affected by
the pandemic than others. Countries need to optimally define restrictive measures to
protect the livelihoods of pastoral communities whose survival depends on mobility
rather than implementing nationwide movement restrictions.
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Navigating uncertainties: In what directions are Fulani
pastoralists going nowadays in Benin?

GEORGES DJOHY, H. STOWE AGBÉSSI
University of Parakou, National School of Statistics, Planning and Demography
(ENSPD), Benin

WestAfricanpastoralists aremore than ever subject to climatic, socio-economic,
political and security-related uncertainties that increase their vulnerability
andmarginalisation. Studies have shown that, when facing shocks and stresses,
pastoralists – depending on their level of access to resources and markets
– embrace at least three livelihood trajectories: “moving up’’, i.e. maintain-
ing their pastoral life and strengthening their pastoral economy by increasing
their herds; “moving out’’, i.e. maintaining a foothold in pastoralism while
seeking complementary or alternative sources of livelihood to avoid poverty;
and “moving away’’, i.e. exiting pastoralism and relying fully on other sources
of income. This study analysed how Fulani pastoralists in northern Benin
negotiated options in a context of multidimensional uncertainty recently ag-
gravated by the Covid-19 pandemic and Sahel-rooted terrorist insecurity. A
mixed-methods approach was used to collect data from 419 Fulani (280 men
and 139 women) aged 15 years and over in three districts in northern Benin,
namely Tchaourou, Parakou and Kandi. Results revealed that diversification
of livelihood activities is an important survival strategy among the Fulani
pastoralists (58%), with an average of two activities per multi-active per-
son. While men are more involved in livestock (37.50%), trade (24.64%) and
crop farming (21.43%), women are more active in petty trade (42.45%) and
crafts (37.41%). Hierarchical cluster analysis revealed three pastoralist clus-
ters: Cluster 1 (40.81%), composed essentially of women practising only one
activity, either handicrafts or petty trade; Cluster 2 (34.84%), made up ofmen
who have livestock keeping as their main activity and crop farming or trade
as a secondary activity; and Cluster 3 (24.34%), made up of men who prac-
tise only one activity, either in trade or administrative or private-sector work.
In sum, two major trends have emerged in pastoralism in northern Benin: ex-
iting from traditional pastoralism (moving away, i.e. Clusters 1 and 3) and
diversifying and seeking added value (moving out, i.e. Cluster 2). There
were no cases of “moving up” identified. These findings show that pastoral-
ism has changed a lot in Benin and that it is important to take this into account
in current government policies.
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Development of novel Egyptian local broiler chicken lines:
An Egyptian model for similar initiatives in low- and

middle-income African countries under natural biodiversity
and climate challenges
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Climate change, globally and regionally in Africa, impacts the productivity and wel-
fare of broiler (meat-type) chickens during the summer, especially when extreme heat
waves occur in arid and subtropical regions. Adapted-local breeds may hold a plausi-
ble genetic solution for climate resilience. Therefore, Egyptian poultry breeders aimed
at genetically improving the growth of climate-resilience-local chickens and develop-
ing new lines of broilers that are adapted to hot climate. At Cairo University, since
2003, we are practicing breeding schemes on naturally adapted local populations to
generate local crossbred lines from the initial crosses between the two grandparents
of commercial broiler female and male lines and two populations of adapted local
chickens to local environmental conditions; White Baladi and Bandara. Afterward,
the phenotypic selection was practiced for high growth at the marketing age of 6-
week. Two crossbred lines were obtained, Cairo female line and Giza male line. The
body weight of developed crossbreds was significantly around 2.4-fold heavier than
those of the locals at week 6. In the Giza male line, we introduce naked-neck gene
to enhance heat tolerance by crossing Naked-Neck breed with Giza chickens. Subse-
quently, Giza male chickens will be crossed with Cairo female chickens to produce a
novel slow-growing Egyptian local broiler adapted to summer heat waves and inferior
management conditions. Last year, we crossed them to produce the Cairo-Giza cross
hybrid, for the first time in Egypt, named the Cairo-Mix broiler (n = 300). Although it
is not as fast-growing as the international commercial strain, it performed much bet-
ter than the local breed. Cairo-Mix reached 1.34 kg by 56 days of age compared to
600 g for the locals. The feed conversion ratio was 2.13. Cairo-Mix chicken has very
low mortality (2%) and a good dressing percentage (65%). Despite its long growing
period, it reached satisfactory economic efficiency. This improves animal welfare and
contributes tomaintaining the free-range or backyard poultry production systems and
the competitiveness of the chicken industry in future business strategies under natural
biodiversity and climate challenges.
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Farmers’ perception of sheep production constraints in rural
Egypt

HELMY METAWI, EMAN EL- BASSIOUNY
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This study was conducted on small ruminant production constraints in ru-
ral areas of the Nile Delta in Egypt during the period from January 2021 to
April 2022. A survey questionnaire was developed and pre-tested to collect
quantitative data from one hundred and eight randomly selected families and
interviewed separately. The household was asked to identify the most im-
portant obstacles facing the production of small ruminants and arrange them
according to priority. Microsoft Excel was used to analyse the data. Descrip-
tive statistics such as percentages and frequencies were performed. To exam-
ine the profitability of small ruminant production, the internal rate of return
(IRR)wasmeasured for each respondent based on actual field records during
the period of this study. The results showed that the average productivity of
sheep flocks in the Delta region was estimated at 23.80 kg; while the IRR ob-
tained from raising sheep (14.5%) was not a good alternative to whether this
money was invested in the bank at the currently available interest rate (16%).
The study concluded that small ruminant projects are not economically fea-
sible and this is related to a number of factors, in which animal feeding chal-
lenges ranked first (95%) among the problems faced by farmers in the Delta
region. Disease control came second (62%), followed by low animal produc-
tivity (43%), high pre-weaning mortality rate (36%).The expected changes
in the IRRwere estimated as a result of the possible deterioration of the repro-
ductive and productive performance of sheep. A 10%decrease in the number
of weaned lambs per ewewould reduce the IRR by 3.8%. Reducing the wean-
ing weight of the lambs by 1 kg leads to a decrease in the IRR by 1.8%. A 10%
worse change in feed costs would drop the IRR by 7%. Therefore, national
research work supported by an effective extension program to improve small
ruminant production in rural Egypt must be implemented.

Keywords: Constraints, productivity, profitabilit, rural Egypt, sheep
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Climatic stressors induced molecular responses of crossbred
dairy cows in tropical Savannah region

MULLAKKALPARAMBIL VELAYUDHAN SILPA1, KERSTIN BRÜGEMANN1, MD SHAHIN
ALAM2, TONG YIN1, CHIKAMAGALORE GOPALAKRISHNA SHASHANK3,

CHINNASAMY DEVARAJ3, VEERASAMY SEJIAN4, RAGHAVENDRA BHATTA3,
EVA SCHLECHT2, SVEN KÖNIG1

1Justus-Liebig University Giessen, Inst. of Animal Breeding and Genetics, Germany
2University of Kassel / University of Goettingen, Animal Husbandry in the Tropics and
Subtropics, Germany

3ICAR-National Institute of Animal Nutrition and Physiology (NIANP), India
4Rajiv Gandhi Institute of Veterinary Education and Research, India

Climate change has a deleterious impact on livestock production system which ad-
versely affects both the livelihoods of farmers as well as the supply chain of animal
origin food. A study was conducted to assess the impact of climatic stressors (sea-
sonal transition and temperature humidity index (THI)) on the molecular response
of 40 lactating crossbred dairy cows reared by small-scale farmers in Bengaluru, In-
dia. The research period comprised the transitioning season of hot summer to wet
monsoon, wherein the gene expression in bovine peripheral blood mononuclear cells
(PBMCs) was assessed at two points, late summer (June) and early monsoon (July).
Selective genes were considered; these were reported to be associated with (a) heat
stress and adaptation: heat shock factor-1 (HSF1), heat shock protein 70 (HSP70) and
HSP90; (b) production: growth hormone (GH), growth hormone receptor (GHR),
insulin-like growth factor-1 (IGF-1) and leptin (LEP); and (c) inflammatory/immune
response: interleukin 18 (IL18), interferon gamma (IFNγ), IFN𝛽 and tumor necrosis
factor alpha (TNF𝛼). The mRNA isolated from the bovine PBMCs were subjected to
quantitative Real Time PCR using Glyceraldehyde-3-phosphate dehydrogenase and
Hypoxanthine phosphoribosyl transferase 1 as reference genes. Seasonal transition
and/or higher THI significantly upregulated the relative PBMC mRNA expression of
HSP70, IL18, IFN𝛽, IFN𝛾, TNF𝛼, GH and IGF-1 genes during late summer as com-
pared to early monsoon. The significant upregulation of the molecular chaperone
HSP70 could indicate the activation of a “second window of protection” against cel-
lular stress. Further, all of the selected inflammatory/immune response genes were
significantly upregulated at higher THI and/or in late summer. The results revealed
the significant influence of climatic stressors in activating both adaptation and im-
mune response related transcripts in dairy cows. Thus, the study reveals the compro-
mised immune system during exposure to climatic stressors in dairy cows. Further,
the study points towards the fact that these targeted genes could serve as biomarkers
for quantifying climatic stressors in dairy cattle in tropical Savannah regions.

Keywords: Adaptive responses, climatic challenges, dairy cattle, gene expressions,
immunity
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Production parameters estimates of smallholder pig
production systems in Uganda

EDWIN OYIENG1, KAREN MARSHALL1, MATTHIAS GAULY2

1International Livestock Research Institute (ILRI), Kenya
2Free University of Bozen - Bolzano, Faculty of Science and Technology, Italy

The smallholder production system inUganda significantly contributes to the
increase in pig production and local pork consumption. In this paper, we
present the estimates of production parameters for smallholder pig farmers in
Uganda. Baseline household and longitudinal surveys were conducted from
191 pig keeping households in Hoima and Kamuli districts. The households
were mainly male headed with an average household size of 6.0± 2.6. The
farmers had either primary or secondary education as the highest level of ed-
ucation. The household land size was on average 2.3± 1.7 acres. The average
herd size, sows and litter size was 3.78± 4.06, 1.48± 0.95 and 7.2± 2.3 respec-
tively. Piglets comprised 11%, weaners 22%, growers 43%, finishers 19% and
late finishers 5% of the herd. The average age at first parity, parities per sow
per year, farrowing interval and annual still birth rate was 11.3± 1.1 months,
1.4± 1.1, 261 days and 0.02 respectively. The piglets weaned per sow per year
was 7.1. The annual mortality rates reduced from piglets to late finisher stage.
85%of the animals exited the farms through saleswhile 70% entered the farm
through births. The annual overall offtake rate was 3.04 while the annual off-
take rate from sale of pigs was 2.76. The overall annual intake rate was 1.34
while the annual intake rate from purchase of pigs was 1.31. 41% of the pigs
sold were weaners, 24% growers, 22% late finishers and 13% finishers at an
average price of USD.19.33, 38.53, 58.07 and 46.21 respectively. The annual
health cost for curative treatment was higher than for preventative treatment
across each animal type. Weaners had the highest cost for curative and pre-
ventative treatments. The most bought feed types were maize (70%) and rice
(28%) bran which costed USD.0.10 and 0.75 per kg, respectively. Sow ser-
vice was on average USD.3.09± 2.75. The cost of the piggery housing was
on average USD.110.66 with an annual maintenance cost of USD.7.63. Other
costs related to the pig farming (tethering, farm equipment, pig slaughtering)
amounted to USD 3.85 per year. This information is important for evaluating
the profitability and sustainability of the smallholder pig production system
in Uganda.
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The best of two worlds? Problems and new approaches of
science communication with practitioners in sustainable

agriculture
ARIANE GOETZ, MARTINA PADMANABHAN

Passau University, Chair of Critical Development Studies, Germany
Science communication is essential for the implementation of agricultural and
environmental sustainability goals in agriculture. The reference to practical
knowledge, the capacities and needs of farmers and the local context are a pre-
requisite for providing practice-relevant knowledge and bringing sustainable
agriculture into the mainstream. In reality, however, there are considerable
problems of communication, relevance and legitimacy of science communi-
cation. On the one hand, perceptions of problems and solutions are often
far apart between the farmer’s view and the researcher’s view. On the other
hand, science itself is currently divided onwhat it takes to achieve sustainabil-
ity goals in the sector. Furthermore, communication with practice is mostly
neglected in the science system. Often it remains unclear whether, where and
how science communication with practice takes place, and thus also to what
extent what is communicated is useful in the respective context, and whether
it is effective with respect to the goal level.
In a first step, this paper provides a systematic overview and categorisation
of current problems of science communication with agricultural practice in
view of knowledge exchange and sustainability. In a second step, the results
of this synthesis effort serve as a basis for discussing current science com-
munication attempts to overcome the mediation, relevance, and legitimacy
problems through new content, formats, and processes. Several questions
are at the centre of the investigation: what are predominant problems of sci-
ence communicationwith practitioners? Howare they addressed bymeans of
current science-communicative innovations (in terms of content, format and
process)? Which problems are being neglected? And to what extent can the
innovations be expected to contribute to a better effectiveness of the exchange
of experiences and the environmental and agricultural sustainability claim.

Keywords: Agricultural transformation, science communication, knowledge
politics, knowledge systems
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Roles and practices of agricultural extension agents in
transforming the extension system in Ethiopia

YEMANE ASMELASH GEBREMARIAM1,4, JOOST DESSEIN1, BENEBERU ASSEFA
WONDIMAGEGNHU2,4, MARK BREUSERS3, LUTGART LENAERTS1, ENYEW ADGO4,

STEVEN VAN PASSEL5, AMARE SEWNET MINALE4, AMAURY FRANKL6
1Ghent University, Dept. of Agricultural Economics, Belgium
2Policy Studies Institute Ethiopia, Ethiopia
3KU Leuven, Inst. for Anthropological Research in Africa, Belgium
4Bahir Dar University, Ethiopia
5University of Antwerp, Dept. of Engineering Management, Belgium
6Ghent University, Dept. of Geography, Belgium

There are many ways to envision and approach rural innovation and exten-
sion processes. Knowledge and skills of extension agents on transferring tech-
nologies and innovation systems are essential for a successful practice. These
skills enable extension agents to effectively support individuals and groups
engaged in agriculture-related activities. A flexible delivery method is also
necessary for a smooth extension system. Extension agents who promote
various agricultural extension approaches assume they know what is best
for farmers. However, information about the roles and practices of exten-
sion agents in the country (Ethiopia) is required, especiallywhen considering
technology transfer and innovation systems. These improve the performance
of agricultural extension agents. The study aims to identify extension agents’
roles and practices in transforming the extension system from the transfer
of technology (ToT) to the agricultural innovation system (AIS) in northwest
Ethiopia. A qualitative research approach was deployed to analyse 22 Key In-
formant Interviews (KIIs) and 23 focus group discussions (FGDs) with both
men and women. The data were analysed using NVivo, version 12, for a the-
matic, deductive approach. The research shows that extension agents serve as
facilitators, extension propagandists, fake reporters, model farmers selectors,
persuaders, innovators, suppliers, go-betweens for researchers and farmers,
trainers, technology disseminators, and resource linkers. Hence, extension
agents must fully understand AIS techniques; ToT systems are still in use. As
a result, it is essential to expand the institutional capacities of agricultural
organisations that would enable the AIS to become more client-focused and
responsive to the needs of smallholder farmers and extension agents.
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Can digitalisation contribute to sustainable transformation of
smallholder agriculture in Africa?

EVELYNE NJUGUNA1, THOMAS DAUM1, REGINA BIRNER1, JOHN MBURU2
1University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

2University of Nairobi, Dept. of Agricultural Economics, Kenya
Agricultural development of smallholder farmers in Africa is held back by
several challenges. These include lack of information and knowledge, inad-
equate access to agricultural inputs and services, and poor connectivity to
production markets. High hopes are pinned on digitalisation to bring about
much-needed change in African agriculture, but there is limited empirical
evidence on the nature and impact of such digital tools on smallholder agri-
culture. We examine the landscape of digital agriculture in Kenya, an agri-
cultural country and a leading centre for agricultural technology among low-
and middle-income countries. Using a novel classification framework and a
stocktaking approach, we analyse current technology trends to understand
the extent to which these technologies are leveraging recent developments in
sensing and analytics. This shows that the number of tools has tripled in ten
years and there has been a shift from “simple” to “smart” digital tools that
provide farmers with less generic and more tailored advice based on the data
they input or data from sensors. Although the literature on the impact of
these tools on smallholder agriculture is sparse, the potential impact path-
ways developed show great potential for further development of stronger
value chains, increased market participation, improved food and nutrition
security, higher incomes, increased environmental protection and climate re-
silience. To promote the contribution of digitalisation, we need to strengthen
partnerships between private and public institutions to increase complemen-
tarity in e-extension and e-marketing, use publicly available satellite data that
can give farmers a competitive advantage, develop legal frameworks for data
management to promote trusted participation, and also advance a research
agenda focused on the impact of these tools.

Keywords: Africa, agricultural transformation, classification framework,
digital tools
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Crop yield estimation using mobile pictures and deep
learning in collaboration with thousands of smallholder

coffee producers
JUAN CAMILO RIVERA PALACIO1, CHRISTIAN BUNN2, RYO MASAHIRO1
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Analysis and Simulation, Germany
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The use of earth observation data, unmanned aerial vehicle imagery andman-
ual counting for coffee crop monitoring are popular methods for predicting
crop yield in Latin America. However, the coffee crop’s environmental condi-
tions, such as systems under shade, along with the time-consuming nature of
the process, create a barrier to the extensive use of these methods at plot and
larger scales. This study explored the use of mobile pictures of coffee trees for
yield prediction at tree level in agroforestry systems for five coffee varieties
in Colombia and Peru, in the form of citizen science. The object detection
deep learning model, ”You Only Look Once” YOLO v5, and manual count-
ingwere used togetherwith extensive fieldmonitoring data comprising infor-
mation from 977 farmers, 2954 trees, and 10195 mobile pictures. The model
was trainedwith two varieties of trees, Catimor CogolloMorado and Catimor
Cogollo Verde, in Peru. The training data consisted of ca. 35,000 labeled cher-
ries. After model training, we deployed the model in Colombia with varieties
variedad Colombia and supremo to test if the model can be useful in other
regions. The results of yield prediction revealed an R-squared value of 63%.
The model achieves good performance with unseen data, and the model per-
formance was as good as previous studies which employ more advanced but
expensive techniques. Our study demonstrated that the method can generate
yield predictions in seconds without the need for any expensive monitoring
devices. Additionally, the use of mobile pictures can generate yield data for
multiple zones where there is a lack of such data. This indicates the possibil-
ity of using mobile pictures to predict crop yield at the plot and even much
larger scales for efficient planning and access to financial services. Future
work should focus on the role of human users in the use of the machine vi-
sion system to further improve the accuracy of the results.
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Farmers’ perceptions on use of video as alternative tool for
learning climate smart agriculture

DAMILOLA ALADESURU, CHRISTINE BOSCH, REGINA BIRNER
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

Agricultural extension plays a vital role for ensuring food security because agricultural
extension provides knowledge, innovation and adaptation support to help farmers im-
prove their production andmanage climate change risks. However, several challenges
faced by the agricultural extension systems in developing countries make it necessary
to develop and use alternative, innovative approaches through which farmers can be
advised about practices that can improve their resilience against climate change. This
study presents the perceptions of farmers in Kenya on the use of videos as an agricul-
tural extension tool for climate-smart agriculture, using the context of an agricultural
development and research project that uses digital tools to reach women farmers with
knowledge of climate-smart agricultural (CSA) practices in regions of Kenya, Uganda
and India. Specific interest is in women farmers, given their high contribution to agri-
culture and higher vulnerability to climate change risks. The study used qualitative
and quantitativemethods of data collection such as focus group discussions, key infor-
mant interviews and participant observation. The collected data were analysed using
deductive content analysis based on identification of themes, quantitative summary
statistics and cross-tabulations. Gender was found to have significant relationship
with farmers’ level of implementation of CSA practices as 76 percent of women were
using some CSA practice shown in the videos at the time of study, while most male
farmers had tried but stopped the practices. Women expressed the influence of fea-
tured women rather than men farmers as motivating factor leading them to use these
practices. Both men and women farmers regard videos as able to present graphically
not only new practices but also those that had been learned from extension officers.
Further findings suggest that higher decision-making power of men in the household
contributes to factors that constrained some women’s implementation of new prac-
tices. For future adaptation of videos, extension officers highlighted the need for a
platform where farmers can interact with professionals like extension officers after
watching the videos to clarify concerns. The study also identified some challenges to
scaling of videos for agricultural extension, including technology requirements and
willingness to invest in video technology.

Keywords: Agricultural extension, climate-smart agriculture, digitalisation, women
farmers
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Research gaps for the horticultural sector in least developed
countries: Monitoring urgencies and brokering research
EDOUARD LEHMANN, PIETERJAN DE BAUW, LILIAN MURIUKI, ALICE JACQUES,

THOMAS LOPES, MORAG WEBB
COLEAD, Research & Innovation Brokerage, Belgium

The need to transform food systems is ever more pressing. Strategic research is a key
component in this process, but it must be tailored to local contexts and should address
the most pressing needs, particularly in the least developed country (LDC) context.
To improve impact and research uptake, the research process needs to follow a set
of guiding principles including stakeholder engagement, contextualisation, commu-
nication, the development of strategic partnerships, and capacity development. It is
also crucial to direct more effort toward identifying existing technologies that have
the potential to address priorities, but which may have not yet been adapted, imple-
mented, or made affordable/accessible in LDCs. Current gaps between private sector
needs, the dynamic policy landscape, and the (academic) research world remain sig-
nificant, and an impediment for the transformation to more sustainable food systems.
COLEAD is a not-for-profit private sector association consisting of a network of com-
panies, professional organisations and experts committed to inclusive and sustainable
agriculture. It established both a process and monitoring & evaluation system to con-
tinuously track research needs in the LDC horticultural sector, and actively promote
and facilitate research uptake towards ensuring sustainable production, global trade,
and market access.
In this presentation, the Research and Innovation Brokerage department of COLEAD
will outline its current modus operandi and the open access monitoring & evalua-
tion tools in place to address most pressing research gaps. We will demonstrate the
crucial steps of (i) stakeholder engagement; (ii) creating international research link-
ages; (iii) identifying existing technologies; (iv) localising research; (v)meeting inter-
national standards and regulations; (vi) promoting policy dialogue (public, private,
donor); (vii) and facilitating public-private engagement. We will outline the various
monitoring tools developed and used by COLEAD including the AGRINFO system;
producer/company surveys; the Sustainability Self-Assessment System (SAS); Mar-
ket Analytics; and the monitoring of trade data on SPS non-compliances as well as our
main findings and conclusions. Our aim is share information with researchers and
donors on the priority research needs, and facilitate research linkages and partner-
ships in order to address these needs and support the transformation to sustainable
horticulture and trade in the global South.
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Farmers’ willingness to pay for improved vegetable extension
service: The case in northwestern Ethiopia

ERMIAS TESFAYE TEFERI1, TIGIST DAMTEW WORKU2,
SOLOMON BIZUAYEHU WASSIE2, BERND MÜLLER3

1Bahir Dar University, College of Agriculture and Environmental Sciences, Ethiopia
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3Weihenstephan-Triesdorf University of Applied Sciences, HSWT International School,
Germany

Since 2020, TOMATO project has been carried out by Bahir Dar University
in collaboration withWeihenstephan-Triesdof University of Applied Sciences
(HSWT). Through research and education, the initiative seeks to spread ad-
vanced methods and technology for growing vegetables. This article looked
into farmers’willingness to pay for enhanced vegetable extension services. As
the current governmental extension service is mocked for huge inefficiencies,
building a private, responsive, and demand-driven advisory service can play
a vital role in addressing inefficiencies. Therefore, this study examined farm-
ers’willingness to pay for enhanced vegetable extension services. The discrete
choice experiments (DCE) used several choice cards that define the proposed
extension service by varied attribute and attribute levels. The experiment di-
vided the 393 sample houses into three groups, yielding 7074 observations.
The mixed logit model’s result revealed that farmers are more likely to pay
for extension services that emphasise fruity vegetables over other sorts of veg-
etables such as root and leafy. Agronomic management skills were also more
preferred over input-focused one and more hands-on, practical services over
theoretical ones. Farmers are willing to pay 3 fold more money weekly ex-
tension visits than the amount they are willing for a monthly based service.
Similarly, they are five times more willing to pay for fruity vegetables exten-
sion service than the amount they willingly pay for root vegetables. Farmers
are ready to spend three times as much on weekly extension visits as they
are on a monthly basis. In a similar vein, they are ready to spend five times
as much for fruity vegetable extension services as they do for root vegetables.
The results suggest thatmore field-based follow-up andmonitoring should be
included in private extension service models than should be done in offices.
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A political ecology approach for the co-production of
knowledge in living labs

RYAN NEHRING
International Food Policy Research Institute (IFPRI), Natural Resources and Resilience
Strategies Unit, United States

The concept of “co-production” has gained notoriety among academics and
development professionals as anumbrella approach for collaborative research.
Although there are numerous critiques on the ubiquity of the concept, it does
provide a useful way to consider the role of plural knowledges within scien-
tific processes. Existing definitions of co-production are vast and often con-
tradictory. This paper proposes a political ecology framework to be applied to
the concept of co-production of knowledge in applied research on low emis-
sions food systems. Political ecology is an interdisciplinary field that focuses
on the relations of power between nature and society. When applied to the
co-production of knowledge, political ecology offers a framework to situate
plural knowledge systems within the relations of production and within spe-
cific groups of (marginalised) peoples and their relationship to environmen-
tal change. This paper develops a framework to analyse how knowledge is co-
produced between CGIAR researchers and local stakeholders in order to de-
velop innovations for low emissions food systems. The analytical framework
will be applied in two case studies of knowledge co-production: in Nandi
County, Kenya and in the Department of Caquetá in Colombia. These are
two of the four target countries where the CGIAR Research Initiative on Low-
Emissions Food Systems is workingwith food systems stakeholders to collab-
oratively identify and develop innovations. The political ecology framework
for the co-production of knowledge is being developed in conjunction with
this initiative to understand whose knowledge has authority in the regions
and how collaborative relationships can have a long-lasting impact for inclu-
sive development of the food system. This paper outlines the framework and
provides the rationale for qualitative methodologies to be deployed in each of
the two sites for data collection. It offers a practical application of the concept
of “co-production” that is both place-based and adaptable to food systems
context.

Keywords: Co-production, epistemology, food systems, knowledge, living
labs, political ecology
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Farmers’ perception of the effects of interactive training and
on-farm testing of seedball technology for enhancing

adoption: Case of Maradi region, Niger
HYCENTH TIM NDAH1, ANDREA KNIERIM1, HANNATOU MOUSSA2, CHARLES

IKENNA NWANKWO3, LUDGER HERRMANN3
1University of Hohenheim, Dept. of Communication and Advisory Services in Rural
Areas, Germany

2National Institute of Agricultural Research (INRAN), Niger
3University of Hohenheim, Soil Chemistry and Pedology, Germany

Meeting global food needs in the 21st century, require a doubling of the present world
food production by 2050.This challenge is of priority for Sub-Saharan Africa (SSA)
where the level of food insecurity grew over the last two decades. Integrating sus-
tainable Intensification (SI) practices into smallholder agriculture, is recognised as a
crucial component of any strategy, toward meeting this challenge. One such prac-
tice,recently introduced in West African Sahel has been the “seedball” technology. As
a technological innovation, it is an affordable “seed-pelleting” technique that com-
bines indigenous local materials (e.g., sand, loam, water, and seeds) in a gravimetric
ratio to enhance seedling establishment. Aimed at improving small-scale farmers’ pro-
duction ofmillet, a series of consecutive interactive training alongside experimental ac-
tivities on seedball was conductedwithin the SMIL project (https://smil.k-state.edu/)
in the Maradi (Niger).
As part of this project, this study aimed at evaluating Farmers’ perception of the effects
of this technology on i) yield returns, ii) labour cost, iii) financial cost, iv) labour
burden formen vswomen, and v) the number of training received versus expected – as
a result of the training. The studymade use of a standardised structured questionnaire
(as part of a mobile app), to survey 489 farmers across 5 districts in Maradi.
Findings revealed that interactive training created space for general awareness and a
broader understanding of the purpose and the functioning of the technology. Espe-
cially, a positive perception of the effect of technology by farmers is reflected in the ac-
knowledgment of positive yield returns, reduced labour burden, lower financial cost,
and readiness to recommend technology to peers. In addition, most farmers favoured
2–3 training sessions for proper understanding of the technology as opposed to the
one-time training received – an expectation that varied across the 05 districts.
We conclude that levels of comprehension of technology applications differ across the
different districts in Maradi, hence the need for more targeted training. For further
promotion and scaling, farmers suggest the following considerations: producing and
selling seedballs at cheaper rates, introducing a seedball production machine, and us-
ing available production material that can be easily acquired locally.

Keywords: Adoption, interactive training, Maradi-Niger, perception, seedball, sub-
Saharan Africa
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Residue fact sheets for energetic and material use of
agricultural crop residues in Ethiopia

FABIAN-CONSTANTIN SITTARO, SOPHIA BOTHE, JONAS HOFFMANN,
FRIEDERIKE NAEGELI DE TORRES

German Biomass Research Center (DBFZ), Bioenergetic Systems, Germany

Agricultural crop residues such as straw, husks, and leaves provide a rich
source of biomass for energy and material use. In Ethiopia, agriculture is one
of the most important economic sectors and crop residues can play an impor-
tant role in meeting the country’s growing energy needs. However, there is
a lack of comprehensive data and information on the spatial distribution as
well as the energy andmaterial potential of crop residues, which hinders their
efficient use. To address this problem, we have prepared residue fact sheets
for 15 of the most commonly grown crops in Oromia, the largest region in
Ethiopia.
Each fact sheet contains a map showing the distribution of the crop produc-
tion in metric tonnes per square kilometer, based on spatially disaggregated
crop production data from the International Food Policy Research Institute
(IFPRI). The data have been resampled to provide a visual representation of
the availability of crop residues on a regional scale. In addition we included
crop-to-residue factors, which are crucial for estimating the amount of residue
available for use. The fact sheets further compile information and data on the
main crop residues, including chemical parameters and energetic values such
as dry mass, methane potential, and heat value and list the most feasible en-
ergetic and material use cases.
Our work provides a valuable tool for policymakers, researchers and devel-
opment agents to better understand the potential of crop residues in Ethiopia.
The fact sheets can support decision making on the development of sustain-
able bioenergy and biomaterials value chains, contributing to the country’s
socio-economic development and climate change mitigation efforts.

Keywords: Agricultural residues, crop fact sheets, crop production data,
Ethiopia, use cases
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Cultivating integrity: Addressing the impact of predatory
publishing on agricultural research

JOSÉ LUIS URREA-BENÍTEZ, ANNY I. YEDRA-CUBILLOS, STEFAN BURKART
International Center for Tropical Agriculture (CIAT), Trop. Forages Program, Colombia

Predatory publishers (PP) pose a significant threat to the credibility and re-
liability of scientific research, i.e., by allowing the seep of pseudoscience into
scholarly literature. It is critical to keep the highest standards in academic
publishing to ensure that only quality science is published. There is not a
clear pathway for determining if a publisher is predatory, because the lines
are blurred. However, PP often use deceptive tactics to appear legitimate,
such as creating fake impact factors and indexing services. Such tactics cre-
ate a breeding ground for scholars and scientists, who are under pressure to
advance in their careers, which is often based on the number of publications.
However, this is driven by the greed of PP and the more they publish, the
bigger their profit, creating a vicious circle. These practices have led to an
increase in the number of low-quality or even misleading papers being pub-
lished, with significant costs for the credibility of scientific research. PP do not
only have serious impacts on the scientific community but also on environ-
mental sustainability. Agricultural science is no stranger to this phenomenon
with the aggravating circumstance of certain topics with special sensitivity,
such as climate change, GMOs, or use of agricultural inputs. Since articles
published by PP have not undergone rigorous review or do not comply with
scientific standards, their results may mislead other researchers that validate
them as references in their research. Furthermore, these results may be used
by policymakers to make decisions, in the context of implementing agricul-
tural practices, or for creating fake narratives among the public opinion. Agri-
cultural science should lead a change in this stalemate: Authors, the organisa-
tions they belong to, and the funders of their research should be committed to
prevail quality over quantity and protect the integrity of research and the rep-
utation of the academic community by being vigilant in selecting reputable
publishers. It is recommended to review a publisher’s reputation, editorial
policies, and peer-review process before submitting a manuscript. Likewise,
it should be avoided to make hasty, pressure-based decisions on where to
publish that could harm the credibility of research and the scientific commu-
nity.

Keywords: Open access, predatory journals, publish or perish

Contact Address: José Luis Urrea-Benítez, International Center for Tropical Agriculture
(CIAT), Trop. Forages Program, Km 17 Recta Cali-Palmira, 763537 Palmira, Colombia, e-mail:
j.l.urrea@cgiar.org

442 ID 221



Knowledge systems and digitalisation — Posters

Assessing mining disturbance for ecosystem services in
Ouagadougou, Burkina Faso using Landsat data

OUSSAMA HIMMY, THANH THI NGUYEN, YOUNESS BOUBOU, KATHARINA HEMMLER,
SUMAN KUMAR SOURAV, ELLEN HOFFMANN, ANDREAS BUERKERT

University of Kassel, Organic Plant Production and Agroecosyst. Res. in the Tropics
and Subtropics, Germany

Quarries are a type of open pit mines, where construction materials, such as
granite and clay, are extracted from the earth’s surface, leading to a major
disturbance of vegetation and degradation of ecosystem services. In Oua-
gadougou, the capital city of Burkina Faso, quarries are an employment gener-
ator, however, their expansion and uncontrolled extraction practices are rea-
sons of serious concern. Detecting, quantifying, and monitoring the extent of
quarries and their impact over time is challenging due to their often-small size
and irregular shape. Using traditional processing methods of remote sens-
ing data to track the dynamics of quarries is often very time-consuming and
requires high computing resources. In this study, we apply a Google Earth
Engine (GEE)-based technique for binary classification of quarries and non-
quarries using Landsat 9 images of Ouagadougou. Due to varying scales and
patterns of quarries, LandTrendr, a trajectory-based algorithm, was employed
in the time series analysis of Landsat images (1985–2022) to map annual dis-
turbance effects on vegetation and rehabilitation patterns. We hereby aimed
at generating maps of quarries with an overall accuracy higher than 90% in
our analysis of 257 quarries covering an area of 38 km2. The LandTrendr out-
puts allow us to identify the years and magnitude of vegetation disturbance
by quarries, as well as to assess the recovery of vegetation in abandoned quar-
ries. Ground truthing by field work and by analysis of historical aerial pho-
tographs will be conducted to validate the remote sensing results. The study
shows the capability of integrating GEE, Landsat data, and the LandTrendr
algorithm for the effective monitoring of the impacts of quarrying on land
cover, biodiversity, and water resources in Ouagadougou and indicates im-
plementations for regions with similar characteristics.

Keywords: Binary image analysis, land use change, time series analysis,
vegetation degradation
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Digital ethnobiology: Exploring the digisphere in search of
traditional and indigenous knowledge and practices

EMIEL DE MEYER1, MELISSA CEUTERICK2
1Ghent University, Dept. of Plants and Crops, Belgium
2Ghent University, Health and Demographic Research, Belgium

Over the past fewdecades, the scope of ethnobiological research has expanded
due to the influence of globalisation and urbanisation. Advancements in tech-
nology, telecommunications, the internet, and social media have facilitated
the development and maintenance of ties within and between communities
through multifaceted forms of digital communication. As a result, digital or
virtual communities have emerged, providing platforms for sharing knowl-
edge, perspectives, and ideas. In many rural areas, digital networks are now
widespread and robust, with farming cooperatives, smallholder farmer net-
works, and trader networks using networking platforms and forums for com-
munication and knowledge exchange. Similarly, both local and transnational
digital social networks have emerged within and between diverse communi-
ties in urban settings, includingmigrant communities. These digital networks
serve as platforms for sharing ethnobiological data and catalyze its adaptation
to new environments. We emphasise the significance of these virtual digital
social ties and the associated exchange of ethnobiological knowledge among
and between ethnic groups. The latter has led to an expansion of the ethno-
biological field of study into a digital or virtual environment. We propose the
term “digital ethnobiology” to refer to the scientific study of the dynamic rela-
tionships between peoples, biota, and environments in a virtual or digital en-
vironment. Addressing the significance of digital ethnobiological knowledge
exchange offers numerous opportunities for among others, research, develop-
ment, conservation, capacity building, and communication. However, it also
has far-reaching implications for the theoretical approach to ethnobiological
research. We address and discuss opportunities, concerns, challenges, future
perspectives, and raise some relevant questions regarding good research prac-
tices.

Keywords: Digital ethnobiology, digital networks, knowledge systems,
migrant groups, urban ethnobotany
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Video tutorials for agricultural practices: Effective or useless?
RADIP TANDUKAR

University of Hohenheim, Agricultural Economics, Germany
With 2 billion people involved in agriculture and only a handful of extension-
ists to support them, it is critical to explore emerging technologies of knowl-
edge transfer to overcome the limitations of conventional extension systems.
Agriculture video tutorials have emerged as a key tool to share, assist andmo-
tivate farmers to adopt improved cultivation practices but, a systematic explo-
ration of its efficacy compared with conventional approaches is lacking. This
study investigates the potential impact of agricultural video tutorials for rural
farmers by reviewing literature published within the domain of ICT for agri-
culture extension. It also presents considerations to increase the adoption of
video tutorials. We used literature databases and search engines to collect 48
initial papers, out of which 18 were primarily selected. The analysis puts for-
ward the finding that video tutorials are equally effective if not more, to drive
behaviour change against conventional methods. Combination of motion pic-
tures and audio can deliver information effectively overcoming the barriers of
illiteracy amongst farmers. Various internal factors like income level, age, etc.
and, external factors such as language and timing of screening are said to in-
fluence the impact. Video tutorials have higher reachability and replicability.
They should not be used as a substitute but complemented with human me-
diation or other forms of ICT to boost influence and drive behaviour change
among rural farmers. The study opens door for further exploration on inte-
grating video tutorials as a conventional approach of extension and intrigues
research possibilities tackling the adoption and penetration to small holding
farmers in the global south.
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GLEAM-X: An online application to support sustainable
transformation of livestock systems towards lower emissions

DOMINIK WISSER, GIUSEPPE TEMPIO, ALESSANDRA FALCUCCI
Food and Agriculture Organization of the United Nations, Italy

Livestock provide valuable nutritional benefits and supports livelihoods and
the resilience of families and communities. At the same time, livestock sys-
tems are currently responsible for about 11 percent of all anthropogenic emis-
sions and there are concerns about increasing emissions from the sector with
the increased demand for animal products in the future (globally projected
to be around 40 percent by 2050) so that ambitious action is needed to reduce
emissions per unit of product (meat, milk, and eggs) and absolute emissions.
At the same time, consumers are increasingly interested in environmental
footprints related to animal products to make informed food choices.
Designing climate action and providing information for consumers requires
sound, state-of-the-art, scientifically based data at very high level of detail
and this need to easily accessible and should be able to demonstrate how dif-
ferent decisions in livestock production systems impact emissions. Building
on existing tools, we have developed a prototype of GLEAM-X, a web appli-
cation of the Global Livestock Assessment Model (GLEAM) that simulates
emissions from different sources along the entire production chain and for
different gases (CH4, N2O, and CO2). Using projections for demand in an-
imal products, the system simulates future emissions under a business-as-
usual scenario and allows users to simulate the impact of specific interven-
tions (improvement in feed quality, animal health, manuremanagement) and
productivity changes on total emission in the future. The system also gener-
ates UNFCCC compliant reports for emissions that can be used by countries
to assess and report climate action for international commitments (such as
the Paris agreement and the global methane pledge) and thereby support the
transition of the sector towards lower emissions while minimising the envi-
ronmental impacts.

Keywords: Climate change, livestock greenhouse gas emissions, methane,
mitigation
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GeoTree: A participatory digital tool for forest landscape
restoration in the tropics

ANTON EITZINGER1, CHRISTIAN FEIL1, MARIUS EKUE2, FRANCIS ODUOR3,
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4Bioversity International, Multifunctional Landscapes, Italy
Forest landscape restoration (FLR) in the tropics is often undertaken by small-
holders and communities whose livelihoods rely on agriculture and forestry.
While digital technologies can improve efficiency in FLR efforts, socio-technical
barriers often impede the participation of these key actors in the restoration
process. Main barriers are lack of technical infrastructure, access to digi-
tal tools and services, lack of ease of use for non-tech-savvy farmers, and
lack of design targeted for low-literate and marginal groups. Moreover, pre-
cisely because of the transformative momentum of digitalisation, there is a
risk for smallholders to enter the digital divide and power asymmetry gap.
To address this challenge, the Alliance Bioversity International and the In-
ternational Center for Tropical Agriculture have developed the GeoTree ap-
plication, an extension of the GeoFarmer platform. GeoTree offers participa-
tory functionalities, including interactive forms, polls, geospatial features and
maps, and community-driven data collection, which can be integrated into
community channels. The platform has been piloted in Kenya and Cameroon
and tracks and monitors activities along the entire restoration chain, from
seed collection to on-farm tree planting and monitoring of management ac-
tivities and payouts to farmers. While other digital tools focus on monitoring
tree planting for the purpose of carbon offsetting, GeoTree addresses the digi-
tal barriers facing smallholders and communities and enables them to partici-
pate fully in FLR efforts. GeoTree leverages blockchain technology to provide
an integrated planting management process. The system allows gathering
ground-level data with offline encryption and supporting low-internet envi-
ronments and tracing the restoration process to provide transparency, facili-
tate real-time monitoring, evaluation, and verification, and support mobilisa-
tion of sponsors.

Keywords: GeoTree, restoration, tree

Contact Address: Anton Eitzinger, International Center for Tropical Agriculture (CIAT), Cli-
mate Action, Cali, Colombia, e-mail: a.eitzinger@cgiar.org

ID 466 447



Knowledge systems

Technology acceptance model for adopting digital extension
service: A comparative study of riceadvice use in Nigeria
RICO AMOUSSOUHOUI1, AMINOU AROUNA2, MARIJA CERJAK3, JAN BANOUT1

1Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of Sus-
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Digital extension technologies play an important role in agricultural development by
providing adequate solutions to multiple challenges, such as climate change, farm-
ers’ inefficiency, and market information. The increasing growth of digital extension
technologies represents an opportunity to supplement and enhance the traditional ap-
proach. Althoughmany farmers are excited to use digital farming technologies, barri-
ers such as a lack of technology devices (smartphones, internet, electricity, etc.), low
e-literacy, and a lack of technology awareness make adoption challenging. This study
examines rice farmers’ behaviour in relation to a new adoption approach implying
the adoption of ”extension service” using technology. The study examines a treated
group’s behaviour in adopting the new approach as well as a control group’s inten-
tion to adopt it. Primary data were collected on 1562 rice farmers, with 1202 treated
(submitted to a paid extension service proposition) and 360 rice farmers in the con-
trol group (no extension service proposition). We employ an extended version of the
technology acceptancemodel to examine farmers’ behaviour in the two groups. In ad-
dition to the standard construct of the technology acceptance model, we added three
more constructs to analyse farmers’ perception of the proposed ”payment method”,
”the price”, and their ”satisfaction”. To analyse the collected data, we used partial
least square equation modelling. The preliminary results from the field intervention
show that 72.02% of rice farmers accepted the proposed partnership. However, only
44.60% have adopted and paid for the service. Further investigation will assist us in
understanding the reasons for the rejection as well as the behaviour of farmers adopt-
ing a paid partnership. This study is expected to provide experimental evidence on
farmer behaviour when adopting digital extension technology versus the intention to
adopt an unexposed group. The findings will help policymakers and agribusiness in-
vestors design a more sustainable adoption strategy for digital extension technology,
particularly for farmers in developing countries.

Keywords: Digital extension services, Nigeria, rice, technology, traditional extension
approach
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Agriculture and social media: A study of whatsapp use by
livestock value chain actors in Nigeria

LINDA ISUYI, THOMAS DAUM, REGINA BIRNER
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

Agricultural development plays a key role in achieving the SDGs in sub-
Saharan Africa, but farmers and other value chain actors often struggle with
missing and/or missing information and missing market linkages in rural
value chains. Socialmedia –WhatsApp in particular – can enable cheaper and
better ways of disseminating information and new ways of integrating stake-
holders into agricultural value chains. The study has two main goals. First,
based on 196 interviews with actors in the dairy, pig and broiler value chains,
we examine the use of social media platforms by actors in the livestock value
chain in relation to other smart technologies. Second, we analyse the potential
ofWhatsApp to overcome some information andmarketing bottlenecks in the
abovementioned value chain. To do this, we analysed unique data from seven
WhatsApp groups created by actors in the livestock value chain in Oyo State,
Nigeria using content analytics. The results show that social media is already
being used in agricultural value chains, but the usage rate is relatively low
compared to other smart technologies due to a lack of courage to post online
and a lack of understanding of how the platformworks. Findings also showed
that WhatsApp groups provided a safe space to show support and solidarity,
connect, discuss, learn and share knowledge, information and experiences
about farm animals with each other and with experts. However, there are
concerns about the credibility, reliability and applicability of the information
shared on this platform. The study concludes that social media platforms can
play an important role in overcoming information asymmetries and missing
market linkage pitfalls among others but have not yet been fully integrated
into public agriculture extension. It is therefore imperative to prioritise social
media platforms like WhatsApp in agriculture, especially in livestock value
chains, by including them in the public extension portfolio, while considering
the barriers to social media usage.

Keywords: Agriculture, livestock value chains, Nigeria, social media,
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Factors affecting the acceptance of social networks as an
educational resource by farmers: A study of farmers in

southern Iran
KHADIJEH SOLEIMANI1, BAHMAN KHOSRAVIPOUR1, MASOUD YAZDANPANAH1,
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1Agricultural Sciences and Natural Resources University of Khuzestan, Dept. of Agri-
cultural Extension and Education, Iran

2Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SusLAND), Germany

Global changes caused by climate change and its destructive effects on the
agricultural sector, such aswater scarcity, reduction of crop yields, and threats
to food security, have doubled the importance of increasing the adaptability of
farmers. Farmers’ access to up-to-date information and appropriate training
is necessary and essential to deal with the phenomenon of climate change,
which is limited in most developing countries due to the lack of resources,
manpower, and appropriate infrastructure. The tremendous progress and
high capabilities of information and communication technologies have led to
the use of these technologies, including online social networks, as an impor-
tant tool and source for educating, training, and informing farmers regarding
climate change. If the farmers accept these social networks and use them,
they can increase their ability to adapt and cope with climate change and be
considered a useful solution .
Therefore, knowing the views and tendencies of farmers in using these so-
cial networks is the first step for proper policy-making in this direction. This
research aims to investigate farmers’ willingness in southwestern Iran to use
social networks as a resource and educational tool to adapt to climate change.
To achieve this goal, the technology acceptance model was used in a cross-
sectional survey of a sample of 377 farmers. The structural equation model
results showed that the perception of usefulness, ease, and attitude variables
can explain 24% of farmers’ intentions. Based on the results of this research,
suitable implication policies were presented to increase the use of these net-
works among the farmers of southwest Iran.
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Digitalisation of agricultural knowledge providers: C ase
study of Fars agriculture organisation in Iran
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1Agricultural Sciences and Natural Resources University of Khuzestan, Dept. of Agri-
cultural Extension and Education, Iran

2University of Florida, Dept. of Agricultural Education andCommunication, United States
3International Institute for Applied Systems Analysis, Cooperation and Transformative
Group, Austria

4University of Georgia, ALEC, United States
Digitalisation makes significant changes in the structure, operation, and management
of agriculture, among these changes, we can mention the transformation of organisa-
tional identity into digital identity. The changes made in the organisational identity
are analysed based on four components: the speed of change, the nature of change,
the source or motivation of change, and the context of changes among knowledge
providerswho are the specialists and experts of the organisation. The researchmethod
of this paper was qualitative and in the form of a case study. The studied case was
the Agricultural Organisation of Fars Province, which is one of the top provinces us-
ing digital agriculture and, is important in Iran’s agricultural production. This or-
ganisation has nine managers, and semi-structured interviews were conducted with 7
managers (It includes the coordination management of agricultural extension, water
and soil, fisheries and aquatics, processing and food industries, and vice president of
plant production improvement (which includes management of plant conservation,
horticulture, and mechanised agricultural technologies). Surveys show that there are
different perceptions of digitalisation among these knowledge providers, but they all
agreed that in terms of speed of changes; digitalisation in this organisation started at a
slow speed and has intensified over time and in the face of the coronavirus. In such a
way that it can be said that almost all intra-organisational and inter-organisationalmat-
ters are being done automatically (such as administrative correspondence platforms
and virtual training). In terms of the nature of changes; these changes have beenmade
with a long time horizon and the organisation is gradually and continuously chang-
ing. In terms of source and motivation; in some cases, the origin of these changes has
been from the organisation itself (such as the panjareh; the digital system for organis-
ing food industry license applicants), in some cases, policymakers have ordered it to
organisations (such as the zoning system). In terms of the context of changes; the Fars
Agricultural Organisation is regarded as one of the leading organisations in the use of
innovations and technologies. Therefore, the integration and acceptance of new and
old methods of this organisation will be done well.

Keywords: Agriculture organisations, digital identity, digital transformation, Fars
province, knowledge providers
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Analysis of dairy farmer’s willingness to pay for targeted
extension and advisory services in Kenya
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The dairy subsector plays a crucial role in the Kenyan economy, contributing to em-
ployment, food security, and agricultural productivity through manure provision.
With approximately twomillion Kenyans relying on the dairy industry for their liveli-
hoods, the sector has experienced consistent growth, driven by increased demand
for value-added products, commercialisation, and adoption of zero-grazing practices.
The growingdomestic population and in the region coupledwith the increasingmiddle-
income class offers an even more promising future for the dairy industry in Kenya.
However, despite this growth, dairy farmers often struggle to achieve profitability,
facing challenges such as low milk productivity and high production costs. To en-
hance productivity, the adoption of new technologies and management practices is
essential. Extension and advisory services are crucial in facilitating technology adop-
tion among smallholder dairy farmers, empowered and well-informed farmers em-
brace innovation. Traditionally, the government has provided extension services, but
the system has faced challenges, including an unsustainable ratio of government per-
sonnel to farmers, leading to criticism of its effectiveness and insufficiency. In response
to these shortcomings, private extension and advisory services have emerged in the
dairy sector, offering targeted and responsive support to farmers.
This study aims to estimate dairy farmers’ willingness to pay for targeted private ex-
tension and advisory services in Nandi County using a discrete choice experiment,
Kenya. The specific objectives are (1) to determine the socioeconomic and institutional
factors of dairy farmers in Nandi County, (2) to establish the highest price farmers
are willing to pay for targeted extension and advisory services, and (3) to identify the
factors influencing farmers’ willingness to pay. Employing a quasi-experimental de-
sign, the study compares the differences in willingness to pay between participants
and non-participants of targeted extension services. A purposive sampling approach
will be used to select pre-existing groups, and equal sample sizes will be allocated
to participants and non-participants through random selection. Primary data will be
collected from Lessos Dairy in Nandi County, with approximately 240 respondents.
Descriptive analysis, discrete choice analysis, and a probit model will be employed to
analyze the objectives. The study’s findings will provide valuable insights for poli-
cymakers considering the use of dairy farmer assistants to deliver targeted extension
and advisory services.
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Competing pathways for equitable food systems
transformation: Trade-offs and synergies
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HARDAWAY3, ATHANASIOS YANNACOPOULOS1, GEORGE PAPAGIANNIS1,

ALEXANDRA IOANNOU4, CHRYSI LASPIDOU4

1Athens University of Economics and Business, Dept. of International & European
Economic Studies, Greece

2University of Thessaly, Dept. of Economics, Greece
3Purdue University, United States
4University of Thessaly, Civil Engineering Department, Greece

Food security remains one of the main challenges within the UN 2030 agenda
and global imbalances have been exacerbated by theCOVID-19 pandemic and
the recent energy crisis. Ensuring the functionality equitable food systems
which leave no one behind whilst abiding to the climate targets set by the EU
“Fit for 55” package and fulfiling national commitments enshrined in the EU
Climate Law and the Greek Climate Law poses a pivotal policy and societal
challenge forGreece in the coming years. Using an interdisciplinary approach
to measure ecosystem services is instrumental in the calibration of shared so-
cioeconomic pathways (SSPs) as their role in shaping natural capital directly
affects land productivity and food produce both in terms of quantity as well
as quality.
Having said that, we assess implications for food security considering the ef-
fect of improved ecosystem services on the quantity and quality of food pro-
duction and the demand-side effect of a dietary shift to healthier standards
in Greece. In doing so, we develop three scenarios, namely (i) business-as-
usual until 2050, (ii) enhancement of ecosystem services and (iii) shift to-
wards aMediterranean diet. In addition, we evaluate the synergies and trade-
offs among scenarios (ii) and (iii). For each scenario we model alternative
specifications regarding population projections, caloric intake and crop pro-
ductivity. We applied the FABLE calculator (Food, Agriculture, Biodiversity,
Land use and Energy) to assess the evolution of the Greek food and land-use
system from 2000 to 2050, as well as the impacts of these scenarios on GHG
emissions, biodiversity targets and water footprints
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Effect of information on farmers’ preferences for disaster risk
reduction measures: Evidence from a discrete choice

experiment in western Uganda
RODGERS MUTYEBERE1, IRIS VANERMEN2, CLOVIS KABASEKE1, LIESBET VRANKEN2

1Mountains of the Moon University, Uganda
2KU Leuven, Dept. of Earth and Environmental Sciences, Belgium

Disaster risks associated with landslides and floods severely affect farmers
causingmortality, morbidity, and destruction of farms and farmlands thereby
devastating livelihoods. By degrading fragile ecosystems on the steep slopes
of high mountains through local farming practices, farmers also contribute to
increased exposure to disasters, thus, they need to lead the implantation of
disaster risk reduction (DRR)measures. However, it is not knownwhat char-
acteristics (attributes) of tree planting and/or diversion channels do farmers
prefer to apply these DRR measures on their land, and how the information
provided might alter such preferences. A discrete choice experiment (DCE)
involving 319 households in western Uganda, a region prone to landslides
and floods was conducted to investigate farmers’ preferences. A between-
subject design was used to provide information on the DRR measure in a
video to investigate how information altered farmers’ preferences. Initial anal-
ysis using a generalised multinomial logit model reveals a general preference
for DRR measures with higher erosion risk reduction. Moreover, a moderate
effect of information on preferences for more risk-reducing levels of attributes
of tree planting was found, while the information effect on preferences for
diversion channels was limited. Based on plot characteristics, in both tree
planting and diversion channels, the information treatment effect was larger
on larger plots, plots on steep slopes, plots at risk of landslides or floods, and
plots that already have some DRR measures. Findings from this study pro-
vide us with key policy lessons in that government and other relevant bodies
should provide more information on tree planting ex-ante to shape the farm-
ers’ preferences before embarking on breeding and supplying tree seedlings.
This would reduce the problem of just dumping the seedlings to farmers with
fewer (without) preferred attributes which might explain poor adoption be-
haviour for these measures.

Keywords: Disaster risks, discrete choice experiment, generalised multino-
mial logit, landslides and floods, preferences
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Designing a framework for transferring climate information
to non-experts (based on narrative communication and

storytelling)
DAVOUD ROUZANEH1, MASOUD YAZDANPANAH1, STEFAN SIEBER2,3,
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Despite the scientific consensus about climate change and its devastating effects on
Earth, public perception has resisted some of the most important scientific indica-
tions of climate change. The skepticism and indifference of the target communities
create significant barriers to the effectiveness of policies, which has made it neces-
sary to reexamine strategies for communicating science to the public audience. There
are two types of communication including scientific-logical communication and nar-
rative communication in literature, which are most used in the design of scientific
information transmission frameworks based on scientific-logical communication. In
recent years, researchers have paid attention to and studied narrative communication
and storytelling as an effective form of scientific communication. By organising in-
formation in a way that is more understandable for human cognition, narratives help
people to better understanding information and communicate with them. Research
has shown that narratives are easier for non-experts to understand and audience find
themmore engaging than logical-scientific communications. Stories andnarratives are
a simple way for people to understand and understand information, which improves
the acquisition andmaintenance of information and encourages people to change their
beliefs, attitudes, and behaviours. In the transfer of science to non-specialist audience,
stories, andnarratives are not onlymore appropriate but alsomore effective than scien-
tific reports, which can increase understanding, interest, and interaction. Researchers
believe that logical-scientific and narrative communication are not only opposite forms
of communication, but as two distinct cognitive paths of understanding and recogni-
tion, they have the potential to combine to achieve defined goals, especially in the field
of awareness-raising in relation to climate change. Scientific professionals can help
people better understanding, accept, and discuss climate change information by com-
bining recent findings with narrative science. This study tries to help design a climate
information transfer framework for non-expert users in areas with poor educational
infrastructure by reviewing the systematic research literature using the content anal-
ysis method.

Keywords: Climate change, information transfer, narrative communication
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Impact of agroecological practices on farm performance in
Botswana

GIDEON DANSO-ABBEAM1, OBAKENG TEVIN SELELO2, ABIODUN A. OGUNDEJI1
1University of the Free State, DiMTEC, South Africa
2University of the Free State, Dept. of Agricultural Economics, South Africa

Although agroecological techniques can help farmers establish sustainable
agri-food systems, adoption of these practices is low, and evidence of their
impact on farm performance is inadequate. Using data from 308 vegetable
farmers at the farm level, this study assesses the adoption of agroecological
practices and their effect on farm performance across four administrative dis-
tricts of Botswana. The multivariate probit (MVP) model was used to under-
stand the complementarity and/or substitutability of the key agroecological
practices under consideration – mulching, cover cropping, afforestation, and
minimum tillage, as well as their determinants. In addition, the direct-two
stage least square (direct−2sls) within the framework of instrumental vari-
able treatment effect regression (ivtreatreg) was used to get rid of any self-
selection bias that might be present due to observed and unobserved char-
acteristics. The findings revealed that cover cropping and minimum tillage,
cover cropping and mulching, as well as minimum tillage and afforestation,
were used as complementary agroecological practices by vegetable farmers
in the study area. However, afforestation and mulching, as well as minimum
tillage and mulching, were used as substitutes. Farmers’ decisions to practice
these agroecological practices were influenced by a variety of socioeconomic,
institutional, and farm-specific factors. Furthermore, the adoption of agroe-
cological practices resulted in a significant increase in farmers’ net revenue
and yield (indicators of farm performance), and farmers who did not adopt
any of the practices would have been better off if they had. Thus, adopting at
least one of the agroecological practices increased the adopters’ yield and net
farm revenue by 29.8% and 15.3%, respectively, over what they would have
obtained if they did not adopt. If non-adopters had adopted, their yield and
net farm revenue would have increased by 31.6% and 14.7%, respectively.
These findings have significant implications for stakeholders and will boost
the campaign for the adoption of agroecological practices to improve farm
performance and, consequently, farmers’ welfare.
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Missing middle in agri-food transitions: The case of safe food
supplying in Vietnam

QUOC NGUYEN-MINH1, PETER OOSTERVEER1, INGE BROUWER2, RICARDO
HERNANDEZ3, MAJA A. SLINGERLAND4
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In agri-food systems, theMissingMiddle can be understood as the disconnect between
food production, distribution, and consumption, or between global agendas and local
practices that hinder the progress towards achieving sustainability goals. This is man-
ifest in many low andmiddle-income countries (LMICs) when the national policies of
promoting food safety andmodernisation can have potentialmisalignmentswith local
implementation practices. The study explored the case of fresh vegetables and pork
in Vietnam to illustrate the concept. The two commodity chains have essential roles
in ensuring nutritional security and smallholder income, but both are grappling with
persistent food safety issues. We adopted the social practice theory (SPT) and transi-
tion theory to zoom in and zoom out on the dynamics within different components of
food systems and the interactions between those dynamics. The research is based on a
scoping review of relevant documents and semi-structured interviews with agri-food
actors along the supply chains. The results show how both supply chains are transi-
tioning in seemingly different pathways to achieve the shared goal of improving food
safety. For vegetables, small-scale producers remain the dominant actors, but their
practices are shifting towards using more biopesticides and traditional eco-friendly
approaches for crop protection and soil cultivation. Meanwhile, pork smallholders
are upscaling their facilities and practices to enhance biosecurity, under strong com-
petitive pressures from the rapidly growing large-scale and modern pork production.
Hence, the two supply chains are struggling with different challenges, from labour
shortage and the reduction of farmland for vegetables to high input prices, small-
holder inclusiveness, and growing threats of disease outbreaks for pork. But we iden-
tified a shared ‘Missing Middle’ in both cases: the fragmentation within food supply
networks, leading to difficulties to upscale safe and sustainable solutions and the ero-
sion of consumer trust. This requires a more system-based approach to bridge the
production-consumption disconnect in two cases, along with specific interventions to
address different lock-ins and promote good practices along each supply chain.

Keywords: Agri-food transitions, food safety, food systems, missing middle, pork,
vegetables
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Innovation scaling for equitable food systems
transformation: Introducing an innovation bundle profiling

tool to enhance scalability
MIRJA MICHALSCHECK1, MULUKEN ELIAS ADAMSEGED2, FEDERICO

CEBALLOS-SIERRA3, MINH THAI4, PETRA SCHMITTER4
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4International Water Management Institute (IWMI), Sustainable and Resilient Food
Production Systems, Myanmar

While growth and innovations in the food sector have improved food security and
livelihoods, food systems have strained natural resources and gains made were not
necessarily equal amongst actors and farmers. The CGIAR Rethinking Food Markets
Initiative aims to provide evidence on what types of bundled innovations, incentive
structures and policies aremost effective for creatingmore equitable sharing of income
and employment opportunities, while reducing the food sector’s environmental foot-
print. Scoping studies on food system innovations were conducted in seven countries
(Ethiopia, Nigeria, Uganda, Bangladesh, Uzbekistan, Honduras and Guatemala) and
combined with participatory workshops to co-design innovation bundles and inter-
ventions. This led to the development of an innovation bundle profiling tool which
allows research teams to capture information on bundle components and character-
istics, the bundling process, and to identify potential scaling pathways for enhancing
impact. The tool was piloted inHonduras for an innovative commercialisation scheme
to increase coffee quality and prices. The results provided a detailed overview of re-
quired actor relationships and resources for bundle testing and scaling; a market-led
scaling strategy for the bundle, in which research for development plays a partnering
role, supporting scaling actors with evidence on impacts. As part of adaptivemanage-
ment and process tracing, the profile entries shall be revised regularly to reflect novel
insights and adjusted strategies. The profiling tool is applicable to any innovation
bundle aimed at transforming food systems. The openly accessible tool is modular
and user friendly. It is useful for researchers who are in the stage of developing or
refining an innovation bundle as well as those who want to prepare for or reflect on
their scaling success or failure. The profiling tool serves to enhance innovation bundle
scalability, constituting an important catalyst for food systems transformation.

Keywords: CGIAR, co-design, coffee, Honduras, market-led scaling, process tracing,
R4D, value chains
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The contingent interplay between resources,
entrepreneurship, and agribusiness performance among

small-scale agri-food actors
AYOBAMI ADETOYINBO1, RHETT HARRISON2, DAGMAR MITHÖFER1

1Humboldt-Universität zu Berlin, Thaer-Institute of Agricultural and Horticultural Sci.
- Agricultural Economics, Germany

2World Agroforestry, Zambia

Strategic entrepreneurship is essential for business continuity, economic development,
and poverty alleviation. Yet, smallholders such as farmers and traders in sub-Saharan
Africa (SSA) display low levels of entrepreneurship and performance because they
participate in agri-food segments with unstable business environments and inade-
quate resources. With theoretical and empirical perspectives on entrepreneurial be-
haviour and success being fragmented and inconsistent and empirical studies about
entrepreneurship among small-scale agri-food actors notably scarce in SSA, there is
a dearth of knowledge regarding how resources and entrepreneurship contribute to
smallholders’ business performance in different agribusiness situations. This study
analyses the influence of entrepreneurship on the resource-based performance of ru-
ral farmers and traders in unstable business situations. We propose an innovative
conceptual framework based on resource orchestration, entrepreneurial orientation
(EO), and contingency theory. Multi-tier data obtained from 708 farming households
and 639 fruit and vegetable traders in Zambia were analysed using structural equa-
tion models comprising mediation-moderation analysis. The results show that finan-
cial, physical, and social resources are positively related to farmers’ and traders’ EO,
which in turn, mediates the effects of their resource portfolios on business perfor-
mance. Findings from themoderation analyses, however, point to amismatch in farm-
ers’ and traders’ entrepreneurial behaviour and success in different business environ-
ments. As farmers’ entrepreneurial success (i.e. EO-performance link) is moderated
by contingency factors such as power asymmetry, competition, and tighter supplier-
buyer relations, traders’ entrepreneurial behaviour (i.e. resource-EO link) is moder-
ated by business environments, such as trust, competition, and tighter supplier-buyer
relations. The study’s originality is found in the proposed conceptual framework, as
well as its ground-breaking multi-tier empirical insight on how small-scale farmers
and traders pool their resources to develop entrepreneurial capability, which they, in
turn, use to maximise business performance in ambiguous business conditions. This
study raises and discusses several theoretical, practical, and policy implications.

Keywords: Africa, agri-food actors, business performance, contingency theory,
entrepreneurial orientation, resource orchestration theory
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Analysis of the specialty cocoa value chain in Huila,
Colombia

HERIZO MICHA FOURNIER1, CÉSAR GARCÍA MORALES2, INGRID FROMM1

1Bern University of Applied Sciences, School of Agricultural, Forest and Food Sciences
(HAFL), Switzerland

2Swisscontact Colombia, Expertise of specialty cocoa value chains, Colombia

Colombia is a country with a high potential to produce specialty cocoa, but with low
export volumes compared to regular cocoa. To enhance the potential of cocoa exports,
the Cacao Más Sostenible projects aim at supporting cocoa farmers in Huila, the 5th
largest exporter of fine flavour cocoa worldwide. The goal of this study is to anal-
yse trends in specialty cocoa in the European and Swiss markets and the upstream
potential of the cocoa value chain in Huila: nurseries, cocoa farmers, and producer
associations. The methods used were literature research and quantitative and quali-
tative research, including stakeholder interviews and farmer surveys. European mar-
kets, especially the Swiss market, are showing great interest in the trade of sustainable
specialty cocoa. Organic and Fairtrade certifications are important for targeting this
specific niche market. Results indicate that nurseries have good production capacities
but gaps in traceability due to a lack of formality. Good agricultural practices (GAP)
could be adopted to overcome it. Most cocoa farmers do not fill all GAP. Smaller
farms have more sustainable practices than larger ones. GAPs identified are the use
of organic fertilizers and mechanical weeding whereas practices which still need to
be improved are the use of chemical fertilizers, fungicides, and insecticides. The as-
sessment of sustainable practices at the farm level indicates that there are weaknesses
which need to be improved. As for the producer associations, no sustainable environ-
mental practices could be identified, only social sustainability practices such as gender
equity that is mostly respected through the integration of women on the boards of di-
rectors. In terms of integration into the European and Swiss markets, there are still
gaps in terms of the necessary formalities to follow food safety, traceability, and hy-
giene protocols. It is important to highlight that there are common problems in the
farmer and association segments: the ageing of cocoa farmers and the low number of
young people willing to continue farming, climate change is another factor affecting
production. There is a need to anticipate the repercussions by developing varieties
adapted to climate change, pests and with specialty cocoa organoleptic profiles.

Keywords: Colombia, good agricultural practices, specialty cocoa, sustainability, value
chain
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Maize farmers’ willingness to pay for agricultural insurance
in the Plateau region of Togo
YAO MARIUS KPANI, MIKÉMINA PILO

University of Kara, Lab. of Economics and Management Sciences, Togo

Maize producers in Togo experience significant losses due to unpredictable
rainfall, floods, pest attacks, and technical failures, leading to increased vul-
nerability and reluctance to invest in production-enhancing technologies. Lim-
ited access to financing further exacerbates food insecurity and accelerates in-
come reduction. Recent research support that agricultural insurance can help
towithstand these adverse effects. However, the financing of the implementa-
tion of these risks’ management mechanisms still challenging. Thus, in order
to trigger the establishment of agricultural insurance, this study investigates
the perception of maize producers in the Plateau region regarding agricul-
tural insurance, assess their willingness to pay (WTP) for such services, and
identify factors influencing theirWTP. Data collected from 385maize produc-
ers were analysed using Heckman’s two-stage selection model. The majority
of producers were male and viewed agricultural insurance positively. 80%
of respondents expressed a relatively high willingness to subscribe, with an
average WTP of 9155 FCFA ($15.25). Factors influencing their WTP include
membership in a farmers’ organisation, access to credit, information about
agricultural insurance, and perception of insurance. Demographic and so-
cioeconomic factors, such as age, education level, use of mineral fertiliser, in-
come, and other income sources, further explain the amounts they are willing
to pay for such insurance services.
Despite the strong desire of producers to adhere to the agricultural insurance
project, the development of agricultural insurance must be coupled with ac-
tions to make resistant varieties available, to make production inputs (fertilis-
ers, seeds, etc.) available in a timely manner, to organise producers into co-
operatives and to strengthen their technical supervision, aswell as to adopt an
inclusive and iterative approach to be implementedwithin amulti-stakeholder
framework brought together around a body for the implementation of agri-
cultural insurance.

Keywords: Agricultural insurance, risk, Togo, willingness to pay
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Youth entrepreneurship success: A case study of food
processing enterprises in Ghana

BERNARD KWAMENA COBBINA ESSEL, MIROSLAVA BAVOROVÁ, AYAT ULLAH,
SYLVESTER AMOAKO AGYEMANG

Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences - Dept. of
Economics and Development, Czech Republic

Youth entrepreneurship has received considerable support inGhana, butmost
enterprises, especially those started by young people, still have low success
rates. This study aims to map youth entrepreneurs in the food sector and ex-
amine the determinants of profit and employment in youth-ownedmicro and
small food processing enterprises in Ghana. Quantitative and qualitative data
were collected through face-to-face interviews with 244 young food proces-
sors from three regions of Ghana in 2021. The results show that youngwomen
(82%) run most of the businesses, and most operators (50%) are highly ed-
ucated. The average age of the enterprises was four years, while eight differ-
ent food categories were processed. Female entrepreneurs dominate starchy
food production (13%), while the fruit and vegetable sector is dominated by
male entrepreneurs. Ordinary least squares (OLS) regression results show
that previous experience in a similar business, membership of a business as-
sociation, age of the entrepreneur and having a mentor are positively corre-
lated with profit. Access to credit from an institution and being located in the
Ashanti region were negatively correlated with profit. Furthermore, access to
training, having a business partner, the age of the entrepreneur and being in
an urban area have a positive effect on job creation, while access to credit, be-
ing in theAshanti region and beingmale have a negative effect on job creation.
The study concludes that the provision of mentors, support for membership
of business associations and training through youth entrepreneurship pro-
grammeswill improve the success of food-basedmicro and small enterprises.

Keywords: Entrepreneurs, food processing, Ghana, micro-enterprises, youth
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Market potential for new hybrid forages for East Africa
JOHN JAIRO JUNCA PAREDES, JESÚS FERNANDO FLOREZ, KAREN ENCISO, LUIS

MIGUEL HERNANDEZ, NATALIA TRIANA-ANGEL, STEFAN BURKART
The Alliance of Bioversity International and CIAT, Trop. Forages Program, Colombia

Dairy production is the main livestock activity in East Africa and provides
food security and income to the poorest families in the region. Especially
in the drier areas of East Africa, however, the availability of space for dairy
farming is limited, leading to pressure for finding alternatives that help max-
imise its use. Cut-and-carry forages are one such solution, but the commonly
used forages in these systems are generally of low quality making it diffi-
cult to fully cover the nutritional needs of the animals. Improved forages
have shown to be good alternatives for increasing both quantity and quality
of feeds in cut-and-carry systems and improving the adaptability to climate
change. With the purpose of promoting the sustainability of livestock farm-
ing in the region, CIAT has been developing interspecific hybrids of Urochloa,
which are on the market since more than a decade, and is also developing
hybrids of Megathyrsus maximus adapted to the local productive and envi-
ronmental conditions. The objective of this document is to estimate the po-
tential markets for new hybrids of these two species in East Africa. With data
from secondary sources, GIS studies of geographic environments, seed price
databases, and expert consultation, we calculated the size of these potential
markets (in ha) and estimated their potential values (in US$). The results in-
dicate a regional market for new interspecific Urochloa hybrids of 352,158 ha
with a value of US$ 62,479,997. The main markets are Ethiopia, Tanzania,
and Kenya, which make up 83% of the total market. The potential market for
Megathyrsus maximus hybrids is 494,471 ha with a value of US$ 94,648,595.
South Sudan, Ethiopia and Tanzania hold a share of 71.63% in this market.
These figures show significant possibilities for the development of a more so-
phisticated forage hybrid seed system in the region. However, it is necessary
to combine this with a favourable environment for adoption. Adequate in-
formation systems, seed marketing facilities, and continuous monitoring by
extension services are essential for producers to adopt these technologies.

Keywords: Food security, forage hybrids, Megathyrsus maximus, potential
markets, sustainability, Urochloa
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Striking the right balance between quality and cost: An
analysis of productivity and profitability of value chains of

third-wave and non-third-wave coffee smallholders in
Central Java, Indonesia

EVI MARIANA, BENTE CASTRO-CAMPOS
Justus-Liebig University of Giessen, Inst. of Agricultural Policy and Market Research,
Germany

In 2002 the terminology of third-wave coffee value chain was coined, intro-
ducing a new organisational structure between coffee producers, roasters,
and consumers. The third-wave coffee value chain has seen the emergence
of local micro-coffee roasters working directly with smallholder farmers with
a vision to offer fairer prices to smallholders and encourage them to improve
their coffee quality. However, there is little research on whether third-wave
smallholders actually benefit from higher income compared to smallholders
who are not part of the third-wave. This study compares the productivity and
profitability of coffee smallholders belonging to the third-wave coffee value
chain with those belonging to the general value chain. We interviewed a to-
tal of 114 Robusta smallholders and 112 Arabica smallholders in Central Java
Province, Indonesia in 2021 and 2022, to gain a better understanding of this
situation. The data collection included the profile of the coffee farm, the costs
of coffee production, and the revenue for the years of 2020 and 2021. The
comparison of the farm profile and productivity between the smallholders
in the third-wave and those not in the third-wave shows that only the sell-
ing price for cherries and green beans are statistically significantly higher
for smallholders producing for the third-wave due to the higher quality re-
quirements. In terms of profitability, the analysis shows that third-wave Ro-
busta smallholders generate less profit than non third-wave smallholders in
2020, but more profit than non third-wave smallholders in 2021, suggesting
that production costs for higher quality requirements are not necessarily off-
set by higher prices. However, third-wave Arabica smallholders make more
profit than non third-wave smallholders in both 2020 and 2021, suggesting
that higher production costs are offset by higher prices. The difference be-
tween Robusta and Arabica can be explained by the fact that Robusta gener-
ally has lower quality requirements and is less suitable for the third-wave, and
that the market price of Robusta is usually lower than the price of Arabica.
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Sustainability and added value in agribusiness production
chains: The poultry case

VALQUÍRIA DUARTE VIEIRA RODRIGUES1, ALCIDO ELENOR WANDER2,
FABRICIA DA SILVA ROSA3, LUIZ PAULO DE OLIVEIRA SILVA4

1Federal University of Goiás, Law College, Brazil
2Brazilian Agricultural Research Corporation (EMBRAPA), Brazil
3Federal University of Santa Catarina (UFSC), Brazil
4Ministry of Regional Development, Brazil

This paper aims to analyse the environmental management of sustainable food sys-
tems and how this activity has been modifying land use in the poultry production
chain. It represents a case study of the poultry value chain in the Brazilian state of
Goiás. The studied chain is represented by 13 business organisations, 230 farms, and
816 broiler houses. The exploratory and qualitative investigation involved data collec-
tion from primary and secondary sources and applying a questionnaire at all consid-
ered chain levels. Forestmanagement practices, waste generation, water resources, en-
ergy and emissions, and environmental management accounting were analysed at the
chain levels. The study considered those practices from the integrating company and
its business units and integrated poultry farms. Themain results demonstrate that it is
necessary to think about water resources and land use to expand and develop sustain-
able agrifood systems. Regarding the poultry value chain, there is a direct relationship
between freshwater availability and poultry production. In this regard, environmental
management is a powerful ally to consider in strategies and practices aimed at miti-
gating the impacts of the activity and the climate adaptation process of production
systems. Among the driving factors for adopting environmental accounting systems
are the growing demand from consumers for providers of goods whose impacts gen-
erated in the supply chain, production, storage, transportation and commercialisation
are duly quantified and disclosed. It is concluded that this research contributes to
the development of environmental management practices aligned with the Brazilian
agricultural business strategy and the management of natural resources, such as wa-
ter and land use. Thus, future research can address the influence of these water and
land resources on sustainability and competitiveness in the productive chain of poul-
try production, as well as in diverse chains aimed at agribusiness, agrifood chains and
different manufacturing activities.
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Causes and determinants of post-harvest milk losses among
milk producers in Tanzania

CHARLES BYALUGABA LUGAMARA1, JUSTIN KALISTI URASSA2,
GOODLUCK DASTAN MASSAWE2

1Sokoine University of Agriculture, Dept. of Developm. and Strategic Studies, Tanzania
2Sokoine University of Agriculture, Dept. of Policy, Planning and Managm., Tanzania

Tanzania’s population increased from 44.9 million people in 2012 to 61.9 mil-
lion people in 2022 and it is further projected to be 151.3 million in 2050. The
projected population growth demands collaborative efforts to increase pro-
duction and minimise food losses to meet the increasing demand for food,
dairy products included. Despite the Tanzanian government’s policies, strate-
gies and programmes aimed at increasing production, milk processing and
marketing infrastructures for milk and milk products are still weak. Over-
all milk losses continue to be substantially high. This paper evaluates the
causes and determinants of post-harvest milk losses at the milk producers
node (households and farms) of Tanzania’s milk value chain. Data were col-
lected from 370 household heads and 38 farm managers in both the dry and
rain/wet seasons. Generally, study findings show that spillage, spoilage and
contamination were the main causes of milk losses at each stage of milk han-
dling (milking, collection, storage and transport to market). In addition, a
multilevel mixed effects generalised linear model results show the existence
of significant relations between husbandry practices, socio-economic factors,
geographical locations, season of production, milk handling facilities, storage
facilities, transport means and post-harvest milk losses. Furthermore, mar-
ket availability, membership to an association and education on post-harvest
losses was observed to influence post-harvest milk losses. Therefore, the Tan-
zanian government should improve extension services to impact knowledge
on milk handling practices and milk marketing. In addition, it should im-
prove public infrastructures for easier milk collection, storage and transporta-
tion. Strategies or actions targeting to minimise post-harvest milk losses can
reduce dependency of Tanzania on milk imports.
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Complying with the voluntary sustainability standard:
How ready are Thai sugarcane farmers?

NOPASOM SINPHURMSUKSKUL
Kasetsart University, Dept. of Agricultural and Resource Economics, Thailand

In recent years, voluntary sustainability standards (VSS), such as Bonsucro,
have gained increased recognition among stakeholders in the global sugar-
cane supply chain. This is because responsible sugarcane production is in-
creasingly being called for by the market. However, the adoption of the Bon-
sucro standard in Thailand, the third-largest exporter of raw sugar, has been
rather slow, with only a small fraction of sugarcane farms in Thailand being
certified. For this reason, it is necessary to understand the challenges that
Thai sugarcane farmers face when it comes to adopting sustainable practices.
To this end, 200 cane farmers in Kanchanaburi province were randomly se-
lected. Farmers of four different farm sizes were interviewed, including very
large (>80 ha), large (32–80 ha), mid (10–32 ha), and small-scale (<10 ha)
farmers. It was revealed that mid and small-scale farmers in the area were
facing many economic and social challenges that hindered them from obtain-
ing Bonsucro certification. For example, they lacked legal rights to use land
and water for their cane cultivation, which made them ineligible for certifica-
tion. Many smallholder cane farmers still had to practice pre-harvest burning
and hired labour from neighbouring countries due to their limited access to
machine harvesters. Additionally, smallholder farmers did not have the fi-
nancial means to cope with the rising production costs arising from adopting
sustainable practices. Farmers with large and very large farms did not en-
counter these problems and could obtain certification, but they lacked incen-
tive to do so because certified sugarcane could not secure a premium price in
Thailand. Policy recommendations are presented and then discussed.
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The carbon footprint of beef transportation in Colombia:
Market connections and distribution networks

JOHANA MARCELA CASTILLO1, CARLOS EDUARDO GONZALEZ1, AURA BRAVO1,
NATALIA TRIANA-ANGEL1, ANJA LIENERT2, STEFAN BURKART1

1International Center for Tropical Agriculture (CIA), Colombia
2University of Hohenheim, Production Theory and Resource Economics, Germany

Livestock food systems largely contribute to the overall food systems’ green-
house gas (GHG) emissions and are thus put at the centre of global policy
and research agendas on mitigation and adaptation. An additional growing
concern on the prevalence of globalised animal product value chains and the
specialisation of agricultural markets and their environmental pressures over
supply networks further adds to this debate. However, detailed quantifica-
tion of the livestock contribution intensity to the emissions has focusedmostly
on the farm and the performance of animals’ feed intake, rather than on the
composition and extension of the beef supply network, a perspective that
contributes to further our understanding of the food system’s carbon foot-
print. This research thus used the calculation of food miles to explore the
functioning of the Colombian beef market and the emissions entailed in the
mobilisation of live animals and processed products in central trade nodes
between 2019–2022. The results were compared with emissions derived from
the transportation of alternative proteins from animal (chicken, pork, eggs,
andmilk) and non-animal sources (dry grains). The analysis of bovine prod-
ucts indicates that beef transport was responsible for the highest environmen-
tal load, generating on average 25.000 tons CO2eq, in contrast to alternative
proteins, where chickenmeat is the biggest culprit (40.000 tonsCO2eq). How-
ever, chicken’s growing demand has increased the quantities mobilised com-
pared to beef, reflecting a greater efficiency of the chicken supply network
per volumemobilised. The relational pattern observed in Colombia’s regions
pointed out Cali as the leading city in the reception and redistribution of live
animals and beef. A strong interaction with neighbouring municipalities in
the southwest and the Colombian Amazon configures Cali as a highly central
node that, in consequence, concentrates significant pollution. These findings
reveal the need to develop comprehensive approaches and strategies to re-
duce livestock production emissions, acknowledging the vital role that the
beef supply network, transportation distances, infrastructure, and technolo-
gies play in cattle-derived emissions.
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Status of local feed mills in Nigeria: The case of
Akure metropolis

LYDIA ADELEKE
Federal University of Technology Akure, Dept. of Fisheries and Aquaculture Technol-
ogy, Nigeria

Quality livestock farmed animals and fish feeds available in Nigeria are sold
at exorbitant prices. These high prices are associated with the high cost of
importing feed ingredients and equipment used in feed mills. Another factor
that is responsible for the current high price of animal feed is the erratic power
supply/electricity and cost of getting alternative sources of power. Hence,
the need to assess the status of local feed mills, thereby making animal farm-
ing/rearing sustainable and attractive to both private and commercial investors
and eventually boost food production and food security in the country. This
research assessed the status of local feedmills in Akuremetropolis in enhanc-
ing agriculture development, and expansion inAkuremetropolis andNigeria
as a whole. Both primary and secondary data were used in the study. Socioe-
conomic and Demographic characteristics of the respondents were analysed
descriptively, Snowball method was used to locate the Fish Feeds Mills in
Akure Metropolis. Results revealed that 69 percent of the respondents were
male while 31percent were females; 61 percent were between the active age of
30 and 49 years; also, 70 percent had formal education. Currently, the status
of Feed Mill industry in Akure metropolis is experiencing low growth due to
high cost of fish feed ingredients which constituting about 60 percent of the
total cost of fish production. Other fundamental challenges observed in this
study were: lack of funds; technical know-how on the part of the feedmillers;
poor nutritional value of the locally produced feeds; and provision of storage
facilities to prevent spoilage of feeds.
The study also revealed that, among the ten (10) feed mills visited in Akure
Metropolis, none of the mills produces solely fish feed: only four (4) com-
bined livestock and fish feeds while the remaining six (6) produces only live-
stock feeds. There was high concentration in the production of livestock feeds
compared to local fish feed production in AkureMetropolis. The study there-
fore recommends, quick intervention from both the private and public sectors
on the observed challenges impeding the development of feed mills in the
Metropolis and the Nation at large.
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Fresh food markets, small-food producers and transformative
path of food system in Thailand
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The decline of importance of agriculture in the developing world highlights the com-
peting food systems. On the one hand, the local food systems producing food in re-
sponse to local food demand, and on the other hand, the global and industrial food
system that widens the food supply chains in response to the global food demands.
Drawing on two research projects, namely the Evolution of Fresh Food Markets in
the northeast of Thailand, and the Local Food System (funded by Thailand Science
Research and Innovation), this paper seeks to explore competing between two main
food systems, and propose a pathway to a more sustainable food system. We found
that local markets have been evolved and expanded following to the growing urbani-
sation. The expansion of local markets is widening the opportunities for smallholders’
producers to take their food products, usually fresh, to themarkets, meanwhile, is also
broaden the outlets of industrial foods. We found that small food producers have been
significantly drawing into the supply chains of industrial and global food systems,
not only through the raw food products, but also throughmodern agricultural inputs.
While the local food system continues to response to local food demands, in particular
in a manner of self-contained in case of staple food (rice), the small producers are in-
creasingly facing the chronic indebtedness, the variation of global market prices and
the changing patterns and consumption tastes. We propose a transformative pathway
for sustainable local food system by unlocking or breaking the chains to modern in-
put supplies of agro-industries, replacing by converting local materials, such as food
wastes, agricultural residues, etc. into organic fertilisers. It is also involved fabricat-
ing and nurturing networks among smallholders, such as between those who grow
maize and husbandry farmers. In addition, local food produces must be diversified,
andmarkets needed to be enhanced andwidened. This path of transformation of food
system could heighten the food costs, which can be managed or controlled with redi-
rection of public investments, i.e. the urban foodwastemanagement, the development
of innovation and appropriate technology for processing agricultural or crop residues
into fertilisers, etc.
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Entrepreneurial innovation pathways of the Amazonian
cocoa chocolate value chain: A success associative story in

San Martin, Peru
JEIMY KATHERIN FEO MAHECHA1,2, JEISSON RODRIGUEZ-VALENZUELA2

1Technische Universität Dresden, CIPSEM, Germany
2Corporación Colombiana de Investigación Agropecuaria AGROSAVIA, Obonuco
Research Center, Colombia

COVID-19 and the Ukraine war have affected the agricultural sector, especially Latin
America. These consequences are reflected in higher prices for agricultural inputs due
to the rise of the US dollar, instability in the price paid for harvested products, drastic
shifts to other economic activities by farmers, and unemployment in rural areas. One
case that has become evident in the Peruvian Amazon is the cocoa crisis, which is a
crop that has been profitable in recent years for peasant and indigenous communi-
ties; however, due to its high dependency and low diversification, as well as the poor
innovation in the production schemes, it has had an impact on the family economy
of smallholders. Therefore, this study sought to analyse the resilience case of a co-
coa bean trading company (ABISEO FOODS SAC) that had to transform its business
model to intervene in the entire value chain on a small scale in the Juanjuimunicipality
(San Martin, Peru). The methodology implemented was based on a SWOT analysis
of the business model, the assessment of the profitability, and other foresight meth-
ods. The results showed that the success factors of this company in facing the current
crises were based on the following actions: 1. Organizing a group of thirty-six small
cocoa farmers who have distinguished themselves for their commitment and product
quality; however, they have not been able to diversify their crops. 2. Train the associa-
tion of cocoa producers created by this company on issues related to good agricultural
practices. 3. To decide not to compete with large cocoa marketing companies, but on
the contrary, to transform the best quality cocoa beans into chocolates and different
derivatives, launching its brand to access local, regional, national, and international
markets. 4. Through the consortium between the company, the producers’ associa-
tion, and other stakeholders agreed to apply for environmental calls with agroforestry
projects that promote the conservation of forest resources in the PeruvianAmazon and
the sustainable use of its ecosystem services. Finally, the results of this study could be
used as a baseline for decision-making to transform food systems into equitable and
sustainable pathways.
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Local logistics and transport for African indigenous
vegetables in sub-Saharan Africa: A case of Kakamega and

Vihiga counties in Kenya
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African indigenous vegetables (AIVs) are an important source of nutrition
and income for smallholder farmers and rural communities in sub-Saharan
Africa (SSA), still, there are postharvest losses. Factors that shape the local
logistics and transport as the prerequisite for the reduction of postharvest loss
are yet to be establishedwith certainty. Themain objective of this paperwas to
investigate the nature and actors in the local logistics and transport of AIVs
in SSA. Although several studies give important insights into the function-
ing of the AIVs supply chain, it remains difficult to understand the complex
“interplay” of factors that shape the local logistics and transport of AIVs in
SSA. This study deployed a hybrid approach encompassing a literature re-
view, focus group discussions, and interviews. The results indicated that at
each stage of a supply chain, there is a specific set of actors. The data from the
field survey revealed that farmers have longer periods in AIV activities (30
years) while transporters have short periods (one to 10 years). This implies
that farmers had ventured into AIVs investment for 20 years without reliable
logistics and transportation services. Also, the results indicate that local lo-
gistics and transport of AIVs are shaped by a range of specific factors includ-
ing; physical, social, cultural, legal, and economic factors. An understanding
of the existing logistics and transport for the AIVs’ local supply chain may
enhance productivity and raise expectations. This can improve the reduc-
tion of postharvest losses and consequently improvising the nutritional ben-
efits and community livelihood in rural areas of SSA. The information from
this study is useful to AIVs’ farmers, transporters, traders, nutritionists, and
policy-
makers.
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From dumping to upcycling: Modelling environmental and
economic impact of coffee cherry uses
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ATHENA BIRKENBERG
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Institute), Germany

Coffee by-products have the potential to contribute to a circular and sustain-
able bioeconomy by reducing waste and thus, environmental externalities,
while also improving farmers’ economic situation through additional income.
Moreover, agricultural residues such as those fromcoffee production can serve
as the basis for innovative new products. One notable example is the coffee
cherry pulp or husk (cascara), a by-product generated during the coffee pro-
cessing steps in producer countries. Coffee cherry pulp is traditionally used
to produce compost and biogas or make tea, jam, or flour. While in recent
years dried coffee cherries are increasingly used as the basis for infusions to
produce caffeine-containing beverages.
However, utilising by-products is not a cost-free endeavour. Sometimes, new
infrastructure needs to be built to re-organise the processing of raw material,
or new harvesting techniques must be developed for the by-product. Addi-
tionally, creating new value chains may generate additional greenhouse gas
emissions.
Thus, it remains unclear which use of the coffee cherry can increase or reduce
environmental impacts, such as climate changemitigation, while also creating
potential economic gains for farmers.
To address these issues, this study models selected and relevant use scenar-
ios of the coffee cherry (i.e. dumping as the baseline, composting, biogas
production, and local tea) with regard to their environmental and economic
impacts. A life cycle assessment is carried out for each scenario, along with a
cost-benefit analysis. The results will provide valuable insights into use sce-
narios, which can help inform decision-making regarding the utilisation of
coffee by-products and highlight considerations for agricultural by-products
in general. By this, the study may contribute to the development of a more
circular bioeconomy.
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agricultural supply chain? Evidence from a competitors’
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Coffee is one of the major commodities traded in the international markets,
where the largest exporters for 2016were Brazil (39.15%), Vietnam (34.22%),
Colombia (14.95%) and the main importers being the United States (20.8%),
Germany (17.4%), Italy (7.6%). This paper studies the impact of droughts
on coffee production and exports consideringdroughts happening locally and
in competitor countries. We develop a method of estimation that allows us to
consider producer countries and competitor countries in the same regression,
avoiding the omitted variable problem that can be a source of endogeneity.
Our approach consists of creating a row standardised weighting matrix of
competitor countries, where the weights represent the market share of pro-
ducer countries among all the producers facing the same international de-
mand for the product each year. It is expected that a negative weather shock
in a producer country that reduces local coffee production will also reduce
the market segment of the same country in the international market. That
segment will be captured by the closest competitors. As a result, this paper
contributes to the literature by proposing a method for estimating this indi-
rect effect of weather shocks applied to the coffee trade network.
We found that Brazil is the largest competitor for all countries, followed by
VietnamandColombia, with small changes throughout the period 1995–2019.
The results show that droughts reduce local coffee production, although no
direct effect on exports was found. In addition, droughts in competitor coun-
tries increase local production and exports with a one-year lag, given the time
needed for adjusting the growing seasonal production. Our findings are ro-
bust to the inclusion of country and time fixed effects, as well as other con-
trol variables such as temperature, precipitation, and GDP. These results con-
tribute to the literature studying the mitigating effect of international trade to
negative weather shocks. Ignoring the indirect impacts of natural disasters
could lead to incorrect conclusions about the impact of extreme weather con-
ditions.
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Strengthening value chains of products from the Amazon:
Lessons from and to the “Gosto da Amazônia” Project

DANIEL ALBERTO PEROZO-SUÁREZ1,2, TATIANA REHDER2
1University of Brasilia, Dept. of Economics, Brazil
2Instituto Chico Mendes de Conservação da Biodiversidade, Brazil

Guaranteeing food supply for Brazil’s traditional peoples and communities
is a challenge in economic, political, environmental, and logistical terms. In-
digenous communities and traditional peoples in the Amazon are vulnerable
since they make a living in remote areas, with few opportunities for access
to conventional markets, hardly considered in public policies, and generally
do not have jobs or stable sources of income. However, these communities
possess millennial knowledge that, combined with technical knowledge of
sustainable management of plant and animal species, offers great opportu-
nities for developing food security and income generation strategies based
on biodiversity conservation. The “Gosto da Amazônia” Project is an example
in this sense. It is the result of an institutional partnership between national
and international stakeholders, including Brazilian, American, and German
partners(*) that aimed to contribute to improving the quality of life of the
communities involved in the management of Arapaima gigas (pirarucu), one
of the largest freshwater fish in Brazil. This is an endangered species whose
sustainable management is only possible under authorisation from the en-
vironmental authorities. In addition, the sustainably managed value chain
competes in the market with the illegally harvested chain. The project’s im-
pacts cover the social, economic, environmental, and cultural spheres. The
present work proposes a system of baseline indicators to evaluate the scope of
the impacts regarding income generation, employment, food security, prod-
uct positioning, consumer acceptance and choice, cultural influence, size of
the stakeholders’ network, conservation impacts, and potential for the conti-
nuity of the project’s effects over time. Among other results, the relevance of
strengthening value chains, as well as the permanent work of business man-
agement and reinvestment for project sustainability were highlighted as es-
sential factors for the success of this and other initiatives that propose the
transformation of current food systems.

Keywords: Amazon, food security, pirarucu, sustainable management, value
chains

Contact Address: Daniel Alberto Perozo-Suárez, University of Brasilia, Dept. of Economics,
Campus Darcy Ribeiro, 70910-900 Brasilia, Brazil, e-mail: keemoen@gmail.com

ID 458 481



Food chains, food processing and consumers

Impact of seed innovations on farm performance among
African indigenous vegetables producers in western Kenya
JOSEPH ALULU1, ROBERT MBECHE2, KAVOI M MUENDO2, DAGMAR MITHÖFER1

1Humboldt-Universität zu Berlin, Thaer-Institute of Agricultural and Horticultural Sci.
- Agricultural Economics, Germany

2Jomo Kenyatta University of Agriculture and Technology, Dept. of Agricultural and
Resource Economics, Kenya

Food insecurity, population growth and urbanisation are major challenges in sub-
Saharan Africa (SSA). In East Africa, leafy vegetables that naturally occur and grow
from seed after the rainy season have traditionally been used. Informal markets and
formal supply chains of these African indigenous vegetables (AIVs) are increasingly
developing with a potential to not only contribute to food sufficiency but also diver-
sified diets in terms of micronutrients and vitamins. Despite the growing recogni-
tion of the development potential of AIVs, development of AIVs value chains faces
constraints such as limited access to appropriate seed innovations and low levels of
efficiency. Previous literature has shown that smallholder producers can capitalize
on various innovations including seed innovations to overcome these constraints and
enhance their performance. In line with the conference theme “Competing pathways
for equitable food systems transformation”, this study, under the project “Inclusive
nutrition-sensitive value chains, upgrading strategies for underutilised horticultural
crops in Kenya and Uganda (InNuSens)” sought to assess determinants of adoption
of seed innovations and its impact on performance of AIVs producing households,
a potential technical solution to climate change phenomenon in food systems. The
study incorporates behavioural factors as covariates of adoption of seed innovations.
To achieve this objective, the study used multistage sampling approach that led to
445 AIVs producers in Bungoma and Kakamega Counties in Kenya being included.
We employ a bias-Corrected Stochastic Meta-Frontier Approach to estimate technical
efficiency (TE), allocative efficiency (AE), economic efficiency (EE) and technology
gap ratios (TGRs) while accounting for potential technological differences as well as
self-selection bias. We specify a stochastic frontier model to estimate meta TE, AE and
EE and employ propensity score-matching (PSM) technique to address self-selection
bias. Our results reveal that both behavioural and control beliefs have a positive in-
fluence on adoption of seed innovations. Empirical results show that adopters out-
perform their non-adopter counterparts on average in both technical, allocative and
economic efficiencies and meta-efficiencies.
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Co-creative characterisation of food systems for the
generation of transition routes towards their sustainability in

indigenous population
TERESA MOSQUERA-VÁSQUEZ1, ALVARO ACEVEDO OSORIO1, LUIS ALFREDO
LONDONO2, YESID ARANDA1, SARA DEL CASTILLO1, EUCARIS OLAYA1,

DAVID CUÉLLAR GALVEZ1

1Universidad Nacional de Colombia, sede Bogotá, Colombia
2Universidad del Cauca, Facu. de Ciencias Agrarias, Colombia

Highly vulnerable populations such as indigenous peoples are seriously affected in
their food and nutrition. The National Survey of the Nutritional Situation Colombia
shows that food insecurity in 2015 was at 54.2%, and that eight out of ten indige-
nous households are in food insecurity. This situation has been aggravated by climate
change, the pandemic generated by COVID 19, the armed conflict in their territories,
and recently, by economic phenomena such as inflation, devaluation, unemployment,
and increased food prices, as evidenced by various authors and studies. Given the lack
of effective results of public policies, alternatives have emerged that are grouped un-
der the generic denomination of “food autonomy” or “food sovereignty”. These alter-
natives constitute a wide universe of practices and proposals from the communities,
which gradually intertwine, generating innovative, creative, and locally adapted re-
sponses, with interesting results in their contribution to guaranteeing the right to food.
These initiatives are inspired by deeply rooted cultural principles and conceptions,
many of them are related to territorial control and governance processes and can be
understood as counter hegemonic. This set of food practices and social actors involved,
are articulated with the dominant food system, but in permanent tension with it, and
constitute what can be called “territorial food system”. The research project called
“Territorio, Comida y Vida” studies food systems at the territorial level in two in-
digenous populations of Colombia, Misak and Los Pastos, to identify the mechanisms
that manage to empower communities and interest groups in the search to reduce in-
equities and a good life for themost vulnerable. During the presentation, the results of
the characterisation of the food systems of these peoples will be discussed, consider-
ing the functions, provision and services, collection and co-production, supply, trade
and distribution, consumption, waste and unused management, emerging elements,
evaluated at the household, farm, reservation, municipality, and other stakeholder
levels. For the characterisation, instruments such as surveys, in-depth interviews, fo-
cus groups and secondary information are applied. The research methodology will
be discussed, which follows a co-creative process and has a transdisciplinary work
approach, where gender, inclusion and intersectionality are transversal.

Keywords: Food sovereignty, food autonomy
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The impact of COVID-19 lockdown on milk production and
marketing activities in Kiboga district

NINSIIMA GRACE MUSUMBA1, JOHN ILLUKOR2, NAKATO CAROLINE BUKIRWA1

1Makerere University, Dept. of Agribusiness and Natural Resources, Uganda
2World Bank Group, Uganda

High and sustained milk production in dairy can only be sustained by regu-
lar rainfall, good farming practices such as adequate feeding of cows, disease
and pest management and selection of superior animals for breeding. Mar-
keting of milk on the other hand is an important component for achieving
profitability and sustainability of a dairy enterprise. World over especially in
sub-Saharan Africa, production and marketing of agricultural products were
impacted by COVID-19 in various ways. This study therefore was conducted
to assess the impact of COVID-19 on production and marketing of milk in
Kiboga district.Data was collected from 156 farmers who were randomly se-
lected from the three sub counties in Kiboga district.The collected data was
analysed using descriptive statistics, t-tests ans regression models. All the in-
terviewed dairy farmers reported that COVID-19 had affected the production
andmarketing of theirmilk. Therewas a significant difference in the price per
litre of milk sold before COVID-19 and after the lockdown was lifted. There
was a decline of 1.4% in the productivity per cow per day during the lock
down compared to before the pandemic. there was also a decrease in the av-
erage price of a litre ofmilk sold to dairies 34.9%, cooperatives 37.3% and spot
markets 10% during the lock down. After lifting the lock down, the produc-
tivity of cows is seen to have gone back to the way it was before the lockdown
and the price of a litre of milk is reported to have gone higher than it was be-
fore COVID-19. This was because of the increase in the costs of production.
There was an increase in the weekly costs of production especially spraying
(45%), and treating cattle (77.6%). Most of the farmers did nothing to cope
up with the decrease in milk prices, reduced the prices charged per litre in
order to cope up with he reduction in the number of customers. Government
and other stalk holders should reduce on the taxes imposed on inputs like
pesticides which have resulted into high production costs.
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Sustainability and agroecology monitoring by private sector
companies in the global rice value chain

DIRISA WAKAABU1, JONATHAN STEINKE1, STEFAN SIEBER2,1, HARALD GRETHE1
1Humboldt-Universität zu Berlin, Thaer-Institute of Agricultural andHorticultural Sci.,
Germany

2Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SusLAND), Germany

Rice is a staple food consumed by over half the world’s population and there is a pro-
jected production and consumption increase particularly inAsian countries. However,
rice production contributes significantly to greenhouse gas emissions and has various
negative effects on natural ecosystems. Consumers and policymakers are increasingly
demanding evidence of more sustainable rice value chains. Consequently, many pri-
vate companies involved at different value chain levels, such as inputs, production,
packaging and storage, processing, distribution, and marketing of rice already report
on the adoption of sustainable practices. Taking an agroecology perspective that dis-
tinguishes between five different levels of food system change, this study analyses
patterns in sustainability transitions and the reporting gaps. This study conducted a
systematic review of sustainability indicators and measurement methods used by 33
private companies with membership in the Sustainable Rice Platform (SRP). Sustain-
ability reports published between 2018 and 2023were screened to identify the reported
sustainability indicators, assess the extent of their adoption, and evaluate their degree
of alignment with the 13 principles of agroecology. Most companies attained levels 1
and 2 (farm layers) and 4 (community layer) but very few attain transformative agroe-
cological levels 3 (landscape layer), and 5 (society layer). Performance regarding the
agroecological principles; social values and diets, input reduction, and fairness were
most reported, whereas synergy, co-creation of knowledge, and land and natural re-
source governance were least reported, with variations across regions and levels of
the value chain. The indicators are measured using digital tools, satellite monitoring,
farm visits, and reports from their suppliers, and most companies have reported con-
cerns about data accuracy and completeness. Other bottlenecks include a lack of reg-
ular monitoring, confirmation, and verification of certified standards as well as their
enforcement, especially in low and middle-income countries. Finally, companies can
effectively contribute to a sustainable value chain by committing to ethical and trans-
parent compliance, monitoring, and reporting sustainability indicators, and labeling
market products. Thus, interventions such as consumer pressure, strict policies espe-
cially in LMICs, and enforcement of certification standards are crucial to accelerating
the sustainability transition in global rice value chains.

Keywords: Agroecology, global value chains, rice, sustainability
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Wheat value chain analysis in Bale zone, Ethiopia
ZERA KEDIR ALO1, JEMA HAJI2, AMSALU MITIKU BORA1

1Jimma University, Agricultural Economics and Agribusiness Management, Ethiopia
2Haramaya University, Agricultural Economics, Ethiopia

Value-adding to agricultural commodity is a means to increase farm incomes
and to regenerate rural economy. Although farmers are the primary produc-
ers and actors of wheat, they were not able to share from the growing market
benefit of the product in Ethiopia. This study was aimed at analysing value
chain of wheat in Bale zone with the specific objectives of identifying wheat
value chain actors and their respective functions, analysing marketing mar-
gin of wheat value chain actors and identifying the determinants of wheat
market supply by producers. The data were obtained from both primary and
secondary sources. The primary data for this study were collected from 201
farmers, wheat traders, wheat processors andwheat consumers following ap-
propriate sampling procedures. Descriptive statistics and Two Stage Least
Squares of econometric model were used to analyse the data. Margin anal-
ysis was used to estimate the share by each actor involved in wheat value
chain. From the result, producers are not governing the value chain. Hence,
they are price takers and the whole wheat value chain is governed by proces-
sor. The results of margin analysis revealed that 22.29% and 26.80% share of
margin and profitwere captured bywheat producers and 36.63% and 34.76%
share of margin and profit were captured by wheat processors respectively.
The result of Two Stage Least Squares indicated that quantity of wheat pro-
duced, sex, memberships to cooperative, lag price of wheat, family size and
farming experience significantly influenced volume of wheat sold to market.
Policy implications drawn from the study findings include the need to im-
prove the input supply system, improving farmers’ knowhow and experience
on wheat production, encouraging females productivity, improving produc-
tivity of wheat, strengthening the linkage among wheat value chain actors,
encouraging farmers to be member of cooperative, concerning bodies should
provide last year price information in the market, strengthening poor profit
share and strengthening family planning programmes to reduce the amount
of wheat consumption at household level.

Keywords: Cost benefit share, Ethiopia, marketing margin, two-stage least
square, value chain analysis, volume of wheat sold

Contact Address: ZeraKedirAlo, JimmaUniversity, Agricultural Economics andAgribusiness
Management, 2345 Jimma, Ethiopia, e-mail: kedir.zera@ju.edu.et

486 ID 83



Agrifood markets and value chains — Online posters

Technical efficiency and value addition of hybrid tomato
under urban homestead farming in southwest Nigeria

OLUSEGUN OGUNWANDE
Federal University of Technology Akure, Agricultural and Resource Economics, Nigeria

Food production, processing, distribution and consumption are inevitable ac-
tivities embarked upon in reversing the upward trend of hunger and poverty
globally through profit to producers and utility to consumers. The study
measured the technical efficiency and value addition of hybrid tomato un-
der urban homestead in southwest Nigeria. Multistage sampling procedure
was used in the selection of 275 respondents which comprised input deal-
ers (50), farmers (100), wholesalers (50) and retailers (75) using copies of
well structured and pretested questionnaires administered by trained enu-
merators. Results of the socioeconomic characteristics for age were average
of 51, 64, 49 and 64 years for input dealers, farmers, wholesalers and retail-
ers, respectively, while the mean monthly income for input dealers, farmers,
wholesalers and retailers were N66, 843, N40, 556, N73, 061 and N86, 554 re-
spectively. Profit ratio showed the financial performances of the operators in
the value addition with input dealer (2.59), farmer (1.22), wholesaler (1.46)
and retailer (2.31) suggesting that input dealers had highest financial gain
while farmers recorded the least. The mean technical efficiency ratio for the
input dealers, farmers, wholesalers and retailers were 0.95. 0.96, 0.53 and 0.75
respectively, which negate the direction of profit ratio. Inaccessibility to farm
credit was ranked first among all the constraints identified revealing the acute
effect on the activities of all operators along the tomato value chain. It is there-
fore recommended that government, non-governmental and stakeholder in
the business should make funds available to operators in the tomato business
to invigourate activities in the food network.

Keywords: Hybrid tomato, urban homestead, value addition
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Hybrid tunnel solar dryer for coffee processing in Colombia:
Design and experimental evaluation

EDUARDO DUQUE-DUSSAN1, JAN BANOUT1, JUAN RODRIGO SANZ-URIBE2
1Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of Sus-
tainable Technologies, Czech Republic

2National Coffee Research Center of Colombia - Cenicafé, Postharvest, Colombia
Open-sun and solar drying of coffee are used worldwide to lower the mois-
ture content of the beans. Their easy setups and low running costs attract cof-
fee growers; however, these processes are difficult to control and predict due
to their dependence on climate conditions. Due to the extended drying time
these procedures undergo, the development of microorganisms, mycotoxins
and moulds threaten the product. Alternatives such as mechanical dryers
are available, allowing to dry large amounts of coffee in shorter times; nev-
ertheless, their running costs and setup are usually expensive and unafford-
able for small-scale coffee growers. Therefore, this research aimed to design,
build and evaluate a hybrid solar tunnel dryer which mixes solar and me-
chanical drying principles. It uses a traditional solar tunnel-type dryer as a
base featuring a biomass burner which uses coffee trunks left from the yearly
crop renovation as biofuel. A heat exchanger heats the drying air, afterwards
blown into a plenum chamber that homogenizes the air’s static pressure be-
fore crossing the coffee bed, ensuring an evenmoisture removal. Also, the hy-
brid unit includes a photovoltaic system to obtain a fully self-sufficient drying
unit. The newly developed dryer was tested under three different configura-
tions: Solar and mechanical day and night (C1), solar during the day and
mechanical during the night (C2) and fully solar with non-mechanical aid
(C3). The results displayed a notable drying time reduction in the three eval-
uated configurations, low biomass consumption and improved temperature
and relative humidity profiles. Its design easily adapts to the existing tunnel
and parabolic-type solar dryers.
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Determining sound signature of major insect pests in stored
rice using inexpensive acoustic system

CARLITO BALINGBING1, SASCHA KIRCHNER2, HUBERTUS SIEBALD2, SASCHA
FIEDLER2, RICHARD PASCO1, MARTIN GUMMERT3, NGUYEN VAN HUNG1,

OLIVER HENSEL2
1International Rice Research Institute, Sustainable Impact through Rice-based Systems,
Philippines

2University of Kassel, Organic Agricultural Sciences, Germany
3Consultant, International Rice Research Institute, Philippines

Insect pests in stored grains can cause a maximum of 10% losses, but the use of early
detection device such as acoustic sensor can prevent subsequent damage in storage.
Acoustic detection can directly identify the cause of damage in stored grains (i.e., in-
sects) rather than the effect (e.g., humidity, temperature) as it happens with other
sensors, and it is capable of handling high information density due to the broad fre-
quency band and the different sound signature and levels. This research adapted and
investigated the applicability of the acoustic sensor from the smart apiculturemanage-
ment system (SAMS) project of Uni Kassel for use in detecting insect pests in stored
rice products.
The Adafruit SPH0645, an inexpensiveMEMS (micro-electromechanical systems)mi-
crophone currently available in the market is an important component of the acous-
tic detection system that is adapted in this study to detect insect pests in stored rice
grains through their sound signature. Three major insect pests that commonly feeds
on paddy and milled rice products, namely, lesser grain borer (Rhyzopertha dominica),
rice weevil (Sitophilus oryzae), and red flour beetle (Tribolium castaneum) were col-
lected in rice mills and grain storage warehouses in Laguna, Philippines and reared
at postharvest laboratory, IRRI, Philippines. Baseline sound recordings for each of
the insect were replicated over time for at least 3 days in acoustic shielding chamber.
The recorded sounds of the insects in wav file were analysed using R and Audacity
softwares to establish specific sound signature of each insects. Insect sounds of major
pests in one-ton storage were detected at 0.62% for R. dominica, 0.22% for T. castaneum
and 0.58% for S. oryzae, which represents the percentages of lured insects by the at-
tractants used (e.g., red LED and air blower) against the total density of insects in the
storage.
The application ofmachine learning techniquewill be employed for easy identification
of these insects when the acoustic device is deployed in actual storage conditions.

Keywords: Acoustic system, insect pests in rice storage, machine learning, MEMS
microphone, sound signature
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Dioxins and polycyclic aromatic hydrocarbons in farmed and
wild-harvested edible insects from East Africa

CAROLYNE KIPKOECH1, CHRISTOPH HUTZLER1, CHRISTOPH GOTTSCHALK1, JULIA
JASTER-KELLER1, MARTA MAREK2, MARIKO YAMAMOTO1, ANKE JÄHRMANN1, LISA

KLUSMANN1, ANNEMARIE RICHTER1, ALEXANDER ROLOFF2, JOHN MWIBANDA
WESONGA3, RONALD MAUL4,1, ANJA LÜTH1, STEFAN WEIGEL1

1German Federal Institute for Risk Assessment (BfR), Dept. Safety in the Food Chain,
Germany

2German Federal Institute for Risk Assessment (BfR), Dept. Chemical and Product
Safety, Germany

3Jomo Kenyatta University of Agriculture and Technology, Kenya
4Current address: Max Rubner-Institut, Federal Research Institute of Nutrition and
Food, Dept. of Safety and Quality of Milk and Fish Products, Germany

Edible insects offer a sustainable alternative source of animal proteins in food
and feed. Although insects are considered highly nutritious and environmen-
tally friendly, there is a risk that they and their products may be contami-
nated by environmental contaminants during rearing and processing. These
substances can be ingested by the insects along with the feed, or they can
contaminate the products during processing and storage if done under un-
favourable conditions. The presence of hazardous organic chemicals such
as dioxins and polycyclic aromatic hydrocarbons (PAHs) should be inves-
tigated to ensure safe product consumption. Grasshoppers, termites, crick-
ets, and black soldier fly larvae were purchased from insect traders in Kenya,
Uganda, and Tanzania. The dried and ground black soldier fly larvae served
as a representative matrix for method validation, including determination of
limits of quantitation (LOQ) and limits of detection (LOD). For dioxin anal-
ysis, 13C-labeled congeners were added to the samples prior to extraction.
Since dioxins accumulate in adipose tissue, fat extraction was performed us-
ing dichloromethane/cyclohexane solvent (1:1), and the sample was puri-
fied using MIURA’s GO-xHT system. The purified extract was measured
by high-resolution gas chromatography and high-resolution mass spectrom-
etry (HRGC-HRMS) and quantified by isotope dilution technique. For PAH
analysis, samples were extracted by energy dispersive guided extraction with
cyclohexane/ethyl acetate (1:1) on an EDGE system. Subsequently, the ex-
tracts were purified by gel permeation chromatography, then the fat and pro-
tein were separated from PAHs before sample concentration. The method
proved to be excellent in terms of extraction efficiency, purity of the extract,

Contact Address: Carolyne Kipkoech, German Federal Institute for Risk Assessment (BfR),
Dept. Safety in the Food Chain, Max-Dohrn-Str. 8-10, 10589 Berlin, Germany, e-mail:
kipkoechcarolyne@gmail.com
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and speed of sample processing. Although PAH analysis has not yet been
completed, relatively high levels of naphthalene and phenanthrene were de-
tected in the insect samples. Dioxin contamination varies by insect sample
and insect species and is generally low compared to other animal products,
as no maximum levels have been established for edible insects.

Keywords: Dioxins, food safety, food security, PAHs, protein
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Computational sizing of a hybrid photovoltaic system for
peanut oil production in Senegal

WIOMOU JOÉVIN BONZI, SEBASTIAN ROMULI, JOACHIM MÜLLER
University of Hohenheim, Inst. of Agricultural Engineering, Tropics and Subtropics
Group, Germany

In Senegal, peanut is the first agricultural product. However, only 40% is lo-
cally processed, with 32% for edible oil. Plant oil extraction faces high cost
of electricity and competition from importers. Renewable energy could be
a solution, but determining the most profitable renewable system requires
consideration of load profile, meteorological data, and economical aspects.
This study aimed to develop an approach to sizing a hybrid photovoltaic sys-
tem through a predictive model of the electrical load of a service-based plant
oil processing company. To achieve this, a diagnosis was conducted at the
small-scale industry Yaye Aissatou in Passy, Senegal, to evaluate the peanut
oil extraction process. The mass and energy balance were measured. The
processing capacity was 4 tons of in-shell peanuts per day for 1 ton of oil
produced, using 67 kWh of electricity. The process was implemented into
MATLAB Simulink to find the load profile. An optimisation was performed
to identify the working time, quantity of material, and customer arrival prob-
ability matching the diagnosis results. The simulated load profile was imple-
mented in HOMER Pro, along with the meteorological data of the site and
the cost of solar components in Senegal, to identify the characteristics of the
most profitable hybrid system. The optimal solution presenting the lowest
net present cost over 25 years was found to be a grid-connected system with
18.6 kWp solar panels, 16 kWh of storage, and an initial investment of 13.1
million francs CFA. Compared to a grid-only scenario, this solution reduces
the net present cost from an initial 47.3 million CFA to 20.7 million CFA, the
operating cost from 2.4 million CFA per year to 386,964 CFA per year, and the
cost of energy from 193 to 84CFAkWh-1. The renewable fraction of the pro-
posed system is 90.1% while the expected payback period is 6.2 years. The
study demonstrates the economic feasibility of using photovoltaic energy for
plant oil processing and provides insights into the sizing of a hybrid-grid-
photovoltaic system.

Keywords: Economic feasibility, load profile, mechanical oil extraction, plant
oil, process simulation model, renewable energy, solar energy
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Enhancement of antioxidant properties of traditional dairy
products with the addition of dried fruits

JANYL ISKAKOVA1, JAMILA SMANALIEVA2
1Kyrgyz-Turkish Manas University, Environmental Engineering Dept., Kyrgyzstan
2Technische Universitat Dresden, Fac. of Chemistry and Food Chemistry, Germany

The antioxidant potential of foods plays an essential role in the diet of people
since an antioxidant-rich diet may inhibit the negative impact of free radicals.
Fruits and berries have high antioxidant activity, due to the content of vita-
min C, E, carotene and polyphenol. Casein and other antioxidant enzymes;
lactoferrin; conjugated linoleic acid; coenzyme Q10; vitamins C, E, A and D3;
equol; uric acid; carotenoids; and mineral activators of antioxidant enzymes
of milk also have antioxidant activity. These antioxidants act at different lev-
els of cell defense against free radicals.
In recent years, ethnic products have been gaining popularity in Kyrgyzstan.
Ayran, Suzmo, and Kurut are ethnic fermented milk products. Suzmo and
Kurut are rich in proteins, which are obtained by dehydration of fermented
milk product - Ayran. In order to expand the range of sour-milk products
based on Ayran and enhance their antioxidant activity, within the framework
of this study, four new recipes of sweet sour-milk Ayran products with the
addition of fruit fillers were developed. Dried apricot and pomegranate peel
powder were used as fruit fillers. The pomegranate peels were collected from
fresh pomegranate juice vendors and dried apricots were obtained in local
markets in Bishkek, Kyrgyzstan. Four new recipes were developed: 1) Ayran
+ dried pomegranate peel 2) Suzmo + dried pomegranate peel 3) Kurut +
dried pomegranate peel 4) Suzmo + dried apricots puree. The antioxidant
activity and other physicochemical parameters of new developed dairy prod-
ucts with and without fruit fillers were determined.
DPPH (2,2-diphenyl−1-picrylhydrazyl) assay was used to determine antioxi-
dant activity. The inhibitory ability of Ayran and Suzmo with the addition of
dried pomegranate peel and dried apricot was significantly higher compared
to fermented milk products without fruit fillers. Thus, it can be concluded
that the potential for using dried pomegranate peel and apricot to enhance
the antioxidant properties of traditional dairy products is high.

Keywords: dried pomegranate peel, ayran, dried apricot, Kurut, Suzmo
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Postharvest practices and determinants of potato and tomato
losses for appropriate interventions design in Ethiopia

SAMUEL MEZEMIR YIMENU1, SISAY YEFRU1, BEZAWIT SEIFU1, GELETA
DIRIBA-SHIFERAW1, SAMUEL WOLDEYOHANES1, TIRFE ZEGEYE1, DEKEBA MOGES1,

BERND MÜLLER2, ANIS DZANKOVIC2
1Arsi University, Ethiopia
2Weihenstephan-Triesdorf University of Applied Sciences, HSWT International School,
Germany

Postharvest loss reduction is an important strategy for food and nutrition security in
developing countries like Ethiopia. In the target survey areas, postharvest losses of
potato and tomato crops occur at various stages. Therefore, the present baseline sur-
vey was undertaken to identify existing postharvest practices and losses that occurred
in the supply chain of potatoes and tomatoes in Arsi Zone, Ethiopia. In addition, re-
sponsible determinant factors that influence postharvest losses were analyzed. Amul-
tistage sampling procedure, through a combination of purposive and simple random
sampling techniques, was adopted in the selection of kebeles and households. A to-
tal of 209 and 191 smallholder potato and tomato farmers were interviewed in Tiyo
and Ziway-dugda districts, respectively. The survey was undertaken in 2022. Quan-
titative data collection was carried out online using computer-assisted personal inter-
viewing by programming a semi-structured questionnaire in KoboCollect software for
tablets. Descriptive statistics (for socio-demographic, postharvest practices, and loss
data) and the ordinal probit regression model (for postharvest loss determinant fac-
tors) were used to analyze the collected data. From the perspective of the farmers, the
primary causes of losses were poor storage facilities, insects and worms as well poor
handling techniques. During the harvest stage, working family members significantly
(𝑝 < 0.01) increased potato loss while years of schooling (𝑝 < 0.05) and harvesting us-
ing leaf color change as a criterion (𝑝 < 0.01) had significantly mitigated it. In storage,
female respondents (𝑝 < 0.05), land size (𝑝 < 0.05), and lack of training (𝑝 < 0.1) had
accentuated potato loss. During transport, the household age reduced (𝑝 < 0.1) potato
loss whereas farming experience promoted (𝑝 < 0.1) it. Similarly, during tomato har-
vesting, the time of harvest mitigated losses (𝑝 < 0.01), while farming experience and
lack of training increased losses (𝑝 < 0.1). In storage, age, schooling years, sex, and
training mitigated tomato losses (𝑝 < 0.05), while only land size (𝑝 < 0.01) accentu-
ated it. During transport, land size (𝑝 < 0.05) and animal-pulled carts (𝑝 < 0.1) ac-
centuated tomato losses. The awareness of the farmers on proper operation during
harvesting, field handling, storage, and transportation should be increased. Suggested
interventions include postharvest knowledge and skill training, simple innovative eco-
friendly storages constructed using locally availablematerials, appropriate packaging,
and simple value addition and preservation techniques.

Keywords: Loss determinant factor, ordinal probit regression model, postharvest loss
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Fast and gentle solar-sorptive drying of fruit and spices with
energy efficient water recovery

TAMARA ANNABELLE THEIMEL1, HENNER KERSKES1, TOBIAS KLAUS2

1Institute for Building Energetics, Thermotechnology andEnergy Storage, Sorption Tech-
nology, Germany

2ECOLOG Institute for Social-Ecological Research and Education, Germany

To make fruit and spices more durable and free from contamination - such as
dust, animals or even germs - there are different solar tunnel and green house
dryers being investigated and also already commercially available. Most of
them are only supported by solar energy and still depend on fossil fuels such
as wood or gas to reach the needed temperatures especially when the humid-
ity of the ambient air is already high.
The aim is thus, to develop a concept which is only solar driven by combining
a greenhouse dryerwith an adsorption process. By drying and heating up the
process air via adsorption before entering the green house, the air can take
up a lot more moisture from the goods to be dried and thus accelerate the
drying process. This also makes gentle drying at low temperatures possible
for delicate goods which otherwise will lose valuable flavors or aetheric oils.
Solar thermal energy is used for the desorbing process. As a side-product, the
water from the desorption process can be condensed to be used as drinking
water or to wash the drying goods.
The authors aim to work on a common project to implement this concept e.g.
for drying spices in Sansibar, which is one of the world’s most arid regions
with very little precipitation, contaminated ground water and at the same
time very high average ambient humidity. Thus, the majority of the inhabi-
tants has no access to hygienically safe drinking water. Therefore, this con-
cept would bring a double benefit for food and nutrition security in Sansibar
or comparable locations.
In the contribution, results from laboratory experiments and simulation stud-
ies are discussed and a first demonstrator will be presented.
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Solar food processing by drying in an off-grid system in
Kenya
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2Innotech Ingenieursgesellschaft mbH, Germany
3Kenya Marine and Fisheries Research Institute (KMFRI), Kenya
4Kenya Industrial Research and Development Institute, Kenya
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In coastal Kenya, lack of cold storage facilities and appropriate technologies result in
losses of harvested and fresh products. Coastal fishermen as well as farmers suffer
from this situation as they are forced to sell their produce as soon as possible fresh,
to dealers or at uneconomical prices. The warm weather in the region also hastens
spoilage, especially of fish. Sun drying on open grounds is prone to contamination
and produce poor quality fish that cannot gain access to high value markets.
The project SolCoolDry, supported by the Federal Ministry of Food and Agriculture
(BMEL), aims to support the fisherman and farmers by the development and set-up
of a 100% solar powered, off-grid system for drying beside the production of ice. The
systemusing solar thermal energy designed to provide a 24-hour operation of the solar
tunnel dryer. Degradation processes of the material to be dried during night hours
can therewith be avoided. The overall system consists of a sea container shaded by a
roof of PV-modules and solar thermal collectors. All additional electric components to
power the ice machine are installed in the container. Next to it, two solar tunnel driers
have been set up – one with solar thermal support for optimised night operation and
the other as simple stand-alone solar dryer. Using a monitoring system allows the
partners to keep an eye from remote at the operation behaviour and to support the
local operators.
For test and demonstration of the capacity as well as for training purposes different
tests of the driers where conducted. With both dryers, excellent product quality could
be achieved for various types of fish and several fruits and vegetables, while drying
time was significantly reduced compared to conventional methods. By means of a
novel concept of loading, the capacity of the installed dryers can be increased up to
double, which also allows larger drying batches. In the test runs, it was shown that
the overnight heat supply is effective: the heat was transferred to the product and the
drying process could be continued throughout the night at 5–10 Kelvin above ambient
temperature.
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Technical evaluation of a solar-biomass flatbed dryer for
maize cobs drying in Rwanda

JANVIER NTWALI, SEBASTIAN ROMULI, JOÉVIN WIOMOU, BONZI, JOACHIM MÜLLER
University of Hohenheim, Inst. of Agricultural Engineering, Tropics and Subtropics
Group, Germany

The persistent problem of postharvest losses in the maize value chain poses
an arduous challenge for smallholder farmers in Rwanda, ultimately reducing
theirmarket bargaining power. As a consequence, there is an exacerbated dis-
parity in revenues that makes farmers, predominantly female farmers, more
vulnerable. The existing drying facilities are based on ambient air dryingwith
a long drying time and the alternative mechanical dryers use mostly fossil fu-
els which is not a sustainable solution. A solar-biomass hybrid flatbed dryer
for maize cobs drying was designed and constructed in the high-altitude vol-
canic zone of Rwanda. The objective was to provide farmers with an afford-
able and sustainable drying system with a high drying rate compared to the
existing method. In this study, we present the results of the technical evalu-
ation of the dryer to rate its capacity to dry maize cobs to the recommended
moisture content. Energy balance was assessed by temperature sensors, air-
flow distribution was measured with a vane anemometer and the solar radi-
ation from weather station were compared to the solar system data recorded
through a datalogging charge controller. Maize was dried in three batches
and the moisture content was measure with oven method. Results showed
a uniform distribution of airflow on the dryer perforated flow. The burner
consumed on average 6 kg of empty cobs per hour and the burner efficiency
was 59.4%. The solar system provided a maximum daily yield of 2.6 kWh,
and the battery was able to maintain the system during days of low solar en-
ergy availability. Maize cobs were dried from an average moisture content
of 23.0% to 13.7% in an average period of 90.6 hours. This drying time was
significantly lower compared to the already existing system which uses more
than 6 weeks. The results prove that the solar-biomass hybrid flatbed dryer
was appropriate for dryingmaize cobs to the recommendedmoisture content
and thus reduce the risk of postharvest losses inmaize value chain in Rwanda.
The dryer might be further improved by combining the burner with a solar
heating system to further reduce the biomass mass consumption.

Keywords: Biomass energy, energy balance,maize drying, photovoltaic, post-
harvest, renewable energy
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Evaluation of contact toxicity of essential oils for Sitophilus
zeamais control

TALIA SILVA RIBEIRO, GISELE LOPES DE OLIVEIRA, TAINA SORAIA MULLER,
LUANNA CHÁCARA PIRES

Federal University of the South of Bahia, Brazil
The maize weevil, Sitophilus zeamais (Coleoptera: Curculionidae), is a pest
responsible for significant damage to stored grains worldwide. Currently, it
is managed through chemical control. This study aimed to evaluate the ef-
fectiveness of Cordia verbanancea and Protium heptaphyllum resin essential oils,
and Piper macedoi hydrolate in controlling S. zeamais adults. The study was
conducted in the extreme south of the state of Bahia, in the northeast of Brazil,
a region known for its large number of small farmers, which makes produc-
tion losses even more impactful for the local economy. Tests were performed
in B.O.D. chambers (T°: 25 ± 3°C, RH: 65 ± 5%, and photoperiod: 12 h) to
evaluate the mortality of the pest in a completely randomised experimental
design. In the first bioassay, Petri dishes containing 13 adult insects each, were
submitted to a 20𝜇l dosage of the corresponding essential oil. The percentage
of insect mortality was evaluated after 0, 12, 24, and 48 hours of incubation.
In the second bioassay, Petri dishes containing 20 adult insects and 10 g of
maize were used, to test four different dosages of P. heptaphyllum essential oil
(62.5, 125, 500, and 1000 ppm). The number of dead individuals was eval-
uated after 0, 12, 24, 48, 72, and 96 h of incubation. Positive and negative
controls were performed for both assays. The data obtained were analysed
with R® software. In the first experiment, it was found that the essential oil of
P. heptaphyllum resin presented 38.5% efficacy in controlling S. zeamais com-
pared to the essential oil of C. verbanancea and P. macedoi hydrolate. In the
second experiment, no statistically significant differences (𝑝 > 0.05) were ob-
served in the insecticidal effect among the dosages tested for P. heptaphyllum
oil, although itwas evident after 48 hours of incubation and gradually increas-
ing until 96 hours. During the first hours of exposure, a repellant effect was
observed, evidenced by the insect’s behaviour. It led to the conclusion that
P. heptaphyllum resin essential oil has toxic action against S. zeamais adults.
However, further investigation is required to determine the ideal concentra-
tion of that essential oil for S. zeamais control.
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Performance of locally made low-cost evaporative cooling
pad alternative to commercial pad

YETENAYET BEKELE TOLA, TOLCHA TECHANE, HAYAT MOHAMMED
Jimma University, Dept. of Post-Harvest Management, Ethiopia

The dry and hot climate in Ethiopia’s rift valley areas significantly impacts the
postharvest life of fruits and vegetables. The loss is mainly due to a need for
cooling facilities along the supply chain from harvesting to final marketing.
Commercial mechanical refrigerators are expensive and beyond the capacity
of local farmers and value chain actors to use in different stages of postharvest
activities. However, evaporative cooling (EC) rooms can be constructed for
dry and hot climates, but the pad is not locally available or expensive. This
work attempted to develop a low-cost EC pad as a component of a low-cost EC
system to replace the commercial pad. A fiber from the Enset plant (Ensete
ventricosum) was used as a cellulose fiber to construct a 1 m× 0.5 m× 0.5m
wetting pad using galvanized metal. Air was pressurized through an equal-
sized galvanized metal tunnel using a 300-watt air fan; however, water was
continuously pumped from the water reservoir and sprinkled on the top of
the padusing a 120-wattwater pump. Air velocity (m/s), pad thickness (cm),
water flow rate (m3/s), and fiber orientation(vertical versus horizontal)) at
different levels were independent variables to investigate the performance
of the pad. The study showed that EC efficiency varied from 70.5±3.5 to
87.2±5.8%. The horizontal orientation of fiber at 18 cm thickness with the
lowest air velocity (1.053m/s) and water flow rate of 0.15 m3/s resulted in the
most inadequate performance as compared to the highest with similar fiber
orientation at 32 cm thickness, 2.6m/s airflow, and 0.23 m3 /s water flow rates.
At the highest EC efficiency, the temperature inside the chamber was lower
than outside by 5.9oC, and the RH increased by 29.3%. Results from the study
indicated that a low-cost EC pad could be constructed from locally available
resources to replace the expensive commercial pad.

Keywords: Cooling efficiency, evaporative cooling, food loss, postharvest,
Rift Valley
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Assessing the impact of urbanisation on milk quality and
safety: A study in Bengaluru’s metropolitan dairy farming
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The complex interplay of rapid urbanisation with a rising demand for quality
food in India adversely impacts on the production of fresh milk in urbanis-
ing areas; in particular, sourcing dairy cattle feed is increasingly challeng-
ing. This leads farmers to incorporate alternative feedstuffs, such as road-
side vegetation or food waste, in their cows’ rations. This may affect milk
safety and composition, including its fatty acid (FA) profile and heavy metal
(HM) content. However, these variables are also influenced by cattle breed
and season. An investigation was carried out in southern India to explore
the effects of urbanisation on the quality and safety of milk, with a focus on
FA profile and HM concentration. The study included 39 farmers situated
in urban and peri-urban regions of the Bengaluru metropolitan area. Dur-
ing three visits in winter 2021 (n=74 records), monsoon 2021 (n=61), and
summer 2022 (n=104), information on farmmanagementwas collected along
with feed and milk samples. Selected FA and HM analyses for milk were
performed by gas chromatography and inductively coupled plasma, respec-
tively, and a mixed model approach for statistical analysis was implemented
in R. Milk yield was significantly affected by location and season, with cows
in urban locations and in winter season exhibiting highest milk yield. Milk
from urban cows contained more unsaturated FAs than milk from peri-urban
cows (11%). Similarly, summer season milk contained more unsaturated
FAs than milk collected during winter and monsoon (5%). There was no
difference in milk yield and FA profile between cattle breeds (Jersey, HF, na-
tive zebus and their crossbreeds). None of the milk samples contained ar-
senic and cadmium, whereas chromium and lead were detected in 60% and
28% of the milk samples. Thereby, the average concentrations of chromium
(0.011±0.014mgkg-1) and lead (0.019±0.053mgkg-1) were within permissi-
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ble limits as recommended by WHO. In conclusion, the high concentration
of unsaturated FAs in milk from urban cows suggests that land-constrained
farmers manage to supply a high-quality product to urban consumers by us-
ing alternative feedstuffs. Since its HM content is not of concern, fresh cow
milk is safe for consumers, even in a highly urbanized setting.

Keywords: Alternative feedstuffs, dairy cattle feeding, megacity, milk quality,
milk safety, urbanisation
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The nutrient composition of leaves from multiple defoliated
grain amaranth (Amaranthus cruentus)
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1Humboldt-Universität zu Berlin, Thaer-Institute - Div. Urban Plant Ecophysiology,
Germany

2Makerere University, Dept. of Food Technology and Nutrition, Uganda
Amaranthus spp. is an indigenous African vegetable with health promoting
components that can be successfully cultivated for leaf or grain. A signifi-
cant amount of work has been done on developing food products from grain
amaranth. However, the leaves from the same plants remain an untapped re-
source as far as high value foodproducts are concerned. In a dual-use produc-
tion systemwhere there is utilization of the leaves as well as seeds, nutritional
and economic value can be enhanced. The aim of this study was to determine
the nutrient and health promoting compound composition of the leaves from
grain amaranth plants (Amarantus cruentus) that had undergonemultiple de-
foliation as is practised in a dual-use system. The study is part of the project
“Inclusive nutrition-sensitive value chains in Kenya andUganda – Upgrading
strategies for underutilised horticultural crops (InNuSens)” which is funded
by the German Federal Ministry of Education and Research (BMBF) and the
German Academic Exchange Service (DAAD). A. cruentus seeds were grown
under field conditions in Luwero district, Uganda in a randomized complete
block design with four blocks. Treatments were based on timing and fre-
quency of defoliation of leaves. Plantswere defoliated by removing 50%of the
leaves once at 3, 5, 7 and 9 weeks after sowing as well as defoliated twice con-
secutively using the same leaf harvest intensity at 5, 7 and 9 weeks after sow-
ing. After harvesting, fresh leaves were analysed for 𝛽-carotene, total chloro-
phyll, protein, iron, zinc and calcium and furthermore for health promoting
compounds such as phenolics and flavonoids contents. Plant height, dried
plant biomass and grain yield at harvest were also measured. Results showed
that the 𝛽-carotene content significantly increased with maturity stage while
multiple defoliation had no significant effect on the same. The protein content
remained stable regardless of defoliation frequency. Plant height and grain
yield were not significantly affected by the timing and frequency of defolia-
tion. Further results will be discussed in detail.

Keywords: Amaranthus spp., defoliation, dual-use, nutrient, phenolics
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Public taps: A drop in the bucket?
Experimental evidence from Uganda

FEMKE MAES, BART DEFLOOR
Ghent University, Department of Economics and Business Administration, Belgium

Lack of access to potable water is one of the greatest challenges for rural re-
gions in developing countries, particularly in sub-Saharan Africa (SSA). De-
privation of potable water causes high rates ofmorbidity andmortality due to
diarrhoeal disease, mainly in children below five years. One solution is to im-
prove the water sources at which drinking water is daily fetched by installing
public taps in the centre of towns. While these taps provide communities
with safe drinking water, they also require behavioural changes in expendi-
tures since water is no longer free. This study investigates the causal impact
of public taps on drinking water quality at home and diarrheal disease. 360
households located in five villages in ruralWestern Uganda participated. The
households were surveyed and a water sample was taken from their storage
container, before and after the installation of nine public taps at the village
centres. Difference-in-differences analysis suggests that tap use has a limited
positive impact on microbiological drinking water quality at home, however,
there is an increase in the incidence of diarrhea in children. We show that
when households commit to tap water, access frictions and substitution of
disinfection limit the potential benefits of public taps.

Keywords: Drinking water security, diarrhea, E. coli, experiment, public taps,
Uganda
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Germination enhances the multi-nutritional properties of
pigmented rice revealed through metabolomic and

machine-learning techniques
RHOWELL JR. TIOZON1, NESE SREENIVASULU1, SALEH ALSEEKH2,

KRISTEL SARTAGODA1, ALISDAIR FERNIE2
1International Rice Research Institute (IRRI), Philippines
2Max Planck Institute of Molecular Plant Physiology, Germany

Enhancing the dietary properties of rice is crucial to contribute to alleviating
hidden hunger and non-communicable diseases in rice-consuming countries.
Germination is a bioprocessing approach to increase the nutritional proper-
ties of seeds. However, there is scarce information on how germination im-
pacts the overall nutritional profile of pigmented rice sprouts. Herein, we
demonstrated that germination could increase certain dietary compounds,
such as phenolics, GABA, and micronutrients, and induce new flavonoid gly-
cosides. Minerals such as Ca, Na, Fe, Zn, and vitamins such as riboflavin and
biotin increased upon germination. In addition, this process decreased toxic
elements like aluminum. This process allowed for a decrease in bound phe-
nolics leading to an increase in free phenolics, corroborating the increased
minerals. Metabolomic analysis revealed the preferential accumulation of
flavonoid compounds in the germination process. Genome-wide association
studies of the altered metabolites revealed the activation of specific genes
responsible for increasing certain flavonoid compounds. Notably, the acti-
vation of the CHS1 gene boosted the naringenin and the compounds along
this pathway. Likewise, the UGT gene is responsible for the formation of
flavonoid glycosides derived from kaempferol, caffeic, ferulic, and quercetin.
Haplotype analyses showed a significant difference (𝑝 < 0.05) between alle-
les associated with this genetic region. Genetic markers associated with these
flavonoids were incorporated into the random forest model, improving the
accuracy from 89.7% to 97.7%. Consistent with this feature, the improved
model has a faster prediction speed in a shorter training time. The elite cul-
tivars can breed rice with multi-nutritional properties, and the model could
screen rice with several dietary benefits.

Keywords: Germination, machine-learning, metabolomics, rice
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Chemical characteristics and acceptability of cereal-cricket
composite porridge

DANSTONE ABOGE1, MARY ORINDA2, SILVENUS KONYOLE3
1Jaramogi Oginga Odinga University of Science and Technology, Plant, Animal and
Food Sciences, Kenya

2JaramogiOgingaOdingaUniversity of Science and Technology, Agricultural Economics
and Agribusiness Management, Kenya

3Masinde Muliro University of Science and Technology, Nutritional Sciences, Kenya
Undernutrition impacts the lives of many young children in sub-Saharan Africa and it
is mainly attributed to low quality diets. Using soybean as a rich source of protein in
fortification of cereal-based complementary foods is currently costly and unsustain-
able, underscoring the need for alternative protein sources. This study evaluated the
potential of crickets as substitute for soybean in enriching complementary porridge,
owing to their nutritional quality and environmental benefits. Four treatment flours
denoted as; CP, CPB1, CPB2 and CPB3 were formulated. Control flour, CP was a com-
posite of maize, wheat and defatted soybean flours in the ratio of 2:1:1 respectively
resembling a local infant formula in Kenya. The other flours were formulated in the
same ratio but with substitution of soybean with cricket flour at 25%, 50% and 75%
respectively. The flours were analysed for nutritional composition, in vitro protein
digestibility and functional properties using standard methods. Porridges developed
from the flours were evaluated for sensory attributes on a 9 point hedonic rating scale
by women of reproductive age. A significant increase was observed in the following
nutrients from CP to CPB3; protein, fibre, fats, potassium, sodium, magnesium, and
zinc. Similarly, the in vitro protein digestibility of the flours improved from 79.45 ±
0.21 to 88.67 ± 0.33 percent. However, a significant decrease was observed in carbo-
hydrate, calcium, phosphorus and iron. Further, a significant decrease was observed
in the viscosity of cold and warm porridge, bulk density, water absorption capacity
and protein water solubility of the flours. The overall acceptability of the porridges
were as follows CP (8.5 ± 0.72), CPB1 (7.08 ± 0.94), CPB2 (5.75 ± 1.53) and CPB3
(3.60 ± 1.95). Substitution of soybean with cricket flour improved some nutrient con-
tent, in vitro protein digestibility, bulk density of the flours and viscosity of porridges,
but made their porridges less acceptable. There is need therefore to improve the sen-
sory attributes of the cricket-based porridges to increase their acceptability without
compromising their nutritional quality.

Keywords: Complementary feeding, edible insects, food security, nutrition, protein
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Effect of processing methods on the nutritional composition
flours and sensory properties of cake from bambara and

pigeon pea flour
GBOLAHAN ALAGBE1, OLAJUMOKE A. ALAGBE2, KLÁRA URBANOVÁ1

1Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of Sus-
tainable Technologies, Czech Republic

2Forestry Research Institute of Nigeria, Sustainable Forest Management Department,
Nigeria

The effect of roasting and malting on the nutritional composition of Bam-
bara nut and pigeon pea flour and the sensory characteristics of cake made
from it were investigated. The Bambara nut and pigeon pea were malted (72
hrs) and roasted (150°C), thereafter milled into flour. The flour was passed
through a 0.5 mm screen to remove particle clumps. The flour obtained was
subjected to proximate, functional and mineral analysis, while the cake made
from the flours were subjected to sensory evaluation to determine the effect
of the processing methods. Results obtained showed that there was signifi-
cant difference (𝑝 < 0.05) in the proximate and mineral composition of both
flours. Proximate composition of the flours ranged from 1.74 to 2.87% Ash,
2.87 to 3.58% crude fibre, 2.93 to 4.74% fat, 17.70 to 21.31% crude protein and
54.41 to 60.36% total carbohydrate. Protein values were highest in pigeon
pea from both processing methods (21.31 for malting and 20.35 for roasting)
while Bambara nut flour had the highest values in both crude fibre and fat
contents from both processing methods. Results of the functional properties
ranged from 2.73 to 3.1ml g-1 water absorption capacity, 2.06 to 2.16ml g-1

oil absorption capacity, 0.60 to 0.72 g cm-2 bulk density and 5.28 to 6.62%
swelling index. The sensory evaluation of the cake made from the flours had
no significant difference (𝑝 < 0.05), while the overall acceptability have some
significant difference (𝑝 < 0.05), with cake made from malted pigeon pea
flour having the most overall acceptability score (7.45). These findings sug-
gest that germination could be a beneficial processing method for improving
the nutritional and sensory quality of Bambara nut and pigeon pea flour, thus
increasing their utilisation in food products.

Keywords: Bambara nuts, nutritional composition, pigeon pea, processing
methods, sensory properties
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Evaluation of temperature and energy requirements for gari
processing at standard quality parameters in Togo
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KOMI AGBOKA3, HEIKE HOEDT4, WOLFGANG SCHEFFLER4, MARCELO PRECOPPE2,

NWABISA MEHLOMAKULU5, SOLETHU NKOSI6, EMMAMBUX NAUSHAD M.5,
MMANTSAE DIALE7, OLIVER HENSEL1

1University of Kassel, Agricultural and Biosystems Engineering, Germany
2University of Greenwich, Natural Resources Institute, Food and Markets Department,
United Kingdom

3Université de Lomé, Ecole Supérieure d’Agronomie, Togo
4Simply Solar Scheffler Technology and Consulting, Germany
5University of Pretoria, Dept. of Consumer and Food Sciences, South Africa
6University of Limpopo, Dept. of Physics, South Africa
7University of Pretoria, Dept. of Physics, South Africa

Cassava is a vital staple crop in sub-Saharan Africa (SSA) and plays a signifi-
cant role in the region’s food security. The crop is well adapted to the region’s
climate and can tolerate drought and poor soil conditions, making it an im-
portant food source for communities in rural areas. Over 300 million people
in SSA are estimated to rely on cassava as a primary source of calories. How-
ever, it has a limited shelf life of one to two days. It can be processed into
shelf-stable gari, a partially pre-gelatinized dry granulated cassava product,
and is a staple food for millions of people in West Africa. The fermentation
process during gari processing generally reduces cyanide to safety levels (10
ppm-WHO). Nevertheless, roasting, the last stage in gari processing, is one of
the major bottlenecks and data on the temperature/energy requirements and
process duration is scant and sporadic. Therefore, the objective was to de-
termine the temperature and energy requirements for the roasting process at
the traditional and cooperative level in Togo using a low-cost semi-controlled
cooking tests method (SCCT). The mean specific energy consumption found
to produce a kg of gari from dewatered cassava mash (48 % moisture content
(MC) to gari (6.7% MC) from the nine cookstoves evaluated was 7.37 kWh
kg-1. The roasting process alone accounted for 96.74% of the energy con-
sumed, which include combustion chamber, roasting pan surface, gari, and
ambient temperatures of 494 °C, 142 °C, 110 °C and 33 °C, respectively. Out of
the 114 batches examined, the average batch size was 2.7 kg dewatered cas-
sava mash and 1.6 kg output gari within 20 minutes. Furthermore, a strong
correlation (R2) of 0.88 between the data of the specific energy consumption

Contact Address: Chikonkolo Mwewa Mwape, University of Kassel, Agricultural and
Biosystems Engineering, Nordbahnhoftstraße 1a, 37213 Witzenhausen, Germany, e-mail:
chikonkolo@uni-kassel.de
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was achieved and agreed with other researchers. Overall, the outcome from
this work will help improve energy efficiency, promote sustainability, en-
hance food security, drive economic development, and advance knowledge
in the field of cassava processing. By addressing critical challenges in the
production of this vital food product, the study can contribute to improving
the livelihoods of millions of people in SSA.

Keywords: Cassava, cookstoves, gari, semi-controlled cooking tests, specific
energy consumption, temperature
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Micronutrients and secondary plant metabolites composition
of commonly consumed African indigenous vegetables from

Tanzania
JAMES SIMON CHACHA, NADJA FÖRSTER, SUSANNE HUYSKENS-KEIL,

CHRISTIAN ULRICHS, CONSTANCE RYBAK
Humboldt-Universität zu Berlin, Thaer-Institute - Div. Urban Plant Ecophysiology,
Germany

The “triple burden of malnutrition” (TBM), meaning the coexistence of un-
dernutrition, overweight andobesity andmicronutrient deficiencies, is a grow-
ing challenge in sub-Saharan Africa. Nutrition transition refers to changes
in lifestyle and dietary patterns driven by ongoing urbanisation, globalisa-
tion and economic growth and is rapidly taking place also in Tanzania. The
FoCo-Active project therefore fosters to modify food and physical activity en-
vironments including the implementation of a health literacy programme to
holistically combat TBM in rural and urban Tanzania. Nutrition-sensitive in-
terventions linked to horticultural production and post-harvest treatments
have the potential to improve local food environments by increasing the avail-
ability of affordable nutrient-dense vegetables. Simple low-cost horticultural
production systems such as flat and bag gardens with associated nutrient-
sensitive post-harvest treatments of African indigenous vegetables (AIVs)
have the potential to improve AIVs’ availability to rural and urban popula-
tions throughout the year. The aim of this study was to determine the con-
tent of selected minerals (Ca, Fe, K, Mg, Na, P, Zn) and secondary plant
metabolites (glucosinolates, carotenoids, flavonoids and phenolic acids) of
five selected AIVs commonly consumed in Tanzania: amaranth (Amaranth
spp.), Chinese cabbage (Brassica chinensis), pumpkin leaves (Cucurbita max-
ima), Abyssinian mustard (B. carinata) and black nightshade (Solanum ni-
grum). To determine the actual state of profiles of the selected micronutri-
ents and secondary plant metabolites in leaf material of the AIVs available in
Tanzania, plant samples from two different markets were subjected to ana-
lytical component analyses at Humboldt-Universität zu Berlin. Mineral con-
tents were determined by using inductively coupled plasma-optical emission
spectrometry (ICP-OES). Secondary plant metabolites were specifically ex-
tracted andquantified via high-performance liquid chromatography (HPLC).
Metabolites were identified on the basis of mass fragmentation (mass spec-
trometry), as well as retention times and specific UV-spectra if commercial
standards were available. Results indicated significant differences in the con-

Contact Address: James Simon Chacha, Humboldt-Universität zu Berlin, Thaer-Institute
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tents and compositions of the specific minerals as well as glucosinolates, ca-
rotenoids, flavonoids and phenolic acids in the different AIV samples. In con-
clusion, the selected and analysed AIVs have the potential to improve local
food environments by providing health-promoting secondary plant metabo-
lites and micronutrients for improved diets in rural and urban Tanzania.

Keywords: African indigenous vegetable, carotenoids, flavonoids, food envi-
ronments, glucosinolates, micronutrients, phenolic acids
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The relative role of soil, climate, and genotype in the variation
in nutritional value of Annona senegalensis fruits and leaves
JANINE CONFORTE FIFONSSI DONHOUEDE1, VALÈRE SALAKO2, ACHILLE EPHREM

ASSOGBADJO3, ANA IF RIBEIRO BARROS4, NATASHA RIBEIRO1
1Eduardo Mondlane University, Dept. of Forest Engineering, Mozambique
2University of Abomey-Calavi, Lab. of Biomathematics and Forest Estimations, Benin
3University of Abomey Calavi, Lab. of Applied Ecology, Benin
4University of Lisbon, Forest Research Center (CEF), Portugal

Annona senegalensis Pers is a multipurpose tree species valued for food and
medicinal uses of its leaves and fruits in Africa. As a traditional food plant in
Africa, A. senegalensis plays an important role in the context of food security,
and its domestication has the potential to improve nutrition, foster develop-
ment, and support sustainable land use. Although there have been attempts
to document the proximate composition of its fruits and leaves, little is known
about the relative role of soil, climate, and genotype on the nutritional qual-
ity. The present study evaluated the variation of the proximate composition
in its fruits and leaves in populations from Benin andMozambique. It further
assessed the impact of soil, climate and genotype on the proximate compo-
sition. Data were collected from four populations genetically different and
analysed using descriptive statistics, analysis of variance (ANOVA), princi-
pal component analysis and redundancy analysis (RDA). Results revealed
significant variation in the proximate composition of the fruits and the leaves
between the studied populations. Moisture and lipids were respectively six
times and 1.27 times higher in the fruits than in the leaves, while ashes, fibers
and proteins were approximately twice higher in the leaves than in the fruits.
Genetic groups, climate and soils were found to influence this variation. Soil
(47.56%) and genotype (38.87%) better explained the variability in the prox-
imate composition of the fruits and the leaves than climate (13.56%). Our
study provides essential information that could be harnessed in the domesti-
cation and breeding programme of A. senegalensis for its edible parts.

Keywords: Annona senegalensis, proximate composition, macronutrients,
variability
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Fresh strawberry (Frageria × ananassa) and jamun (Syzigium
cumini) fruit physico-chemical, antioxidative and

organoleptic quality management by organic acid application
SAMI ULLAH, KASHIF RAZZAQ, ISHTIAQ AHMAD RAJWANA, HAFIZ NAZAR FARIED,

GULZAR AKHTAR, AMBREEN NAZ, RAFIQUE FARZANA, RASHEEQA TARIQ,
UM E HABIBA

MNS-University of Agriculture, Dept. of Horticulture, Pakistan
Fresh fruits contribute significantly to global nutritional security. However, fresh
horticultural produce especially fruit is highly perishable and the global postharvest
losses account for 30 to 40%. The reduction in postharvest losses can appreciably con-
tribute to food and nutritional security for the growing world population. Quinic acid
(QA) and oxalic acid (OA) are natural organic acids found in plants. However, the
pre-harvest and postharvest treatment of QA and OA are limited in fresh fruit and
warrants further investigation. Keeping in view the benefits of these acids, an inte-
grated study was executed to explore the pre-harvest and postharvest application of
QA and OA on strawberry (Frageria × ananassa cv. Chandler) and jamun (Syzigum
cumini cv. Desi ) fruit physico-chemical, antioxidative and organoleptic attributes at
shelf. The study comprised of three independent experiments, experiment-I & -II in-
vestigated pre-harvest and postharvest OA-application (0, 0.5, 1 and 2 mM) on jamun
fruit quality, while experiment-III examined postharvest application of QA (0, 0.25,
0.5 and 1 mM) on strawberry fruit quality. All the treated fruit were kept at ambient
conditions (25± 2 °C and 60–65% RH) and were investigated for physico-chemical,
antioxidative and organoleptic quality attributes on daily basis. The results reveled
that application of higher OA dose (both as pre-harvesr and postharvest treatment)
significantly decreased the jamun fruit physical losses [weight loss, fruit skin colour
L, a, b, skin shriveling and disease occurrence and respiration rate], significant higher
biochemical [total soluble solid (TSS), titratable acidity (TA) and vitamin C] and anti-
oxidative parameters [total antioxidants, total phenolic contents (TPC), anthocyanin,
activity of superoxide dismutase (SOD) enzyme] as compared to untreated fruit at
shelf. Similarly, 1 mM-QA strawberry fruit exhibited significantly lower fruit weight
loss, ethylene production, respiration rate, and higher fruit firmness, juice pH, antho-
cyanin contents, vitamin C, total antioxidant, TPC and SOD enzyme activity as com-
pared to untreated fruit. Resultantly, pre-harvest and postharvest treatment of both
OA and QA significantly retained the postharvest quality of fresh strawberry and ja-
mun fruit at ambient conditions.
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Microbiota and metabolites in the spontaneous fermentation
of agricultural products in the Ecuadorian Amazon

ROLDÁN TORRES-GUTIÉRREZ1, SEBASTIAN MATEO VALENCIA RAMOS1, EVELYN
ANDREA OÑA LUGMAÑA1, BETTINA EICHLER-LÖBERMANN2

1Regional Amazon University Ikiam, Live Science Faculty, Ecuador
2University of Rostock, Agricultural and Environmental Faculty, Germany

The transformation of agricultural products into inputs with added value is
one of the main challenges of modern agriculture. The fermentation of agri-
cultural waste carried out by indigenous microorganisms is one of the path-
ways to close production cycles with the desired added value while conserv-
ing the environment. The fermentation process is an option for the utilisation
and environmental management of residues generated by the commerciali-
sation of agricultural products and can be used to produce photochemicals,
structural polymers, and bioactive compounds. Organic residues, specifi-
cally agricultural and forestry wastes, have the potential to be raw materi-
als for the creation of third-generation biofuels, in addition to being used for
the creation of biofertilisers, biomaterials, and bioremediation, among oth-
ers. Therefore, the objectives of this research were (i) to characterise the in-
oculum obtained from residues generated by the commercialisation of agri-
cultural products in the city of Tena, (ii) to identify the morphology of the
microorganisms present in the ferment and (iii) to identify the volatile com-
pounds resulting from the semi-solid fermentation of the primary inoculum.
The results showed that 68% of the surveyed premises discard 1 to 3 kg of
waste per day, including cereals, roots, tubers, oilseed plants, fruits, and veg-
etables, from which the inoculum for the fermentation process was obtained.
Yeasts were the predominant microbial group in the ferment with 2.6E+06
CFU mL−1. The isolated fungi presented morphologies typical of the gen-
era Fusarium, Geotrichum, Acremonium, and Scopulariopsis. For bacteria, the
most frequent morphology was bacilli. In the liquid phase of the ferment, 20
volatile compounds were identified, including lactic acid, butyrolactone, and
1,3-propanediol. These results demonstrate the potential of fermentations of
agricultural residues in local markets for obtaining compounds of biotechno-
logical interest.
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Nutritional and anti-nutritional composition of some wild
edible plants consumed in southwest Ethiopia

ABEBE YIMER1, SIRAWDINK FIKREYESUS FORSIDO1, GETACHEW ADDIS2,
ABEBE AYELIGN3

1Jimma University, College of Agriculture and Veterinary Medicine, Dept. of Post-
Harvest Management, Ethiopia

2Ethiopian Public Health Institute, Ethiopia
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The Meinit community utilised wild edible plants (WEPs) widely for a va-
riety of purposes mainly as food, household healthcare, and market value.
WEPs namely, Chaw (Solanum nigrum L.), shutamodoroy (Vignamembranacea
A. Rich), Entut (Dioscorea praehensilis Benth.), Gagut (Trilepisium madagas-
cariense D.C.), and Tikawoch (Cleome gynandra L.), are naturally grown and
consumedbyMeinit cultural community in BenchMaji Zone, southwest Ethio-
pia. However, the proximate, mineral, and anti-nutritional compositions of
these WEPs were not evaluated. This study aims to evaluate the proximate,
mineral, and ant-nutritional contents of fiveWEPs. TheWEPswere randomly
collected from natural habitats and pooled samples were made. The nutri-
tional and anti-nutritional composition of these WEPs were analysed follow-
ing standard food analysis methods. Nutritional analysis reveals that the
WEPs had important nutrients in the ranges of protein (4.00 to 21.66%), fat
(0.67 to 6.14%), fiber (10.06 to 22.28%), carbohydrate (38.11 to 82.99%), and
energy (274.99 to 371.05 kcal/100 g). Moreover, these WEPs contained sub-
stantial values of macro and micro minerals such as calcium (3.69 to 594.78
mg/100 g), potassium (440.61 to 1487.80 mg/10 0g), sodium (174.87 to 277.42
mg/100 g), magnesium (68.19 to 588.06mg/100 g), iron (0.83 to 38.46mg/100
g), zinc (2.41 to 5.94 mg/100 g), and copper (0.06 to 0.49 mg/100 g). The
anti-nutritional composition of fiveWEPs ranged from phytate (8.60 to 307.33
mg/100 g, condensed tannin (5.76 to 328.96 mg/100 g), and oxalate (43.68 to
443.87 mg/100 g). These results demonstrate that these WEPs had a signif-
icant source of food nutrients that contribute to dietary diversification, and
food and nutrition security in rural people of southwest Ethiopia and else-
where in the tropical country. Additionally, these research outputs provide
baseline information for the food industry, policymakers, and community nu-
trition.
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Rice milling and parboiling trade-offs for economic and
nutritional gains in West Africa
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Rice is a major source of nutrients, largely contributing to the food and nu-
trition security of millions of people in West Africa. The role of rice in the
diets of West Africans is projected to keep increasing with the triple influ-
ence of urbanisation, consumer preference and demographic growth. Rice’s
inherent properties and its suitability for the preparation of local dishes (spe-
cific culinary suitability) are affected by processing methods, which influ-
ence consumer acceptance and market price. To respond to consumer pref-
erences and hence attract premium prices, rice processing commits to qual-
ity upgrading, but may compromise grain nutrient content – generally a cre-
dence attribute. Although consumers generallymanifest heterogeneity in rice
preferences, empirical evidence points to a few attributes guiding the choices
that commonly define the premiums. Hedonic pricing models have steadily
shown that consumers are willing to pay price premiums for head rice, rice
that cooks fast, slender grains, low-intermediate amylose, parboiled rice, and
rice with high swelling capacity. But they strongly discount rice that is chalky,
high in amylose and with impurities. Higher milling degree increases grain
crystallinity, slenderness, and lightness, while decreasingmilling returns, head
rice, proteins, lipids, micronutrient, phytate and arsenic contents. Rice par-
boiling increases milling returns, head rice, water soluble vitamins, Fe and ar-
senic content, and reduces crystallinity, starch digestibility, lipid, phytic acid
and Zn content. Information on the optimummilling and parboiling regimes
that provide both economic and nutritional gains to society is scanty in the
literature and is organised in a way that does not easily inform technological
and policy changes. If milling is not extensive, parboiling appears to provide
a better economic and nutritional trade-off. However, the process consumes
water, energy, time and generates GHG emissions, which can be mitigated
when improved parboiling equipment and methods are used.
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A gentle push towards behaviour change: Designing nudge
interventions to increase hygiene and food safety at pork

joints in Uganda
KRISTINA ROESEL1, STEVEN KAKOOZA2, DENIS MUGIZI1, JOSHUA WAISWA2, VELMA

KIVALI3, JAMES BUGEZA3, LILLIAN DIAZ4, ELIZABETH COOK1
1International Livestock Research Institute (ILRI), Animal and Human Health, Kenya
2Vétérinaires sans Frontières Germany, Uganda
3International Livestock Research Institute (ILRI), Animal and Human Health, Uganda
417 Triggers, Cambodia

Most of the perishable food in low- and middle-income countries is sold in informal
markets where food handlers are not usually trained in good hygienic practices. There
are different approaches to improve food safety in those markets, some of which in-
clude capacity building. However, one-off trainings are not usually sustainable as be-
haviours are deeply rooted and often lead to unconscious practices that can increase
risk of food contamination. Close follow-up is intense in terms of human and financial
resources. Nudges have been described to influence behaviour with varying results,
partly depending on whether they have been imposed on or co-created with the end-
users. In this study we describe the human-centred-design process from identifying
critical control points between slaughter and retail to co-creating nudges that could
potentially lead to better compliance of meat handlers in Uganda with good hygienic
practices. Three of the WHO “Five Keys To Safer Food” were selected as the target be-
haviours to improve. The qualitative research was implemented in the greater Kam-
pala area between October 2020 to December 2021 and involved 119 meat handlers,
pork joint customers, food safety and veterinary technical experts and over 20 project
stakeholders. Findings from the initial ‘explore’ phase generated a number of insights
on meat handlers’ perceptions and attitudes that were later used to generate ideas
and solutions in co-creating nudges during the ‘experiment’ phase: 1) Meat handlers
eat the pork they handle at work and have low risk perception; 2) Meat handlers feel
their practices are acceptable; 3) Meat handlers see ‘broken windows’ which set the
norm for unhygienic behaviour; 4)Meat handlers follow the path of least resistance; 5)
Meat handlers keep up appearances for customers; and 6) Owners want to see returns
on hygienic investments. Fourty-two early prototypes were co-created with potential
end users and after several iterations, two nudge kits emerged, e.g. the “Keep Clean
Loop” and the “TricolourKitchen”. In a subsequent pilot testwe assessed if the nudges
help reducing the burden of foodborne pathogens and if behaviour of meat handlers
changes sustainably.

Keywords: Behaviour, food safety, hygiene, meat handler, pork, Uganda
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Nutritional enhancement of Kenyan porridges: Chia seed and
oyster mushroom fortification

ALICE NDUNGE CHARLES1, SUSAN CHEMUTAI1, SENDEKU TAKELE ALEMENH2,
MONICA MBURU1, DANIEL NJOROGE1, VIKTORIA ZETTEL2

1Dedan Kimathi University of Technology, Inst. of Food Bioresources Technology, Kenya
2University of Hohenheim, Process Analytics and Cereal Science, Germany

The CHIAM project is an ambitious initiative that seeks to develop a climate-smart
solution for sustainable food systems in Africa, addressing the complex challenges
presented by the Food Systems and Climate (FOSC) call. To achieve this, the project
emphasises the introduction of innovative agricultural technologies and the compre-
hensive redesign of the existing African agri-food value chain. This approach is aimed
at substantially increasing resilience, sustainability, and circularity in the region’s food
systems. A key component is the implementation of a chia-mushroom-pig biogas
value chain, which plays a crucial role in diversifying and strengthening the resilience
of African food systems in the face of climate change impacts. In collaboration with
themain CHIAMproject, the project partner in Germany isworking on fortifying local
staple foodswith chia seeds and oystermushrooms, with an aim of providing essential
nutrients to the local communities. To assess the potential benefits of this fortification,
traditional Kenyan porridges made from white maize, sorghum, and pearl millet are
being examined for improvements in nutritional quality and technological effects. Re-
searchers are employing various analytical tools, such as the Rapid Visco Analyzer
(RVA), rheological measurements, and texture profile analysis, to determine the im-
pacts of the cereal substitution on the porridges. Porridge recipes consist of one part
maize, sorghum, or pearl millet flour, combined with two or four-fifths parts water,
resulting in thick or thin porridge, respectively. Substitution levels of 3%, 6%, and 9%
of the cereals are being tested with ground chia seeds or oyster mushrooms, as well
as combinations for thick porridge. Preliminary findings indicate that when maize
flour is replaced with increasing amounts of oyster mushrooms, the peak viscosity, as
measured by RVA, is reduced. In contrast, incorporating higher amounts of chia seeds
into the porridge recipes results in increased viscosity and strength, even though the
values remain below standard levels. These observations suggest that a higher chia
seed content leads to an increased water-binding capacity within the porridge, po-
tentially improving its overall quality. More experiments are currently ongoing, and
more comprehensive results will be presented at the upcoming conference.

Keywords: Chia, nutritional enhancement, oyster mushroom, porridge
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Empowering sustainable shea butter processing:
A decentralised energy access solution for Burkina Faso

BIGNON STEPHANIE NOUNAGNON1, SEBASTIAN ROMULI2,
YRÉBÉGNAN MOUSSA SORO1, JOACHIM MÜLLER2

1International Inst. for Water and Environmental Engineering, Lab. for Renewable
Energies and Energy Efficiency, Burkina Faso

2University of Hohenheim, Inst. of Agricultural Engineering, Tropics and Subtropics
Group, Germany

Shea (Vitellaria paradoxa), a native sub-Sahara African tree growing in dry-
savannah regions is highly valued by the cosmetic, pharmaceutical, and food
industriesworldwide. However, due to inaccessibility to processing resources
namely electricity and water, shea kernels grown in rural areas are exported
to urban regions or abroad at extremely low prices. The shea kernels are there
proceeded into highly-valued products i.e. shea butter and other refined sub-
products. This study intends to design a sustainable and decentralised en-
ergy access-based solution for shea butter processing chain in rural regions.
Considering current energy access portfolio trends in sub‑Saharan Africa, so-
lar photovoltaic has been targeted as the principal power technology. Shea
butter extraction experiments were conducted under local conditions at an
oil milling company in Toussiana, Burkina Faso. The electrical powering sys-
tem was designed and sized using Homer Energy Pro software considering
the connection of both the total loads and only critical loads of the process-
ing facility. Sensitivity analysis was carried out based on the overall targeted
shea butter production and unused excess electricity generated during off-
processing periods of the year. Preliminary results show that a solar photo-
voltaic power system is effective for shea butter processing when production
operations are carried out continuously throughout the year and during day-
time. In addition, monitoring the efficiency of the appliances highlighted that
up to 40% of the required energy is saved by switching to efficient electrical
motors and upgrading the wiring system. The research perspectives include
cost-benefit analysis as well as supply and demand side monitoring to ensure
power quality aspects to meet the IEEE 519–2014 standards.

Keywords: Economic feasibility, energy access, energy efficiency, shea butter

Contact Address: Bignon Stephanie Nounagnon, International Inst. for Water and Environ-
mental Engineering, Lab. for Renewable Energies and Energy Efficiency, Rue de la science,
01 BP 194 Ouagadougou, Burkina Faso, e-mail: stephanie.nounagnon@2ie-edu.org

ID 800 523





Food and nutrition security
a) Food system diversification for food security 527
b) Food environment and consumer behaviour for improved nu-

trition and health 555

525





Food system diversification for food
security

Oral Presentations
NIXON MURATHI KIRATU, EEFJE AARNOUDSE, MARTIN PETRICK:
Pathways to nutritional outcomes for different irrigation
arrangements: Evidence from smallholder households in
rural Kenya 530
MARTHA ATAA-ASANTEWAA, MIRJAM ROS-TONEN, BART DE
STEENHUIJSEN PITERS, JOYEETA GUPTA:
Food system transformation for sustainable food and nu-
trition security for all: What place for smallholder tree-
crop farming? 532
DANIEL GRIMM, ENNO SONNTAG:
The potential of mushroom production for food security
and farmer incomes in Uganda 533
GARI DUGUMA, FEKADU BEYENE, KEBEDE DUGA:
Impacts of social capital and rural households’ livelihood
strategies on food/nutrition security and income 534
RICHARD ALIOMA, BHO MUDYAHOTO:
Impacts of biofortifiedbean adoption onproductivity, in-
come, and nutritional outcome: The case of Zimbabwe 535

Posters
EMMANUELDONKOR,MICHAEL FREI, SALINDINDENG, DOMINIQUE
VAN DER STRAETEN, CHRISTOPHE MATTHYS, ALISDAIR FERNIE,
TIZIANA DE-MAGISTRIS, PATRICK TEIXEIRA, CHIJI OJUKWU, P. C.
SIBIRY TRAORÉ, ROUSSEAU DJOUAKA, SHARON CHACHA, MUBE
K. HERVÉ , PAUL Z. DIBY, INA DANQUAH, RODRIGUE KAMGA,
IRMGARD JORDAN, KASSI ELIA, BENEDIKTEGRENOV, JULIANAKIIO,
HARIS I. PARVEZ , TSANKO GECHEV:
Combatingmalnutrition inAfrica throughdiversification
of the food systems 536

527



Food and nutrition security

SUSANNE BODACH, ARUNI NARMADA ATHUKORALA, HASINTHA
WICKRAMAARACHCHI:
From waste to relief: Unlocking the potential for food
rescue in low- and middle-income countries 538
IRMGARD JORDAN, BEATRIZ HERERA, FRANCIS ODUOR, YUKO
MURAMATSU, MARIA GERSTER-BENTAYA, ANDREA KNIERIM,
CÉLINE TERMOTE:
Kitchen gardens reduce time needed to access vegetables:
A qualitative study in Turkana, Kenya 539
NIXON MURATHI KIRATU, EEFJE AARNOUDSE, MARTIN PETRICK:
Intra-household factors under different irrigation arrange-
ments affecting irrigation-nutrition pathways in small-
holder farm households in Kenya 540
AFFIA SONMIA FRANCIAKOSSONOU, VENANCE-PÂQUESGNIAYOU
KOUADIO, BRUNO KOUASSI KPANGUI, CONSTANT YVES ADOU
YAO:
Women, products fromassociated specieswith cocoa trees
and food security of cocoa-producing households in
central Côte d’Ivoire 541
SAFIYYA KASSIM, WILLIAM NKOMOKI:
Promoting food security in Zimbabwe by addressing
adoption challenges for female farmers: Pfumvudza agri-
cultural program 542
MATTHIAS FINCKH, DANIEL CALLO-CONCHA, OLIVER FRÖR:
Livelihood diversity, dietary diversity and resilience:
Findings from rural households in the Bolivian Amazon 543
JAMES BOSOMTWE QUAICOE:
The significance of social capital for smallholder farmers:
Selected evidence on welfare from Kenya 544
WILLIAM NKOMOKI, SAFIYYA KASSIM, EBENEZER DONKOR,
THEOPHILUS LARBI:
Off-farm livelihood diversification enhances food
security among cocoa farmers in Ghana 545
BERNARDKWAMENACOBBINAESSEL, EMMANUEL TETTEH JUMPAH:
Rural entrepreneurship and food insecurity in Ghana 546
KEBEDE CHAKA, DEGEFA CHAKA:
Enhancing sustainable food security and transforming
food systems in four woredas of Gurage zone, Ethiopia 547
NAGHMEHMOBARGHAEE, HOUMANLIAGHATI,MOSTAFAKESHTKAR,
SABA SHOKROLLAHI:
Spatial modelling of food product ecosystem service for
evaluated food security in Iran (case study: Qazvin
province) 548

528



Food system diversification for food security — Contents

Online posters
FERDINAND KAMIDI ISABU, OSCAR INGASIA AYUYA, ERIC OBEDY
GIDO:
Assessing the factors influencing fish consumption
frequency among households in Kibera informal
settlement 549
SARA ASHOUR:
Can trade facilitation policies help mitigate future food
crises? Evidence from the Kingdom of Jordan 550
GHISLAIN B. D. AIHOUNTON, WADOUDOU MAKPENON,
EKUNDAYO GLORIA CHRISTELLE GBENOU:
Do agricultural cooperatives enhance rural
transformation? 551
DORCAS FADOJU, OLUFUNMILOLAADESIYAN, DAMILOLAADEOMI
:
Effects of credit constraints on the welfare of farm house-
holds in Southwest Nigeria 552
MALIKATH BANKOLE, SAM BODJRENOU, MÉLINA HOUNDOLO,
WALIOU AMOUSSA HOUNKPATIN, CÉLINE TERMOTE:
Sociocultural factors influencingproduction and consump-
tion of fruits and vegetables in Boukombé in northern
Benin 553
IFEOLUWA OLA, OLUWAFUNMISO ADEOLA OLAJIDE:
Effect of food environment on urban dwellers’ dietary
diversity in southwest Nigeria 554

529



Food and nutrition security

Pathways to nutritional outcomes for different irrigation
arrangements: Evidence from smallholder households in

rural Kenya
NIXON MURATHI KIRATU1, EEFJE AARNOUDSE2, MARTIN PETRICK1

1Justus-Liebig University Giessen, Inst. of Agricultural Policy and Market Research,
Germany

2Bonn-Rhein-SiegUniversity of Applied Sciences, Intern. Centre for Sust. Dev., Germany
Irrigation is considered a viable approach to improve household nutrition as
well as galvanize local and regional food systems against vagaries such as cli-
matic change. However, the pathways through which nutritional outcomes
of smallholder households involved in different ways of irrigating are under-
studied and scantly documented. Though the suggested pathways of achiev-
ing nutrition through irrigation are production, income, water sanitation and
hygiene andwomen’s empowerment, the linkages to nutritional outcomes are
not understood well and often, nutritional measurement approaches neglect
the households’ most vulnerable members; women and children. Moreover,
the existing scarce literature analyses these pathways handling irrigation as
a uniform agricultural input. This study took the standpoint that irrigation
is diverse and different irrigation arrangements (i.e. socio-technical set-up in
which irrigation takes place) affect household nutritional outcomes through
different pathways. Data from irrigating farm households in the public irriga-
tion scheme and farmer led irrigation arrangements were used in this study
from a cross-sectional household survey data from Kenya. Results from ir-
rigation as an aggregated input variable are also given for clarity and com-
parison purposes. The results are from a simultaneous equation model that
was employed to investigate pathways through which irrigation and differ-
ent irrigation arrangements attain household nutritional outcomes sensitive
to women and children. The results showed that the different irrigation ar-
rangements have different nutrition-outcome pathways. The results revealed
that overall irrigation affects production diversity, farm income and women
empowerment and nutrition-outcomes were improved through production
diversity and income pathways. The farm households in the public irriga-
tion scheme arrangements attained better nutritional outcomes through the
production diversity pathway even though this irrigation arrangement pos-
itively affects production diversity, income and women empowerment. The
farmer-led irrigation arrangement was found to positively affect farm income
and women empowerment and these two pathways were found to lead to

Contact Address: Nixon Murathi Kiratu, Justus-Liebig University Giessen, Inst. of Agri-
cultural Policy and Market Research, Unterhof 69-1006, 35392 Giessen, Germany, e-mail:
nixonstudy@gmail.com
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improved household nutritional outcomes. This study provides plausible ev-
idence that different irrigation set-ups have diverse irrigation-nutrition im-
pact pathway as well as different impact on nutritional outcomes. Conse-
quently, there is need for specific policy interventions based on irrigation ar-
rangements as opposed to a unilateral policy encompassing irrigation.

Keywords: Irrigation-arrangements, Kenya, nutrition, pathways, simultaneous-
equation-model, smallholder-households, women empowerment

ID 255 531



Food and nutrition security

Food system transformation for sustainable food and
nutrition security for all: What place for smallholder

tree-crop farming?
MARTHA ATAA-ASANTEWAA1, MIRJAM ROS-TONEN1,
BART DE STEENHUIJSEN PITERS2, JOYEETA GUPTA1

1University of Amsterdam, Dept. of Geography, Planning and International
Development Studies, Amsterdam Inst. for Social Science Research, The Netherlands

2Wageningen University, Wageningen Economic Research, International Policy
Subdivision, The Netherlands

Food system transformation has become ever more critical in the wake of the impacts
of climate change and the COVID-19 pandemic to ensure food and nutrition secu-
rity for all in a sustainable manner. Much attention goes to smallholder agriculture
and food production, which provide 50–70% of global food production. However,
much less is known about how a growing focus on high-value tree crops that link
farmers to global value chains affects farming households’ food and nutrition secu-
rity. This paper aims to analyse these implications for Ghanaian tree-crop farming
households who engage in cocoa and oil palm value chains. We use a mixed-method
approach, including surveys, and interviews to analyse food availability, access, util-
isation, and stability, and critical dimensions of food sovereignty, such as autonomy
and the sustainability of production. We found that most households depend on their
food production. However, total household food and nutrition security depends on
the household’s income capacity and own food production. While engagement in tree-
crop production assures some income capacity, the required income capacity is only
met by households that engage in multiple tree crops, while most single tree-crop and
landless households face seasonal food insecurity due to their low incomes. Dietary
diversity was similar amongst all household types proving that high-income capacity
does not automatically lead to better nutrition as households spend money on other
things or non-nutritious foods. Food and nutrition security was better among cocoa-
farming households than oil palm households proving the importance of having the
autonomy to intercrop food and tree crops in the wake of declining food-crop lands
due to tree-crop expansion. While cocoa farmers have the autonomy to intercrop, oil
palm farmers lose that autonomy, particularly when engaged in outgrower schemes.
The sustainability of smallholder food-crop production depends on intercropping, but
the overuse of agrochemicals like weedicides remains a major threat to sustainable
food production. The findings reveal critical entry points to a just food system trans-
formation that ensures sustainable food and nutrition security for all and highlights
the importance of considering heterogeneity among smallholders and their produc-
tion context as a starting point for equitable food system transformation.

Keywords: Cocoa, Ghana, household food and nutrition security
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The potential of mushroom production for food security and
farmer incomes in Uganda
DANIEL GRIMM, ENNO SONNTAG

Thuenen Institute of Organic Farming, Germany

It is common practice for smallholder farmers in Uganda to burn maize straw
on the field after harvest. This quickly clears the fields for ploughing and sow-
ing but it pollutes the air and reduces the carbon content and fertility of soils
over time. Instead, maize crop residues can be used as a substrate for oyster
mushroom cultivation following a low-tech procedure. Oyster mushrooms
are an esteemed food inUganda and their production can increase the amount
of food, especially protein, produced per hectare, thus contributing to food
security. The revenue from selling oyster mushrooms can furthermore help
to diversify farmer incomes. To assess the potential of this idea, we carried
out a case study in Kibale, Uganda. We first quantified maize yields and the
amount of crop residues on different fields over two seasons and interviewed
the respective farmers regarding agricultural practices. We took samples of
maize grains and crop residues and analysed them for proximate composi-
tion, carbon and nitrogen content. Then, we cultivated oyster mushrooms on
the crop residues to assess their production potential. We show how much of
the maize crop residues can be converted into edible mushrooms and spent
mushroom substrate, which can be used as an organic fertiliser. Finally, we
interviewed mushroom farmers in and around Kampala, to learn about the
state and constraints of local production technology markets and identified
substrate availability as a key challenge. We combine fieldwork, experimental
data and interviews, to show that there is a considerable potential for produc-
ing oyster mushrooms on maize crop residues in Uganda. Furthermore, we
discuss obstacles to adoption of this approach and potential environmental
pitfalls.

Keywords: Circular enonomy, food security, mushrooms, recycling, small-
holder farming, soil fertility
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Impacts of social capital and rural households’ livelihood
strategies on food/nutrition security and income

GARI DUGUMA1, FEKADU BEYENE1, KEBEDE DUGA2
1Haramaya University, Agricultural Economics and Agri Business, Ethiopia
2Keam Business and Development Consultants Plc, Management and Programme
Operations, Ethiopia

Food demand worldwide is always rising, hence increasing smallholder farmers’ pro-
ductivity and production through appropriate livelihoodmethods in order to address
the issue is essential. As the most important resources for livelihoods, social capital
has effects on rural household’s livelihood strategies. The food system of rural house-
holds, which are typically impacted by climatic and non-climatic shocks, is influenced
by both the state of social capital and household livelihood strategies. Food security
is impacted by social capital by enhancing the pillars of food security (food availabil-
ity, food accessibility, food consumption, and food system stability). The household’s
participation in local organisations leads to the exchange of food goods and infor-
mation, which makes food more readily available and accessible. The degree of so-
cial capital, like Ethiopia, has a significant impact on rural households’ access to food
and nutrition as well as income level. Data was collected from 400 randomly selected
households in 2023 from North Showa, Ethiopia. The results of a multinomial en-
dogenous switchingmodel show that participation in farming and non-farming liveli-
hood strategies increases farm households’ food and nutrition security status by 25%,
while participation in farming and off-farming livelihooddiversification strategies and
farming with both non-farming and off-farming livelihood diversification strategies
increases households’ food and nutrition security by 43 and 37%, respectively, over
non-diversified households. The sample households’ high and very high levels of local
organisation engagement improve the food security status of farm households by 33
and 38% in comparison to low level participant households, respectively (statistically
significant at the 1% probability level). The impact evaluation of mean comparison
results demonstrates that very high level participation in the local social organisation
boosts farm households’ livelihood diversification techniques by 40% compared to
low participant households. Similarly, having high levels of social trust in the commu-
nity increases farm households’ livelihood diversification strategies by 59% over low-
trust households. Thus, the findings of this study are predicted to offer a substantial
contribution as policy and strategic inputs in establishing rural livelihood improve-
ment programmes, besides stallholder farmers’ improvement of their food/nutrition
security, income and quality of life and food systems improvement in rural areas.

Keywords: Endogenous switching model, Ethiopia, food/nutrition security, liveli-
hood strategies, social capital
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Impacts of biofortified bean adoption on productivity,
income, and nutritional outcome: The case of Zimbabwe

RICHARD ALIOMA1, BHO MUDYAHOTO2

1University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

2International Food Policy Research Institute (IFPRI), Zimbabwe

Enhancing agricultural productivity by adopting proven technologies presents a credi-
ble pathway to economic development andmicronutrient deficiency reduction. Adopt-
ing improved biofortified beans has the potential to contribute to economic develop-
ment and micronutrient reduction. Few studies provide evidence of the linkage be-
tween adopting iron beans, income, and nutritional outcomes. The study assessed the
impact of iron bean adoption on bean yield, agricultural income and disability life-
adjusted years saved. The study uses nationally representative cross-sectional data
collected from 1517 respondents across seven provinces in Zimbabwe. First, we use
the triple hurdle that integrates awareness, planting, and area allocation decisions to
estimate the determinants of biofortified bean variety adoption. Secondly, we esti-
mate the effect of adopting iron beans on yield and income using endogenous switch-
ing regression, which addresses the endogeneity challenges. Lastly, we estimated the
disability life years saved due to the adoption of biofortified beans. The results in-
dicated that 56% of the respondents know biofortified beans, and 28% planted iron
beans in 2022. The descriptive has shown that adopters of iron beans are older, have
larger family sizes, smaller farm sizes, and are more likely to irrigate their bean plots.
Adopters use more bean seeds and are less likely to use herbicides. The economet-
ric results indicated that land owned, the household head’s age, education level, and
bicycle ownership determine awareness of iron beans. The determinants of planting
iron bean variety are household size, education of the household head and owning a
mobile phone. The source of seed, fertiliser application and irrigation of the bean plot
influenced the area under iron beans. The adoption of iron beans did not increase the
bean yield of the adopters; however, it had a positive and significant effect on agricul-
tural incomes. The reduction of the total disease burden through adopting iron beans
was 1.3%. Overall increasing access to seed of iron beans would make households
earn more incomes, and consumption of iron beans would contribute to the reduction
of disease. It is essential to understand the mechanism through which the adoption of
iron beans leads to increased incomes since there were no yield differences.

Keywords: Biofortified beans, nutritional outcomes, technology adoption, Zimbabwe
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the food systems
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Africa faces persistent undernutrition, micronutrient deficiencies and grow-
ing rates of overweight, obesity, and diet related diseases known as the triple
burden ofmalnutrition. These nutritional problemsnot only overburdenhealth
care system but also undermine economic growth and development inAfrica.
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HealthyDiets4Africa is a transdisciplinary project with partners from 12
African and nine European countries that aims to harness the potential of
food systems diversification to address malnutrition and improve food and
nutrition security in Africa. Our central hypothesis is that diversifying dif-
ferent elements of the food chain will improve nutritional health and reduce
malnutrition in Africa, while achieving economic and environmental bene-
fits. Our overall goal is to build sustainable food systems through diversifica-
tion in Ivory Coast, Benin, Ghana, Liberia, Nigeria, Cameroon, Uganda, and
Kenya. Diversification can occur at different stages of the food value chain,
including production, supply chains, and consumption, and at various levels
of organisation, ranging from the farm to scaling at the continental level. The
project will engage the different food value chain players, policy makers and
key partners and apply interdisciplinarymethodology to actualize the project
goals. To achieve the overall goal, the project is organised into four clusters.
Cluster 1 includes mapping and monitoring of dietary diversity and evaluat-
ing determinants of dietary diversity within the food environment. Cluster 2
involves assessing nutrient diversity in traditional, underutilised, and novel
foods anddiversifying agricultural production and foodprocessing. Cluster 3
entails co-designing and assessing economic acceptability of diversified diets
and novel food products, enhancing food safety through dietary diversifica-
tion, and evaluating impacts of diversification on health outcomes. Cluster
4 involves the establishment of scaling infrastructure to promote adoption of
approaches towards diversified food systems and enabling better policy en-
vironment and strengthening stakeholders’ capacities on all relevant levels to
promote informed decision-making processes. In line with the objectives of
the EU Green Deal and the global elements of the EU Farm-to-Fork Strategy,
HealthyDiets4Africa aims to contribute to the transformation of food systems
in Africa through diversification to make them more resilient, sustainable,
and climate-friendly, while improving the supply of safe, nutritious, and af-
fordable food to combat malnutrition.

Keywords: Diversification, food and nutrition security, food systems, food
value chains, innovations, interdisciplinarymethodology, Sub-SaharanAfrica,
sustainable diets
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From waste to relief: Unlocking the potential for food rescue
in low- and middle-income countries
SUSANNE BODACH, ARUNI NARMADA ATHUKORALA,

HASINTHA WICKRAMAARACHCHI
International Water Management Institute (IWMI), Sri Lanka

Food rescue has emerged as a promising approach to address the interrelated issues of
food insecurity and food waste. According to the food waste hierarchy, the next best
strategy after foodwaste prevention is to donate surplus food for human consumption.
However, while some countries have well-established networks of charities and gov-
ernment support to promote surplus food donation, food rescue in most developing
countries is often less structured and smaller in scale.
To gain insights into the current landscape of food rescue, this study thoroughly ex-
amined existing food rescue operations and systems, mainly from the UK, Singapore,
Malaysia, India, and the Philippines. The study also analysed several countries’ food
rescue policy environments to understand how an enabling environment can be cre-
ated. A particular focus was set on food safety being a critical consideration when
rescuing and donating surplus food. Simplified food safety guidelines, staff training,
and adequate storage and transportation facilities are crucial to food safety.
Effective partnerships between food rescue organisations, food businesses, govern-
ment agencies, and other stakeholders are also critical to the success of food rescue
efforts. The study found a need to develop such partnerships in developing countries,
where they may be less established than in the Global North.
To facilitate the development of an enabling environment for food rescue in low- and
middle-income countries (LMICs), the study developed a set of templates, including
relevant food safety guidelines, partnership contracts, and policy templates. These re-
sources can serve as valuable tools for stakeholders in LMICs to promote and enhance
food rescue efforts.
In conclusion, this presentation will provide essential insights into the current land-
scape of food rescue, including key challenges and opportunities for improvement. By
examining existing policies, partnership frameworks, and food safety challenges, this
study offers a roadmap for stakeholders to promote food rescue that can help address
food insecurity and food waste.

Keywords: Circular economy, food rescue, food security, food waste, food waste pre-
vention, food waste redistribution, partnerships, surplus food donation, waste
reduction
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Kitchen gardens reduce time needed to access vegetables:
A qualitative study in Turkana, Kenya

IRMGARD JORDAN1, BEATRIZ HERERA2, FRANCIS ODUOR1, YUKO MURAMATSU2,
MARIA GERSTER-BENTAYA2, ANDREA KNIERIM2, CÉLINE TERMOTE1

1The Alliance of Bioversity International and CIAT, Food Environment and Consumer
Behaviour, Kenya

2University of Hohenheim, Inst. of Social Science in Agriculture, Chair of Communica-
tion and Adivisory Services in Rural Areas, Germany

The food environment is the context in which people select, acquire, prepare, and con-
sume food and is thus a determinant of diet quality and nutritional outcomes as people
mainly consume what is within their physical and economic reach. Findings from a
food environment assessment showed limited options to select and acquire vegeta-
bles and fruits and low dietary diversity at household level. Ten randomly selected
Community Units in Turkana (semi-arid/arid) were invited to co-create community
action plans to enhance access to vegetables. Most communities established kitchen
gardens. Ten Focus-Group-Discussions (FGD) were held to evaluate the impact of
the KG including 43 men, 46 women from the study group. Discussion focused on:
i) what participants liked about the project? ii) what is the impact on individuals,
households, the community? iii) which challenges occurred, how were they solved?
iv) how children and women were affected by the project? Coding was done in cy-
cles and categories of analysis were developed. Baseline showed that the perceived
distance to the preferred marketplace to purchase food ranged from 16 up to 210 min-
utes. The FGD showed that the implementation of the kitchen gardens reduced the
time needed to access vegetables but also the budget needed to spend on vegetables
as no transport fees were needed. Participants reported that access of vegetables, sold
or shared with neighbours, generally improved dietary diversity in the communities
and especially of the children. Parents perceived their children to be healthier. Water
scarcity hindered KG activities and households reported to have used income from
vegetable sales for paying others for water fetching. Without access to vegetables and
fruits a diverse diet is not possible which is associated with a high risk for malnutri-
tion. In the study area vegetable and fruit production is limited due to water scarcity.
At the same time the poverty level in Turkana is high and associated with high levels
of food insecurity. The limited opportunities to purchase vegetables and fruits in the
surveyed region calls for public health measures which enhance the market availabil-
ity of fruits and vegetables at affordable prices.

Keywords: Co-creation, community actionplans, dietary diversity, food access, kitchen
gardens, time allocation
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Intra-household factors under different irrigation
arrangements affecting irrigation-nutrition pathways in

smallholder farm households in Kenya
NIXON MURATHI KIRATU1, EEFJE AARNOUDSE2, MARTIN PETRICK1

1Justus-Liebig University Giessen, Inst. of Agricultural Policy and Market Research,
Germany

2Bonn-Rhein-SiegUniversity of Applied Sciences, Intern. Centre for Sust. Dev., Germany

Women empowerment, production diversity and farm income remain three vital nu-
trition pathways for irrigating smallholder farmhouseholdswithin sub-SaharanAfrica
local food systems. Interlinkages of these pathways with household factors makes it
a key entry point for nutrition-sensitive food system initiatives. Unfortunately, fac-
tors affecting irrigation-nutrition pathways remain largely understudied. Addition-
ally, socio-technical set-up in which irrigation takes place has given rise to different
irrigation arrangements that necessitates intricate disaggregated analysis. Such anal-
ysis is missing in literature despite its dire need and ramification to policy and de-
velopmental course of the region. Using cross-sectional data from smallholder farm
households in farmer-led irrigation (FLI) and public irrigation scheme (PIS) arrange-
ments in rural Kenya, a Heckman two-step regression model is used to analyse intra-
household factors that affect the three irrigation-nutrition pathways and dietary diver-
sity. Results show that women empowerment in FLI households was affected by age
of household-head, asset ownership and primary female decisionmaker’s community
group membership. In PIS households, it was affected by household-size, renting-in
land and decision-making and credit access dynamics within the household. House-
hold access to credit and land access were found to be significant determinants of
production diversity for households in PIS arrangement while access to hybrid seeds
affected it for households in FLI arrangement. Land tenure and livestock keepingwere
found to be key determinants of production diversity across irrigation arrangements.
Factors related to land access significantly impacted farm income for households in
both irrigation arrangements. Hybrid seeds and group membership by the primary
female decision maker were found to be determinants of farm income for PIS and
FLI households respectively. Dietary diversity of FLI households was determined by
access to credit by the primary female decision maker and to non-farm income and
in-kind credit. Assets and age of the household head were found to affect dietary
diversity of PIS households. Livestock keeping determined dietary diversity for all
households. This research shows that different factors affect women empowerment,
production diversity and farm income in households in different irrigation arrange-
ments. There is therefore need to have policy specific approaches and initiatives that
makes irrigation more geared towards nutritional outcomes.

Keywords: Dietary diversity, farm income
Contact Address: Nixon Murathi Kiratu, Justus-Liebig University Giessen, Inst. of Agri-
cultural Policy and Market Research, Unterhof 69-1006, 35392 Giessen, Germany, e-mail:
nixonstudy@gmail.com

540 ID 476



Food system diversification for food security — Posters

Women, products from associated species with cocoa trees
and food security of cocoa-producing households in central

Côte d’Ivoire
AFFIA SONMIA FRANCIA KOSSONOU1, VENANCE-PÂQUES GNIAYOU KOUADIO2,

BRUNO KOUASSI KPANGUI3, CONSTANT YVES ADOU YAO4
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3University Jean Lorougnon Guédé, Environment, Côte d’Ivoire
4University Félix Houphouët-Boigny, Switzer Centre of Scientific Research (CSRS),
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Products from companion species of cocoa trees are among the natural resources that
women in central Côte d’Ivoire use to diversify household food consumption and im-
prove their income. The lack of data to assess the importance of species associated
with cocoa trees to the food security of the households visited is one of the obstacles to
their promotion. The objective of this study, carried out in central Côte d’Ivoire in the
forest-savannah transition zone, was to analyse the contribution of species associated
with cocoa trees in agroforestry systems to the diet and food security of households of
women involved in cocoa production in this rural area. To achieve this objective, semi-
structured interviews were conducted with women to collect data on their food habits
and consumption in order to assess the level of self-sufficiency and food security of
households. To do this, the CARI (Consolidated Approach to Reporting Food Secu-
rity Indicators) methodology, which is used to analyse food insecurity and establish
its prevalence within a population, was applied. Analysis of the data collected shows
that out of 268 women involved in cocoa production, more than 30% of women own
a cocoa farm. Concerning the species associated with cocoa trees, they are composed
of fruit and forest species. A total of 79 plant species have been identified, divided
into 67 genera and 31 botanical families. The species that are strongly present are
Musa paradisiaca, Persea americana,Citrus sinensis, Elaeis guineensis, andMangifera indica.
In general, the species associated with cocoa trees are used for self-consumption and
sale. For other services, they serve as a source of shade, pharmacopoeia, social aspect
(donation and reception of guests), as bio-fertiliser, lumber and firewood. The study
shows that 12% of households surveyed are food insecure, of which 4% are severely
food insecure and 8% moderately food insecure. Less than 25% of the populations
assessed were heavily engaged in coping, stress and crisis strategies at the time of this
work. These results shed more light on the contribution of cocoa-based agroforestry
systems to the survival of the local population and the level of food security.

Keywords: Cocoa agroforestry systems, Côte d’Ivoire, food security, food self-
sufficiency, gender
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Promoting food security in Zimbabwe by addressing
adoption challenges for female farmers:

Pfumvudza agricultural program
SAFIYYA KASSIM, WILLIAM NKOMOKI

Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences - Dept. of
Economics and Development, Czech Republic

The Pfumvudza agricultural program in Zimbabwe seeks to enhance food security
and agricultural productivity by promoting sustainable agricultural practices among
smallholder farmers. The program promotes the adoption of new agricultural prac-
tices, including crop diversification, conservation agriculture, and sustainable land
use, among farmers, particularly smallholder farmers. While the programme holds
great potential, female smallholder farmers in Zimbabwe encounter significant chal-
lenges in embracing and implementing it effectively. One of the primary obstacles
encountered by female smallholder farmers is limited access to essential resources
such as land, finance, and agricultural inputs. Insufficient access to land restricts
their ability to expand their farming activities and limits their potential yields. In-
adequate access to finance makes it difficult for them to invest in necessary inputs and
technologies, hindering their productivity. Additionally, limited knowledge and tech-
nical skills in the new farming practices pose a significant barrier. Lack of training
and awareness programs restricts their capacity to adopt innovative techniques and
adapt to changing agricultural trends effectively. Furthermore, gender inequalities,
cultural norms, and patriarchal attitudes restrict women’s participation and decision-
making power in agricultural activities, exacerbating these challenges. To promote
the widespread adoption and success of the Pfumvudza program, it is imperative to
address the structural and cultural barriers that hinder the participation and decision-
making power of female smallholder farmers. Hence, to overcome these barriers,
gender-responsive policies and programmes are necessary, ensuring equal access to
resources, knowledge, and decision-making for all farmers. By addressing these chal-
lenges, female smallholder farmers can fully participate in the Pfumvudza program,
contributing to improved food security and agricultural productivity. This study aims
to propose policy interventions and strategies (favorable to female smallholders) to
overcome these challenges. Research conducted in the Goromonzi district with 180
female farmers aims to identify practical approaches for empowering and enabling
women’s full participation in agriculture. By addressing the identified barriers and
promoting gender equality, the study aims to enhance food security, increase agricul-
tural productivity, and foster sustainable rural development in Zimbabwe.

Keywords: Conservation agriculture, female, food security, pfumvudza, smallholder
farmers, sustainable, Zimbabwe

Contact Address: William Nkomoki, Czech University of Life Sciences Prague, Fac. of Tropi-
cal AgriSciences; Dept. of Economics and Development, Kamycká 129, 16500 Prague, Czech
Republic, e-mail: nkomoki@ftz.czu.cz

542 ID 891



Food system diversification for food security — Posters

Livelihood diversity, dietary diversity and resilience:
Findings from rural households in the Bolivian Amazon
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Food security and resilience are of great importance to rural households and
closely connectedwith their livelihoods. In theAmazonbasin, the rural popu-
lation of Pando, Bolivia, traditionally lives from a combination of forest-based
activities, agriculture, livestock raring and wage jobs. Lately, rural house-
holds were subject to increasing changes driven by a growing road network,
immigration, and the exploitation of natural resources. So far there is little
information regarding the status of livelihood diversity, food security and
resilience in Pando. We hypothesise that the livelihood diversities of these
populations, determine their food security and their overall social-ecological
resilience, which are core issues for their sustainable development. Hence,
we applied a dietary diversity assessment (24h recall) and a socioeconomic
survey to rural households (n=91) and evaluated their interdependencies by
means of descriptive statistics as well as correlations and regression analyses.
Our results, shown that most households pursuit several livelihood activities
(typically one main and several side activities), among which the collection
of Non-Timber Forest products (predominantly Brazil nut) accounts for over
40% of their overall income. Household dietary diversity scores are on av-
erage high (9,25 out of 12) and range from 6 to 12 indicating a diverse diet.
However, against our expectations no significant correlation between house-
hold dietary diversity and livelihood diversity or specific livelihood activities
were detected. The households in the region were affected by diverse envi-
ronmental and socioeconomic shocks over the last years. Nevertheless, our
interviews indicate that the diversity of livelihood activities, and the access to
natural resources allowed households to shift between activities and thereby
softening the impact of external hazards. This work contributes to the grow-
ing number of research in the region to better understand the situation of the
rural population and thereby potentially improving policies to support local
livelihoods and preserve the tropical rainforests in the Pando region.

Keywords: Amazon, Bolivia, dietary diversity, food security, household
interviews, Pando, resilience, rural livelihood
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The significance of social capital for smallholder farmers:
Selected evidence on welfare from Kenya

JAMES BOSOMTWE QUAICOE
University of Hohenheim, Fac. of Agricultural Science, Germany

Poverty continues to be a challenge among smallholder farmers in Kenya. De-
spite the inundated interventions by the government to improve the welfare
situation among smallholder farmers, food security emerges among themany
socio-economic challenges that impede smallholder farmer welfare develop-
ment. While other physical and human capital interventions have already
been explored, the potential of social capital is not well-discovered to full
length.
This study investigates the significance of social capital on smallholder farm-
ers’ food security. To achieve the research objectives, a detailed review of
relevant literature was implemented together with empirical research. The
empirical research was carried out using a survey conducted in Kenya in 2013
and 2015. The ordered logistic model was employed to examine the signifi-
cance of social capital on smallholder farmer household food security. The
result of the study reveals that household connection and interaction in the
community are positively associatedwith household food security while con-
nection and interaction with its immediate relation reduce household food
security.
The conclusion was that social capital can potentially improve smallholder
farmers’ food security, but it would bemore beneficial to all households when
it is integrated with other food insecurity preventive strategies such as the
promotion of diversification, intensification of irrigation practices, and adop-
tion of innovative practices. Based on these results, it is recommended that
policymakers should consider integrating and strengthening social institu-
tions such as farmer based organisations (FBOs), farmer cooperatives, and
development groups among others that improve household interaction and
networking by supporting and promoting the tailored need for household
food insecurity coping strategies.

Keywords: Food security, social capital, welfare
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Off-farm livelihood diversification enhances food security
among cocoa farmers in Ghana

WILLIAM NKOMOKI, SAFIYYA KASSIM, EBENEZER DONKOR, THEOPHILUS LARBI
Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences; Dept. of
Economics and Development, Czech Republic

Cocoa farming in Ghana, a crucial income source for smallholder farmers,
faces multiple challenges including limited profitability, sustainability con-
cerns, poor yields, and household food insecurity. To mitigate risks, farm-
ers are increasingly engaging in off-farm activities for income diversification.
This research explores the socioeconomic factors influencing off-farm engage-
ment, evaluates its impact on income diversification and output, and investi-
gates the limitations of cocoa production in the study area. Datawas collected
through interviews and surveys, employing descriptive statistics, regression
analysis, and nonparametric tests. The study emphasises the significance of
off-farm work in boosting income and output for cocoa farmers. Age, farm-
ing experience, and land ownership influence the likelihood of engaging in
off-farm jobs. Age and land ownership positively correlate with off-farm en-
gagement (P-value 0.066 and 0.010, respectively). At the same time, farming
experience exhibits a negative correlation, suggesting that less experienced
farmers are more likely to adopt off-farm jobs. Limited access to credit and
health concerns also play a role in off-farm engagement among cocoa farmers.
Several challenges associated with cocoa production were uncovered, includ-
ing limited land size, ageing farmers, child labour, unfavourable land tenure
laws, and climate change. Farmers with off-farm jobs demonstrated higher
incomes and outputs than those without such diversification. These find-
ings contribute to the understanding of sustainable cocoa farming and rural
livelihood strategies in Ghana, emphasising the importance of promoting off-
farm opportunities to enhance income and household food security. Based
on these findings, policy recommendations are proposed: promote off-farm
opportunities, improve access to credit, implement sustainable land manage-
ment practices, provide farmer education and training, and strengthen efforts
to eradicate child labour. These recommendations aim to support sustainable
cocoa farming, increase farmer incomes, improve household food security,
and create a resilient agricultural sector in Ghana.

Keywords: Challenges, cocoa farming, household food insecurity, income
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Rural entrepreneurship and food insecurity in Ghana
BERNARD KWAMENA COBBINA ESSEL, EMMANUEL TETTEH JUMPAH

Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences - Dept. of
Economics and Development, Czech Republic

Non-farm enterprises (NFE) play a critical role in improving the well-being
of rural households by providing opportunities for income diversification,
which can reduce householdpoverty and food insecurity. Significant progress
has beenmade in reducing the proportion of undernourishedpeople inGhana.
However, Ghana’s progress in achieving food security has been uneven, with
many farmers and rural dwellers still experiencing poverty and food inse-
curity. Using data from the Ghana living standards survey round 7 (GLSS7),
we examine the impact of household participation in NFEs on food insecurity
among rural farming households in a sub-Saharan African country. Specifi-
cally, we measure household food insecurity profiles and estimate the causal
relationship between household participation in NFEs and food insecurity
within amultidimensional poverty framework in ruralGhana.The results show
64percent of households indicated theywereworried about not having enough
food while 63 percent were unable to eat healthy and nutritious food. About
two-thirds (67%) of households lacked food diversity by eating only a few
kinds of food. Only 12 percent of households report that a member went
without food for a day. We also find that food insecurity among rural agricul-
tural households in Ghana is moderately high, with an incidence of 65% and
a food insecurity index of 49%. Male-headed households experience slightly
higher levels of food insecurity than female-headed households. Still, house-
hold participation in non-farm enterprises reduces the probability of food in-
security by 25 percentage points, or about 36%, compared to the average in-
cidence of food insecurity among households not participating in NFE. Given
their high impact on poverty reduction and household food security, we con-
clude that government enterprise-focused programmes should prioritise sup-
port for rural NFEs.
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Enhancing sustainable food security and transforming food
systems in four woredas of Gurage zone, Ethiopia

KEBEDE CHAKA1, DEGEFA CHAKA2
1Keam Business and Development Consultants Plc, Ethiopia
2Oromia Regional Bureau of Agriculture, Food Security, Ethiopia

Food systems must be appraised holistically with consideration of the potential trade-
offs and synergies in the economic impacts (e.g. incomes, profits, taxes and food
supply), social impacts (e.g. gender equality, nutrition, and animal welfare), and
environmental impacts (e.g. the conservation of ecosystems, biodiversity, soil and
water). In Ethiopia, over 20.1 million people are food insecure, including 2.73 mil-
lion internally displaced people (IDPs) and 1.88 million returnees. Food system in
Ethiopia is characterised by prevalence of extreme poverty and hunger, unaffordabil-
ity of healthier diets, and dietary composition. Ethiopia seeks to use a sustainable
and healthy-diet centred lens to transform food systems, uniting around a common
goal of healthy and sustainable diets for all. To contribute to such national objec-
tives of Ethiopian Gov’t in this regard, the current study was initiated, the baseline
survey conducted and study report prepared. The study area is Sodo, Debub-Sodo,
E/Maskan andMarakoWoredas of Gurage Zone, Ethiopia. Crop (73%) and livestock
(16%) productions are the prominent economic activities, complemented by off-farm
activities (11%), in the study areas. This research analysed existing situations of food
security and food systems in the four study areas, in six sample Kebeles. The study
targeted total of 24 (women groups, youth and mixed groups) for FGDs, and 12 KIIs.
Moreover, 600 HHs were sampled for HH survey via systematic random sampling
methods. Descriptive statistics and econometric data analysis have been applied. The
results indicated that the areas are characterised by low production & productivity, no
sustainable food security, poor nutrition of women and children, and the food systems
are so poor (production, processing, transportation & consumption), which needs to
be transformed. Household dietary diversity score (HDDS) of 600 women is 3.35 and
individual dietary diversity score (IDDS) of infants (6–36 months) is 1.62, and 80% of
target households use 1–2 food groups (HDD). The study recommended that enhanc-
ing supply of agricultural technologies & knowledges, financial inclusions, environ-
mental protections and skill trainings within the communities of the study areas have
paramount roles in curbing the existing low level of food security and transforming
the food systems.
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Spatial modelling of food product ecosystem service for
evaluated food security in Iran (case study: Qazvin province)
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SHOKROLLAHI2
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Food security exists when all people always have adequate, healthy, and nu-
tritious food alongwith physical and economic access to food. However, pop-
ulation growth and change in the pattern of Food consumption, Lead to in-
creased consumption and greater demand than food production levels. se-
curity food monitoring along population growth Cultivation restrictions are
essential but a Lack of spatial indicators for evaluating balance and parity and
heterogeneity of economic and social systems leads to estimates with high
uncertainty. In this research for solving this problem, the development of a
spatial model for evaluating food security indicators is investigated. Food se-
curity indicators used for this research are protein supply average, crop pro-
duction, average adequacy of dietary calorie supply, and the average value
of food production that in pixel scale and political boundary Qazvin province
investigated. By field survey, landuse data was prepared and crop yieldmod-
elling information for each section of land use was calculated. By using the
spatial model and Python, food security for tree strategic crop: wheat, barley,
and rice was modeled. Results of this research show that Qazvin province
has a high level of food security in terms of food availability indicators. With
Comparing to cities, most measure of food security is in BoeinZahra city and
less measure in Avag city. The location of Qazvin province on a national scale
necessitates the province to support the food security of the capital, but the
water crisis and population growth will threaten the food security of this re-
gion. The results of this research show that using spatial patterns evaluating
food security, in addition of recognise hotspot and coldspot points, prepared
the cognition of overflow sites that can utilise in spatial scenario compilation

Keywords: Cultivated pattern, ecosystem service, landuse planning, nexus,
sustainable agriculture

Contact Address: Naghmeh Mobarghaee, Shahid Beheshti University, Environmental Plan-
ning, Velenjak, Tehran, Iran, e-mail: n_mobarghei@yahoo.com

548 ID 674



Food system diversification for food security — Online posters

Assessing the factors influencing fish consumption frequency
among households in Kibera informal settlement

FERDINAND KAMIDI ISABU, OSCAR INGASIA AYUYA, ERIC OBEDY GIDO
Egerton University, Agricultural Economics and Agribusiness Management, Kenya

Global food and nutrition insecurity has been increasing and hence making
it difficult to manage the growing population, especially in urban areas. This
urban growth has led to the rise of informal settlements, nutrition insecurity,
poor sanitation and food shortage. Fish as an important source of animal
proteins, omega - 3 fatty acids, vitamins, and minerals necessary for normal
body functioning has been proven to boost food security and reduce under-
nutrition among developing countries. Health concern over the consump-
tion of red meat has been on the rise hence consumers are shifting to the
consumption of white meat, including fish. This study assessed the factors
influencing the frequency of consuming fish among households in informal
settlements using the ordered logit model. A sample unit of 385 households
was selected through a pre-tested structured questionnaire using a stratified
random sampling technique. Consumption frequency was measured by the
number of times fish was consumed in a month. Empirical results showed
that the majority of households 40.78%, consumed fish between 2–3 times
a week, 26.75% at less than once a week, 16.10% at 4–6 times a week while
15.84% consumed once aweek. The least consumers at 0.52% consumed once
a day. Gender, education level, monthly income, occupation, migration, pro-
cessed fish, price, neighbourhood effect, time taken to the nearest outlet and
number of outlets within a 100-metre radius influenced the frequency of fish
consumption. The frequency of consuming fish was seen to be low among
the majority of the consumers since only 0.52% of households were able to
consume fish at least once a day compared to those who consumed fish be-
tween 2–3 times a week at 40.78%. This implies that fish is relatively expen-
sive since very few households can afford it daily. To increase the frequency
of fish consumed in the informal settlements, there is a need to increase the
availability of high-quality fish processed in the market and also increase the
income sources since this increases the rate at which fish is consumed. There
is also a need to increase awareness of the health benefits associated with fish
consumption among consumers.

Keywords: Fish consumption, food security, frequency of fish consumption,
informal settlements, Kibera- Kenya
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Can trade facilitation policies help mitigate future food
crises? Evidence from the Kingdom of Jordan

SARA ASHOUR
Humboldt-Universität zu Berlin, Agriculture Sciences, Egypt

Jordan like many Near East and North Africa (NENA) countries, relies heav-
ily on trade to secure its basic food needs. Recent statistics show that 11 out
of 13 NENA countries with available data had cereal import dependency ra-
tios above 50 percent over the years 2016–2018 reaching up to 90 percent in
all of the Gulf Cooperation Council (GCC) countries and even 100 percent in
Jordan and the United Arab Emirates. MENA Region might not be the worst
in terms of food insecurity but its high dependency on fertilisers and food
requirements make it highly vulnerable to global disturbances in the future.
With 2022 marked as a year of unpreceded hunger, and with forecasts that
2023 will not be any better, the global trade system seems to have a greater
burden on its shoulder to deliver on the promises of achieving food secu-
rity. Trade facilitation policies play an essential role with regard to moving
food from food surplus to food deficit locations. Hence, and through mixed
quantitative and qualitativemethods, this studywill examine the role of trade
facilitation policies as a mitigating tool to achieve food security in import-
dependent countries, especially in light of climatic and geopolitical risks and
with application to the kingdom of Jordan.

Keywords: Crises, food security, Jordan, trade facilitation
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Do agricultural cooperatives enhance rural transformation?
GHISLAIN B. D. AIHOUNTON1, WADOUDOU MAKPENON2,

EKUNDAYO GLORIA CHRISTELLE GBENOU3
1University of Parakou, Lab. of Analysis and Research on the Economics and Social
Dynamics, Benin

2African School of Economics, Benin
3University of Abomey-Calavi, Lab. of Biomathematics and Forest Estimates (LABEF),
Benin

It is largely argued that rural institutions have the potential to improve farm
performance and contribute to poverty alleviation in developing countries.
Farmer cooperatives, standing as one of these institutions, have received in-
creasing attention as a potential vehicle to enhance agricultural intensification
and farm performance for smallholder farmers. Numerous previous studies
have shown that farmer cooperatives generally increase agricultural produc-
tivity and profitability. However, other aspects of welfare such as food secu-
rity, and market orientation are not yet understood. Moreover, although in
most rural household settings, farmers usually receive agricultural extension
through their active participation in cooperatives, there is still a scarcity of
knowledge on the extent to which belonging to farm cooperatives, could en-
hance farmer’s technical know-how as important pathways to transforming
food systems in developing countries. Using data from rice-growing house-
holds in Côte d’Ivoire, we investigate the effects of belonging to an agricul-
tural cooperative on farm performance, specialisation, and food security. We
also explore the effects of farmer cooperatives on access to extension services
and farmer technical skills. Employing instrumental variable techniques, we
show that farm cooperatives improve important aspects of household wel-
fare. Specifically, agricultural cooperatives improve agricultural productiv-
ity, and profitability and translate into high commercialisation potential for
rural households. Using the FAO household food insecurity experience scale
and the household dietary diversity score, we also show that belonging to an
agricultural cooperative improves household food and nutrition security. The
keymechanisms include access to extension services, the adoption of modern
technologies, the acquisition of knowledge on improved agronomic practices,
and access tomarkets. Hence, farmer’s cooperatives can be considered as vec-
tors of welfare and thus an essential pathway to enhance rural transformation
in developing countries.

Keywords: Cooperative membership, food security, rural transformation
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ysis and Research on the Economics and Social Dynamics, Parakou, Benin, e-mail:
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Effects of credit constraints on the welfare of farm
households in Southwest Nigeria

DORCAS FADOJU1, OLUFUNMILOLA ADESIYAN2, DAMILOLA ADEOMI 1
1DevelopmentAgenda forWesternNigeria (DAWNCommission), Agriculture andAgric-
business Desk, Nigeria

2Obafemi Awolowo University, Dept. of Agricultural Economics, Nigeria
This study examined the effect of credit constraints in farm households’ wel-
fare in Southwest Nigeria with a view to understanding credit constraints
impacts on the welfare of farm households in the study area. A multi-stage
sampling technique was employed in the selection of 320 households for the
study. The primary data were collected with the aid of pre-tested and struc-
tured questionnaire. The data collected were analysed using multinomial en-
dogenous switching regression model. The multinomial endogenous switch-
ing regression result showed that risk constrained households would have a
higher welfare if they paid their last loan while quantity constraints house-
holds would have a higher welfare if their household head had more years
of formal education, pay their last loan back and owned lands. Transaction
cost constrained households would likely fare better if their households were
headed by males, and had smaller household size. Unconstrained household
will have their welfare reduced if they have larger households while social
capital increases their level of welfare. Furthermore, the result showed that
risk, transaction costs and quantity constraints caused awelfare loss of 9.76%,
6.18% and 65.7% respectively and therefore removal of risk constraints, trans-
action cost constraints and quantity constraints will cause a welfare gain for
the farming household. The study concluded that credit constraints had seri-
ous impact in farm household’s welfare and that credit unconstrained house-
holds have higher levels of welfare than the constrained ones. Household
size, gender of household head, social capital, repayment history, education
are factors determining thewelfare of the household credit categories. Finally,
the households would be better off if they were credit unconstrained.

Keywords: Credit constraints, farm households, multinomial endogenous
switching regression model, welfare
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Sociocultural factors influencing production and
consumption of fruits and vegetables in Boukombé in

northern Benin
MALIKATH BANKOLE1, SAM BODJRENOU2, MÉLINA HOUNDOLO1, WALIOU

AMOUSSA HOUNKPATIN1, CÉLINE TERMOTE3
1University of Abomey Calavi, Fac. of Agronomic Sciences, Benin
2The Alliance of Bioversity International and CIAT, Food Environment and Consumer
Behaviour, Benin

3The Alliance of Bioversity International and CIAT, Food Environment and Consumer
Behaviour, Kenya

Fruits and vegetables (F&V) are vital for healthy diets, with a broad consensus that a
diversified diet containing a range of plant foods is needed for health and well-being.
Although the African continent is considered to have a huge diversity of F&V, we are
witnessing a decrease in the production and use of some of them. This study inves-
tigated the reasons behind the low production and use of some F&V species in the
commune of Boukombé in the Atacora department, this commune is one of the most
food insecure in Benin. Qualitative approach especially the snowball method has pro-
ceeded to select the key informants constituted of market gardeners and institutions
involved in agriculture in Boukombé. The 4-cells method was used to collect infor-
mation about production and consumption and then semi-structured interviews as
well as focus group discussions were used to better understand the perceptions of the
market gardeners.
Fruits and vegetables were the most represented species with respectively 34.6% and
27% of species available. About 60% of F&V species identified were perennial while
40%were annual andmost of themwere cultivated by the population. Only 28%were
grown wildly in nature and few were semi-cultivated. Among the species cultivated,
many were identified as being grown in a small area by a few people and as being
consumed by a small number of people occasionally. The main reasons that explain
this low production were essentially the inaccessibility of roads from villages to mar-
kets, the perishability of F&V, the soil poverty, the lack of water sources because those
villages are located on the mountains, and the high seed prices of some F&V such as
carrots, cabbage, and lettuce. This induced a low consumption of these species which
were lowly available in the environment. In addition, there were the deforestation
practices and then, the lack of knowledge about the conservation of F&V species, as
well as their market value which made populations prioritise their sale over their con-
sumption.
Meanwhile, several strategies were proposed including the establishment of commu-
nity seed banks to improve the production and consumption of F&V species in their
community

Keywords: Benin, consumption, fruit and vegetables, production, qualitative method
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Effect of food environment on urban dwellers’ dietary
diversity in southwest Nigeria

IFEOLUWA OLA1, OLUWAFUNMISO ADEOLA OLAJIDE2

1University of Ibadan, Agricultural Economics, Nigeria
2University of Ibadan, Dept. of Agricultural Economics, Nigeria

Unhealthy diets and bad consumption patterns are at the root of all forms
of malnutrition. There is a shift from the consumption of micronutrient-rich,
less dense energy foods such as vegetables and fruits to dietary intakes of
micronutrient-poor, energy-dense foods. Food environment has emerged as
a powerful influence on individuals’ eating patterns, food choices, and diet
quality. In the urban and peri-urban communities, the availability of retail
outlets with wide variety of affordable and nutritious food and its accessi-
bility plays a significant role in consumer dietary choices and adoption of a
balanced diet. The study seeks to identify the true effect of food environment
on urban dwellers’ dietary diversity in Southwest Nigeria. Primary data on
consumers and retailers characteristics will be collected, given their role in
the food environment, and analyzed. A linear regression model will be used
to identify the relationship between dietary diversity and food environment.
Other tools to be employed include: Market-level diversity score and House-
hold dietary diversity score. The expected result will reveal a positive rela-
tionship between adequate food environment and quality of household diet.
The study is expected to provide insight for both public and private sector
policymakers to formulate policies that will create a healthy food environ-
ment for the populace. This will inform policies aimed at (i) increasing the
availability/promotion of healthy food and drinks (i.e., nutrient-rich, fresh
or minimally processed foods), (ii) decreasing the availability/promotion of
unhealthy food and drinks (i.e., energy-dense nutrient-poor foods, sugar-
sweetened beverages), and (iii) improving the nutritional quality of food
available within the food supply chain, most especially particular processed
foods and out-of-home meals.

Keywords: Dietary diversity, food environment, market-level diversity score,
household dietary diversity score
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Evaluation of the attractiveness of four variations of infant
food packaging label using eye tracking

INA CRAMER1, IRIS SCHRÖTER1, DIBA TABI ROBA2, HUSSEIN WARIO2,
MARCUS MERGENTHALER1

1South Westphalia University of Applied Science, Agricultural Economics, Germany
2Center for Research and Development in Drylands, Kenya

High child malnutrition in African drylands is, among other factors, influ-
enced by choice of child food. Local women groups produce healthy, afford-
able child foods based on traditional recipes, but are in need of appealing
packaging to compete with multinational companies. This study is part of
a number of investigations aimed at empowering women groups in north-
ern Kenya by co-developing attractive packaging designs. The input of the
members of a local women group resulted in four variations of an infant por-
ridge packaging design derived from previous own investigations. All four
designs are identical with two exceptions: They have either a red or a yellow
background and display either a zebra or a lion, resulting in the following
combinations: ‘Red Lion’, ‘Yellow Lion’, ‘Red Zebra’ and ‘Yellow Zebra’. To
evaluate the attractiveness of the four variations of the packaging design and
identify the most attractive one, a market situation was re-created: the por-
ridge packagings were displayed on tables and a total of 87 participants, who
received an expense allowance, were each asked to choose one bag of por-
ridge. The eye movements of 81 participants were recorded using eye track-
ing glasses. Participants were interviewed to gain insights in the reasoning
leading to their decision and answers were recorded using an online form.
The majority of participants chose the ‘Red Zebra’ design (n=31), followed
by ‘Red Lion’ (n=23), ‘Yellow Lion’ (n=22) and ‘Yellow Zebra’ (n=11). The
participants indicated a high interest in buying the product on themarket and
stated that they were prepared to pay a mean price, according to the packag-
ing option, ranging from 118Kenyan Shillings (SD 43) to 140Kenyan Shillings
(SD 60). The ‘Yellow Lion’ packaging received the most visual attention, fol-
lowed by the ‘Red Zebra’, ‘Red Lion’ and ‘Yellow Zebra’. Our results indicate
that the colour red was found to be particularly attractive and while there
is no clear preference for either the zebra or the lion, it is advisory for the
women group to include red as a dominant colour in their packaging. The
eye tracking results support this result only partially and further analysis are
necessary.

Keywords: Eye tracking, food choices, infant food packaging, malnutrition
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What meat attributes do consumers in Afghanistan value the
most? – An analysis of choice attributes
MUSTAFA NASIRI, BIRGIT GASSLER, RAMONA TEUBER

Justus-Liebig University Giessen, Inst. of Agric. Policy and Market Res., Germany
Global meat production continues to expand to meet rising demand, spurred mainly
by population and income growth in developing countries. With the increased pro-
duction, the demand for meat quality and safety is also rising due to growing con-
sumer concerns and awareness. To make quality inferences, consumers evaluate cer-
tain meat attributes, which in turn, influence purchase decisions. Moreover, under-
standing preferences for meat attributes is crucial for producers, traders, and govern-
ment to enhance marketing strategies, trade and public policies. This study exam-
ines the relative importance of thirteen mutton meat attributes in a choice experiment
study using the Best-Worst Scaling (BWS) method. The data was obtained through
a laboratory-based survey from 230 male (60%) and female (40%), young and edu-
cated consumers in Kabul, Afghanistan during Jan – Mar 2021. The data was anal-
ysed based on the maxDiffmethod of BWS, utilizing both counting andmodelling ap-
proaches. Results revealed that food safety certification, freshness, Halal-label, taste,
cleanliness, and origin are consecutively the most important attributes. Furthermore,
food safety as the most important attribute was nearly 12 times as important as color
which was the least important attribute, suggesting that food safety is not just a con-
cern for the developed country consumers, but rather a global health concern. The
study also incorporated individual specific characteristics; socio-economy, risk-taking
attitudes, and place of purchase into the model to study the effect of these character-
istics on the mean parameters. Results revealed that preferences for meat attributes
are heterogenous among different consumer groups. Food safety certification, Halal-
label, brand, freshness, and animal-breed are of significantly higher importance for
consumers with higher level of education and income. Food safety and freshness are
also of significantly higher importance for young aged consumers. Furthermore, risk
loving individuals place significantly higher value for freshness, while significantly
lower value for food safety. Additionally, butchery shoppers place significantly higher
importance on animal welfare, food safety, and quality appearance. The study may
help domestic meat producers enhance their marketing strategies, and government in
planning trade and public policies in developing countries given the growing trend
for modernisation of meat industry in these countries.

Keywords: Best-Worst Scaling, choice experiment, food safety, freshness, Halal-label,
meat attributes, origin, preferences
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Exploring the determinants of a healthy food nutrition
environment in rural households

RONALD OCHIENG MWANGA1, STEFAN SIEBER1, CONSTANCE RYBAK1,
JACOB KAINGO2, HADIJAH MBWANA3

1Humboldt-Universität zu Berlin, Thaer-Institute - Div. Urban Plant Ecophysiology,
Germany

2Sokoine University of Agriculture, VEGILEG Project, Tanzania
3SokoineUniversity of Agriculture, HumanNutrition andConsumer Sciences, Tanzania

Developing countries have recently undergone food environment transformations char-
acterised by increased consumption of unhealthy ultra-processed foods, resulting in
an increased incidence of the double burden of malnutrition. Despite the ongoing
dietary transitions, the food environment has been researched mostly focused on de-
veloped countries. The food environment encompasses the availability, affordabil-
ity, convenience, and desirability of various foods and is the node between broader
food systems and individual or household diets. It is thus imperative to study and
evaluate determinants of a healthy food environment and formulate policies that in-
fluence food environments for healthy diets, particularly in rural households in low
and middle-income countries. Our research aims to characterise the rural food en-
vironment, analyse factors that influence the food environment, and explore policy
interventions that could transform the food environment to promote the uptake of
nutrient-dense diets in rural households in low-income countries. We use the Lindi
Region of Tanzania as a case study and qualitative methods to define the food en-
vironment based on food accessibility and availability measures including diversity
and proximity. We developed an open-ended questionnaire for data collection based
on the socioecological model of dietary behaviour and conducted seven focus group
discussions made of 10 participants (n=70), identified through a purposive sampling
technique. We also conducted four expert interviews with the District Nutritional and
Agricultural officers. The data was then transcribed, coded, and analysed through
framework analysis using the MAXQDA® qualitative data analysis tool. Our results
reveal that proximity to healthy food, seasonality, specific to fruits and vegetables,
physical and economic accessibility, and availability of healthy food items determine
consumer choices. Additionally, at the individual level, cost, convenience, availability,
and sociocultural norms determine household dietary patterns. Therefore, for rural
households, food nutrition education, production diversification, infrastructure de-
velopment, and post-harvest processing and conservation techniques are touted as the
most appropriate policy instruments that would ensure a healthy food environment
and sustainable food security.

Keywords: Dietary patterns, food environment, nutrient-dense
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Community action plans to enhance sustainable food
availability and accessibility in Busia County, Kenya
IRENE INDULI, FRANCIS ODUOR, IRMGARD JORDAN, CÉLINE TERMOTE

The Alliance of Bioversity International and CIAT, Food Environment and Consumer
Behaviour, Kenya

On-farm or landscape biodiversity and diet diversity are positively linked. Rural fam-
ilies often depend on their own farm production for food security. Eating a variety
of foods across food groups is associated with sufficient intake of several micronutri-
ents and subsequent good health. In Teso North and South sub-counties of Busia, 20
community units were randomly selected, 10 from each sub county. A cross-sectional
survey including 400 women with children 6–23 months was conducted to identify
challenges in dietary practices. This informed a co-creation process with 10 out of
the 20 community units (5 from each subcounty). They took part in a series of par-
ticipatory workshops to identify solutions to the dietary challenges and developed
community action plans with interventions that were implemented for one year. The
co-creation process included community members, researchers, and the county gov-
ernment. Monitoring and evaluation took place throughout the implementation pe-
riod. At baseline, 42% of the households owned kitchen gardens. Less than 10%
had received training in kitchen gardening. About 63% of surveyed children met the
minimum dietary diversity score (4 out of 7 food groups), while only 30% of women
met the minimum score, 5 out of 10 food groups. To improve the availability, acces-
sibility and consumption of diverse foods, the communities implemented selected in-
terventions which included ground nuts, fruits, vegetables, orange-flesh sweet potato
farming, and poultry keeping. All community groups registered as self-help groups
through which the members conducted table banking to raise capital to fund selected
intervention activities. Community health workers (n=117) were trained in nutrition
education and counselling and cascaded the knowledge to 17,167 households within
their villages. Twelve agricultural demonstration gardens and 5 poultry projects were
established. 232 farmers trained in kitchen gardening, entrepreneurship, financial
records, and book-keeping. Analyzed endline data will be presented at the confer-
ence. The co-creation process enhances community participation and ownership of
intervention activities. Since the community members have invested their financial
and human resources in the intervention activities, they are committed to their suc-
cess. Active government involvement in the process is vital.

Keywords: Co-creation, community action plans, community participation, dietary
diversity
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Southern African diet: Developing a regional diet for better
health for people and planet

JUDITH HENZE
Humboldt-Universität zu Berlin, Centre for Rural Development (SLE), Germany

The decline in nutritional value of many food products, progressively limited
diversity of crops and livestock, aswell as recent price and production shocks,
are emphasising that a large-scale transformation of our global food systems
is urgently needed to ensure that it becomes more equitable and sustainable.
Rather than continuing to back a global diet that is heavily fixated on a hand-
ful of crops and breed, such as wheat, rice, maize, rapeseed, and Holstein
cows, we need regional and local diets. In practice this means to progress
regional diet concepts such as the widely known Mediterranean Diet, or the
Nordic Diet, promoted by chefs in Sweden, Denmark, Finland, and Iceland.
Local adaptations of the Mediterranean Diet could be an Australian Diet, a
Southern American Diet and yes, a Southern African Diet, with scope for di-
etary sub-regions. A key advantage would be that these local diets will be
more diverse and culturally-relevant - both in terms of production and con-
sumption. The list of benefits is long: the local and seasonal produced foods
would consist of crops and livestock breeds that are native and hence bet-
ter adapted to the regional climate, pests, and disease than introduced types.
Shorter value-chains means reducing transport emissions. A higher biodi-
versity of native crops and breeds – produced via agroecological production
systems – will decrease homogeneity in global food products, while moving
regions towards higher food and nutritional security.
For many countries, adopting a more local food system means a decreased
dependency on global food prices. For example, the local breads in Southern
Africa are made with sorghum or millet rather than wheat.
Moreover, whenmerging this conceptwith the basic ideas of a Planetary Diet,
as drawn up by the EAT-Lancet Commission, a food system and eating plan
emerges that protects both human health and the planet alike. In my oral
presentation Iwill highlight themany steps, (behavioural) changes and stake-
holders necessary to promote and adopt the concept of regional diets such as
the Southern African Diet.

Keywords: Behaviour change, diversification, local food systems, Southern
African diet, transformation
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Visual perception and evaluation of child food packaging
design by customers in northern Benin

IRIS SCHRÖTER1, INA CRAMER1, ADRIEN DOGO2, FRANCK HONGBETE2,
MARCUS MERGENTHALER1

1South Westphalia University of Applied Science, Agricultural Economics, Germany
2University of Parakou, Foods Sciences Laboratory, Benin

Visual packaging attributes determine the success of a product on the shelf, create
hedonic value and may influence peoples’ perception of the products’ intrinsic prop-
erties. Whilemultinational child food producers successfully attract attention through
appealing food packaging, small-scale producers need support in designing attractive
packagings to compete in the market.
The study is part of investigations aimed at empowering women in northern Benin to
successfully market their locally produced child food by co-developing an appealing
packaging design: Five different child food packagings were used as stimuli – three
from multinational, one from a domestic producer and one based on results of our
preceding investigations. Fifteen child food customers from Parakou, northern Benin,
saw the stimuli on a computer screenwhile their gaze behaviour was recorded by a re-
mote eyetracker. Immediately after watching the respective packaging, the participant
rated the design. Finally, a short interview was conducted.
Participants’ ratings of the packaging designs differed significantly (𝑝 < 0.001): the
designs frommultinational manufacturers were rated higher than the one from Benin
and our own design. However, the domestic packaging received higher ratings from
participants who looked at its food quality mark. All product logos were visually
visited by all participants (n=15), except the logo of the domestic product (n=10),
indicating that its characteristic might not be optimal. The time to first fixation was
shortest for Cerelac (multinational manufacturer) and its colour (red) wasmentioned
positively in the reflection part. The majority of participants visually visited the vari-
ous mascots. Again, the time to first fixation was shortest for Cerelac, indicating that
this mascot was highly salient, probably due to the use of intense, contrasting colours
of the background (yellow) and mascot (blue bear with a winking eye). In the inter-
view, this was the only mascot associated with fun. Combined with the high ratings
of Cerelac packaging, this underpins that the women could learn from multinational
manufacturers, which attract potential child food customers and consumers by using
welcoming cartoon characters, bright colours and designs depicting fun, and take a
similar approach when designing their own packaging. They could also seek a food
label.

Keywords: Consumer perception, locally produced child food, packaging design,
visual attention
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Consumers’ attitudes towards social e-commerce for rice and
shrimps with emphasise on female entrepreneurs in

Bangladesh
SHANJIDA SHARMIN, CHRISTIN SCHIPMANN-SCHWARZE, KATRIN ZANDER
University of Kassel, Agricultural and Food Marketing, Germany

Worldwide, online markets are becoming amore popular shopping place day
by day with the development of digital technologies. Among the various
types of e-commerce, social e-commerce has gained popularity in developing
countries. In Bangladesh, Facebook-based social e-commerce (f-commerce) is
the most popular one, which is becoming an opportunity also for female en-
trepreneurs. Many women are starting to sell products through f-commerce,
including agricultural food products. Since females are not so common in
the traditional food market in Bangladesh, f-commerce could be a new op-
portunity for them. Very little is known about consumers’ perceptions of f-
commerce for food products, with an emphasise on female entrepreneurs.
To address this gap, this research aims to gain insights into consumer atti-
tudes toward f-commerce, focusing on female entrepreneurs selling rice and
shrimps. Five online audiovisual focus group discussions were conducted
with 41 consumers from Dhaka, Bangladesh, in June 2022. Our findings indi-
cate that convenience and service are the main general reasons for consumers
to purchase online via f-commerce platforms. In the case of rice and shrimps,
consumers shop from f-commerce because of availability of specific products
from some certain growing areas. When it comes to the decision for a spe-
cific f-commerce shop, price transparency, reasonable price and low deliv-
ery charge are purchase criteria. Reviews and recommendations influence
consumers’ purchase decisions on this social e-commerce platform. Trust
in the authenticity of entrepreneurs on a f-commerce platform is an impor-
tant issue for consumers.. All participants appreciate that f-commerce plat-
forms provide economic opportunities for women, but product quality and
service are more important than the gender of the seller in their decision from
whom to buy. Our study suggests that to have a sustainable position in the
f-commerce foodmarket, female entrepreneurs need tomeet the expectations
of consumers as the consumers do not buy from them just out of good will.
The research findings provide valuable suggestions for female entrepreneurs
which is of great importance to adapt to consumers’ demand as well as to
enter the f-commerce market and prove the sales of food products.

Keywords: Consumers’ perception, Facebook, female entrepreneurs
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The rise of A2 milk: Consumer demand, farmer perception,
and marketing strategies in a metropolitan area

NEDA YOUSEFIAN1, MD SHAHIN ALAM2, KUMSHER BASAVARAJAPPA RAMAPPA3,
EVA SCHLECHT2, CHRISTOPH DITTRICH1

1University of Goettingen, Inst. of Geography: Human Geography, Germany
2University of Kassel / University of Goettingen, Animal Husbandry in the Tropics and
Subtropics, Germany

3Institute for Social and Economic Change, India
Since 1970 per capita milk consumption in India has quadrupled, in part due to rising
incomes and urbanisation, which has spurred dietary changes. In our work we exam-
ine how the rise in dairy consumption is shaping consumer preferences and howdairy
farmers are meeting these demands. We focus on direct marketing between farmers
and consumers in order to understand why some consumers prefer to purchase milk
directly from dairy farmers. We also explore the perceptions of dairy farmers regard-
ing the quality of their milk and direct sales to consumers. From May to July 2022 we
conducted interviews with 62 dairy farmers and 95 consumers who purchase milk di-
rectly from our sample farmers. Our study took place in urban and peri-urban regions
of the south Indianmegacity Bengaluru. We focusedmilk from indigenous zebu cows
(Bos indicus) with the A2 variant of beta-casein as opposed to rawmilk from crossbred
animals (Bos indicus X Bos taurus). Our findings reveal that farmers are able to capital-
ize on the urban demand for farm-gate fresh milk, whereby farm-gate milk demand
is primarily driven by freshness, quality, and health expectations. Furthermore, we
identified a growing market for A2 milk, with urban consumers in high income and
education brackets willing to pay on average 90 Indian rupees (1 Euro) for a liter,
nearly double the price for a liter of regular milk. Consumers choose A2 milk for two
main reasons - because of the advertised health benefits and because it comes from in-
digenous cattle. Farmers advertise A2 milk on social media and on their own website
as healthier andmore nutritious and highlighting that it comes from indigenous cattle.
However, neither farmers nor consumers have a clear understanding of A2 milk cer-
tification so far. Nevertheless, there is a growing consumer demand for A2 milk and
farmers who are aware can benefit from this niche market. To this end, a direct mar-
keting relationship between farmers and consumers is vital for the farmers’ livelihood
and to supply consumers with milk that is commercially largely unavailable.

Keywords: A2 milk, certification, consumers, dairy farmers, India, indigenous cattle

Contact Address: Md Shahin Alam, University of Kassel / University of Goettingen, Animal
Husbandry in the Tropics and Subtropics, Steinstrasse 19, 37213 Witzenhausen, Germany,
e-mail: shahindps@uni-kassel.de

ID 819 565



Food and nutrition security

Influence of socio-psychological food environment on
consumer food choice in Mkuranga and Ilala districts,
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Food systems of low-income countries are experiencing increased disruptions caused
by such aspects as trade patterns and globalisation, climate change and outbreak of
diseases. These disruptions augment the triple burden of malnutrition (TBM), that
has primarily been a consequence of the interaction between the food environment
(FE) and food choices (FC). Thus, understanding of how FE influences FC is critical to
addressing the TBM. Ample research on FE in the past decade is concentrated on high
income countries with focus on the physiological aspects of FE rather than the socio-
cultural and psychological. The paucity of research-based evidence on how FE influ-
ences FC in low-income countries could be contributing to the persistent TBM. Theory
of planned behaviour (TPB) and health beliefmodel (HBM)was applied to determine
the socio-psychological constructs influencing intention and consequently choice of
healthy food among 408 randomly selected adults in Tanzania. Cross-sectional data
were analysed through structural equationmodelling (SEM). The findings reveal that;
about 70% of the variance in intention to choose healthy foods is explained by con-
sumer’s knowledge, attitude, and perceived behaviour control (𝑝 < 0.01). On the
other hand, health value, perceived barriers, health behavioural identity, and per-
ceived susceptibility account for 80% of the variance observed in the intention to
choose healthy food (𝑝 < 0.05). Results further revealed a significant difference among
the predictors of intention to choose healthy foods between rural and urban, male
and female, and across age categories. We suggest that the socio-psychological as-
pects of the food environment should be an integral part of health and nutrition inter-
ventions. Since over 70% of intention to choose healthy foods is influenced by socio-
psychological aspects of the food environment, it is imperative that health and nutri-
tion interventions integrate such aspects in order to improve consumers’ knowledge,
and foster positive attitudes and perceptions about healthy eating

Keywords: Food choices, food environment, health belief model, socio-psychological
factors, Tanzania, theory of planned behaviour
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Food literacy and nutrition status in rural and urban
Tanzania: Exploration of the nexus
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Increased rates of malnutrition are influenced by changes in food environment and
requires practical knowledge and skills to intervene. Food literacy (FL) is important
to provide skills and abilities required for health relationship between individuals and
food environment hence supporting dietary resilience overtime. It is necessary to un-
derstand FL status of the study population to develop resilient nutrition interventions.
The aim of this study was to examine the food literacy levels and nutrition status in
adult population residing in rural and urban Tanzania. A cross-sectional study involv-
ing 697 adults (474 female and 223males) sampled from rural and urban Tanzaniawas
conducted. A structured questionnaire composed of 23 FL items was used to assess
food literacy of target groups. Five-point Likert scale with very easy to very difficult
choices was used. The weight and height measurements were taken for estimation of
Body Mass Index (BMI). Confirmatory factor analysis was done to test if FL items ex-
plain FL construct. Internal consistency of FL was estimated using Cronbach’s Alpha
at significance level of 0.05. FL score of 0–50 and levels of FL in terms of inadequate,
problematic, sufficient and excellent was established. FL levels were linked with gen-
der, residence, education and BMI levels (underweight, normal weight, overweight
and obesity) according to WHO standards. Mean factor loading was 0.61 and each
item showed strong ability to explain FL. All FL items had excellent internal consis-
tency ranges from 0.92 to 0.93 Cronbach’s Alpha to measure FL. The study showed
significant association in FL levels across gender, residence, education level and BMI.
Problematic level of FL was higher (42.2%) among other levels. Excellent FL was
higher in urban (16.7%) than rural (6.2%). Males and females showed similar pat-
tern in FL levels. 75% of participants with higher degrees had excellent level of FL
while those with low education fall on problematic and inadequate FL. Despite vari-
ation in FL levels, nutrition status showed similar patterns in the study population.
Problematic level of FL was higher among the adults. There is a need to design nu-
trition educational intervention aiming at improving food literacy among the study
population.

Keywords: Adults, food environment, food literacy, nutrition status, rural, Tanzania,
urban
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Nutrition interventions for enhanced child health outcomes
in Hanoi, Vietnam
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Food environments are the underlying physical, economic, political and so-
ciocultural conditions that determine the availability, affordability, quality
and safety of food as well as the information, advertising and promotion
around food.
The regular consumption of processed food and fast food is causing the rate
of overweight and obese children in Hanoi to increase rapidly. We identi-
fied interventions that could improve children’s diets. We applied partici-
patory mapping and focus group discussions to co-develop a comprehen-
sive understanding of families’ interactions with urban food environments
in Hanoi, Vietnam. Based on participatory maps, we generated spatial infor-
mation about food access and locations for potential interventions. We in-
cluded 73 food environment stakeholders in our analysis, including mothers,
fathers, grandmothers, grandfathers, children, child-care specialists,“maids”
and food vendors. Our research aims to identify possible interventions, for
which we aim to project impacts using Decision Analysis methods. Decision
Analysis is a methodology that can help decision-makers navigate complex
decisions with limited information.
Potential beneficiaries of interventions were identified in small children, pri-
mary school students, and young teens, who constitute the major risk groups
for poor eating habits that can lead to chronic diseases. Stakeholders noted
childhood obesity, likely due to exposure and access to abundant and un-
healthy, cheap and convenient food options, parents overfeeding small chil-
dren and sudden social pressure to lose weight for young teens. Participants
expressed concerns regarding food safety, hygiene, and chronic diseases linked
to poor eating habits and proposed two concrete interventions to promote
healthy habits and nutritional knowledge among children and their families:

Contact Address: Simone Kathrin Kriesemer, University of Bonn, Center for Development
Research (ZEF), Genscherallee 3, 53113 Bonn, Germany, e-mail: simonekriesemer@gmx.de

568 ID 317



Food environment and consumer behaviour for improved nutrition and… — Posters

the establishment of farmers’markets providing healthy food and school food
events raising awareness among students. Both concrete interventions aim to
promote healthy habits and nutritional knowledge among children and fam-
ilies. The market could operate at central locations and accommodate busy
schedules.
We co-identified other interventions as healthy traceable school meals, can-
teens for all schools, safe affordable food, food certification and labeling, self-
supply through home gardens, urban agriculture, and community gardens.
The next steps in our research will be to evaluate the feasibility and effective-
ness of the proposed interventions, ultimately guiding the development of
targeted strategies.

Keywords: Children’s diets, decision analysis, gender, nutrition intervention,
transdisciplinary approach, urban food environments
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Perceptions and consumption of fortified food products in
Ghana: The case of mushroom-fortified bread
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Kwame Nkrumah University of Science and Technology (KNUST-Kumasi), Dept. of
Agricultural Economics, Agribusiness and Extension, Ghana

Ghana is experiencing double burden of malnutrition with a high prevalence
of undernutrition and overweight/obesity. This is partly due to the consistent
increase in the consumption of refined food products like white bread in both
rural and urban communities. This substantial rise in the consumption of re-
fined food among households has led to serious nutrient deficiency, especially
in areas where food is usually consumed without adequate quantities of veg-
etables, fruits, and proteins. Refined bread, which is amajor component of the
daily breakfast and bedtime meal in Ghana, is made from highly processed
wheat flour with inadequate quantities of proteins, essential vitamins, min-
erals and dietary fiber required for proper functioning of the human body.
Fortifying bread with mushrooms reduces the adverse effect of consuming
refined bread by increasing its nutritional content and health benefits. This
study used primary data from 406 randomly selected households to examine
perceptions and consumption patterns for mushroom-fortified bread in the
Ashanti Region of Ghana. Perception index, binary probit and tobit regres-
sionmodelswere employed to analyse the field data. Evidence from the study
shows that only 26%of consumers had purchased and consumedmushroom-
fortified bread, even though 63% of bread consumers were aware of this new
product on the market. Generally, consumers have positive perception about
mushroom-fortified bread, especially because of its nutritional content, health
benefits and superior sensory attributes. However, household consumption
of this fortified food product is significantly influenced by awareness, age of
household head and income level. Intensive awareness creation about mush-
room fortified bread through local radio stations and social media platforms
is recommended to stimulate household demand for the new product to pro-
mote good health and nutrition in Ghana.
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Consumers’ willingness to pay for genetically biofortified
foods: Evidence from Nigeria

TITILAYO AKINWEHINMI, BIRGIT GASSLER, RAMONA TEUBER
Justus Liebig University Giessen, Inst. of Agric. Policy and Market Res., Germany

Micronutrient deficiency is a persistent challenge in low andmiddle-income countries,
but biofortification, which increases the density of micronutrients in staple foods, is
recognised as an effective strategy. And compared to conventional breeding methods,
genetic engineering has been found to be more effective in biofortification due to its
ability to add multiple nutrients in a cost-effective and timely manner. However, the
use of genetic engineering in biofortification remains a topic of debate. This study in-
vestigates the effect of two types of information treatments on consumers’ willingness
to pay for attributes of biofortified foods with a focus on breeding methods. Using
the case of biofortified cassava product (gari) in Nigeria, the attributes considered
are the nutrient attributes, i.e., Vitamin A and Iron, and the methods attributes, i.e.,
conventional breeding (CB), genetic modification (GM), and gene editing (GE)meth-
ods. A discrete choice experiment (DCE)was conductedwith a representative sample
of 352 participants drawn from rural and urban areas in Nigeria. Respondents were
randomly assigned to one of three groups based on the information treatments: no
information (control group), information on the health risks of Vitamin A and Iron
deficiencies, and nutritional benefits of biofortification (nutrition group), or informa-
tion on the scientific process of biofortification methods (breeding group). A balance
test shows that the randomisation of the participants was successful. The DCE data
were fitted to random parameter logit models. Our findings indicate that consumers
initially preferred nutrient attributes but discounted GM and GE methods compared
to CB. However, providing the first information treatment made consumers willing
to pay for GM and GE methods. Conversely, the second information reduced the dis-
count for GM and GE methods but the effect was not statistically significant. Overall,
we observe that providing information on breeding methods made consumers focus
more on nutrient-related attributes when making their choices. Although it is appar-
ent that consumers in our study relatively prefer CB, we cautiously conclude that the
use of GM and GE is not likely to significantly affect consumers’ acceptance of bio-
fortified food opening up opportunities for scaling genetically biofortified foods in
sub-Saharan Africa
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Physical activity, time use and diet in the nutrition transition
of adolescents in rural India and Nepal
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Early pregnancy, food insecurity, enlistment into paid and unpaid work for household
subsistence can increase the vulnerability of rural adolescents and have adverse effect
on their nutrition and health through unmet energy needs. As a result of rural trans-
formation, the lifestyles of adolescents are changing in terms of the types of activities
they undertake and how they allocate their time – towards less energy-intensive activ-
ities. This change is in addition to the evolving trend towards increasing consumption
of ultra-processed foods. But the effects of these adjustments in food insecure contexts
is unclear. The implication of this knowledge gap is the absence of data to guide inter-
ventions aiming to protect young people against all forms of malnutrition. This study
assesses physical activity, time use and diet in relation to nutritional outcomes for ado-
lescents in India andNepal. We use quantile regression in compositional data analysis
methods – to assess the relationship between nutritional outcomes and the composi-
tion of daily time allocated to sedentary, light, moderate and vigorous activity. In
addition, we assess the relationship of nutritional outcomes with the composition of
diet involving ultra-processed and non-ultra-processed foods. The situation that ado-
lescents in developing countries are facing is that of increasing sedentary lifestyles
through technology and infrastructures. Although these are avenues where physical
activity is reducing, results shows that there is still substantial physical labour under
which adolescents continue to perform. The substitution of non-ultra-processed food
by ultra-processed food improves energy adequacy but likely presents a burden of un-
healthy diet. That physical activity and diet effect varies across the spectrum of nutri-
tion status implies that addressing malnutrition among rural adolescents will require
different kinds of interventions – some targeted at the lower ends of the nutrition sta-
tus and a different set for the upper end of the nutrition status. Nutrition interventions
providing food support should be encouraged to sustainably reduce undernutrition
through the provision of energy and nutrient adequate food items. In addition to in-
terventions, nutrition transition may also present a useful contribution to nutritional
outcomes and this knowledge should guide the type of food items distributed or sub-
sidised to rural households.

Keywords: Adolescents, India and Nepal, nutrition transition, nutritional outcomes,
compositional data analysis methods, time use, physical activity
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and challenges for the Ca Dong people in Vietnam
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The food environments of the Ca Dong people have changed dramatically
since they were resettled from ancestral lands for the construction of the Dak
Drinh hydropower reservoir in 2013. Food environments have shifted from
traditional hunting, wild harvesting, and swidden agriculture, to low-income
commodity production, leading to a decline in forests and the loss of tradi-
tional food plants and animals. Through transdisciplinary approaches, we
engaged eight groups of stakeholders including local party leaders and forest-
dependent communities to explore options for supporting diverse and sus-
tainable food environments. We report on the participatory exploration of
forest food availability and diversity, and the potential of reforested areas to
restore traditional food environment practices. We use satellite image anal-
ysis (http://rung-ray-ruong.org/) to assess policy-level land-use planning to
understand the transitions from forests to farmlands and their implications
for food environments and forest ecology. Expected changes follow an envi-
ronmental Kuznets curve - conversion of diverse forests to monoculture com-
modity production has resulted in a loss of ecological resources as well as
traditional ecological knowledge and customarily governed forest harvests,
affecting food choices and livelihoods - the future of these complex forest
systems is unclear. The intertwined issues of forests, food environments,
poverty, cultural preservation, and sustainable resource protection highlight
the complex challenges faced by indigenous communities undergoing reset-
tlement and changes in their food systems. Together we set out to identify
andmodel possible solutions, including agroforestry interventions in produc-
tive zones. However, to be a realistic alternative, these interventions need to
provide equivalent income to cassava planting (roughly 20 million VND per
ha/yr). Our work aims to contribute to the understanding of these challenges
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and develop evidence-based solutions that balance economic development
with ecological and cultural sustainability. By collaborating with local stake-
holders and incorporating local ecological knowledge, we hope to support
interventions for sustainable diets, biodiversity conservation, and livelihood
security in the changing landscapes of Vietnam’s highlands. As we further
identify and describe forest foods, the next phase of the work will be to test
selected species for nutrition and field sites for the potential of growing in
homegardens.

Keywords: Agroforestry, environmental Kuznets curve, evidence-based so-
lutions, food environment, homegardens, sustainable food, transdisciplinary
research, Vietnam
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Ethnic minorities in Vietnam face chronic under-nutrition issues, potentially worsen-
ing the situation due to the COVID-19 pandemic. Agriculture offers a logical entry
point to offer the vulnerable groups a diversified diet to cope with micronutrient de-
ficiency. Therefore, numerous studies have explored the linkages between crop di-
versification to diet. However, the role of seed accessibility in the framework has not
yet been studied, even though it is the prerequisite of any agriculture farming system.
This study investigates how seed accessibility links to diet diversity via two key path-
ways, from direct consumption of farm-level crop diversity or market purchase. We
covered crop diversity, output, food market access, and women’s time use as the me-
diators in the framework. Our study sites were two districts Sapa andMai Son, located
in Northern Vietnam, which differ in physio-climatic conditions. We used data from
600 farmer surveys, 38 community surveys, and 54 seed vendor surveys which were
collected from December 2021 to July 2022. We focused on vegetables and legumes,
especially three nutrition-sensitive food groups: dark green leafy vegetables, legumes,
and other vitamin A-rich vegetables. Crop diversity and diet diversity were measured
by the number of key food groups grown or consumed. Diet diversity data were col-
lected by 24h and 7-day diet recall methods. Women’s time use was time and activity
diary in the past 24h. Seed accessibility was an index measured at the community
level, which indicates the distance from the village to all seed sources available in the
district, seed types diversity available in the source, and average perceived quality.
The seed sources include self-saving and the seed subsidy programme in the region.
Data were analysed through the structural equation modelling method (SEM). Pre-
liminary findings found that seed accessibility does not significantly link with crop
diversity. However, crop diversity closely links with diet diversity through the subsis-
tence pathway. Women’s time use is the mediator in the framework, which associates
with both crop and diet. The framework is highly contextually dependent as it only
works in Sapa but not in Mai Son.
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combat malnutrition in Tanzania
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The “triple burden ofmalnutrition” - undernutrition, overnutrition or obesity, andmi-
cronutrient deficiency - is one of the growing challenges in sub-Saharan Africa. This
nutrition transition is caused by changes in lifestyle and dietary patterns, being in-
fluenced by urbanisation, globalisation and economic development. Although the
reasons for malnutrition are diverse, several strategies for prevention have been de-
veloped. Optimisation strategies for improved nutrition include e.g. dietary diversi-
fication and nutrition education measurements; however, healthy food environments
and physical activity (PA) promotion are key elements of preventing malnutrition.
The transdisciplinary FoCo-Active project aims to modify food consumption and PA
behaviour including the implementation of a health literacy programme to combat
all forms of malnutrition in rural and urban Tanzania. The aim of this analysis is to
assess the physical activity dimension by analysing the level of PA in Tanzania fe-
males and males. Within the FoCo-Active project, a cross-sectional study was con-
ducted with a sample size of n=521 (372 females, 149 males), age (M=35.8, SD=7.9
females and M=39.8, SD=10.3 males) from urban (Dar es Salaam) and 194 (115 fe-
males, 79 males), age (M=38.3, SD=10.4 females and M=44.8, SD=13.6 males) from
rural (Mkuranga). Target groups responded to the Global Physical Activity Question-
naire (GPAQ) to provide information on their PA status. Results indicated that ru-
ral participants were involved more hours per week in vigorous-intensity PA at work
(M=24.2, SD=14.8) than the urban participants (M=14.9, SD=17.0) and less hours
per week in moderate–intensity PA (M=13.5, SD=9 than urban participants (M=21.5,
SD=18.8; 𝑝 < 0.001). Furthermore, findings show that urban participants spent more
hours in vigorous-intensity sports, fitness and recreational (M=5.3, SD=7.6) com-
pared to rural participants (M=3.2, SD=2.6; 𝑝 > 0.005). Although both groups in the
rural and urban areas met the WHO’s PA recommendations (75 [vigorous-intensity]
or 150 [moderate–intensity] minutes per week), urban participants spent more time
in vigorous-intensity PA within their leisure time than rural participants in Tanza-
nia. The PA environment should be assessed in future studies to identify possible
approaches to PA promotion for both groups to combat all forms of malnutrition.

Keywords: Health literacy, malnutrition, physical activity
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Co-developing nutritious foods with societal actors to
improve child nutrition in northern Benin drylands

ADRIEN DOGO, FRANCK HONGBETE
University of Parakou, Foods Sciences Laboratory, Benin

Malnutrition is a persistent and increasing issue in the drylands of Africa. The
new global challenges of COVID-19 and climate change are significantly im-
pacting the livelihoods and increasing the vulnerability of the region. How-
ever, nutritious foods developed by researchers from traditional food prod-
ucts have received little interest from the population. The objective of this
study is to identify the extent to which it is possible to co-develop nutritious,
healthy, affordable, and desirable foods from interest traditional foods prod-
ucts for societal actors. To achieve this, we organised focus group discus-
sions (n=4) with mothers and local processors to select foods of interest, di-
agnose current food processing technologies, and identify local options and
resources for improving the nutritional and sensory qualities of foods. We
used the Solver linear programming function in Excel to formulate the foods.
Two joint co-development sessions were organised with local processors to
test the identified lower-cost formulations. The results demonstrate that the
co-developed feeds can cover at least 50%, 50%, 83%, and 35% of the iron,
zinc, protein, and vitamin C requirements, respectively, for 6–12 months old
children per 100g. The cost analysis shows that for a 100g portion, all foods
are affordable in relation to the daily food expenditure capacity of individ-
uals in the study area. This study has demonstrated that it is possible to co-
develop affordable and nutritious foodswith societal actors to combatmalnu-
trition. As co-development incorporates the knowledge of societal actors, this
approach could be scaled up in the fight against malnutrition by improving
the desirability and adoption of nutritious foods developed from local food
products.

Keywords: Co-development, drylands areas, malnutrition, nutritious foods,
traditional food products
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Role of food choice motives in socioeconomic disparities in
food consumption and nutritional outcomes

CECILIA MAINA
University of Bonn, Center for Development Research (ZEF), Germany

The rise of overweight and obesity prevalence in sub-SaharanAfrica is concerning due
to the increased risk of non-communicable diseases. Poor diets from unhealthy food
systems are the primary cause, driven by income growth, urbanisation, and technolog-
ical change. Multinational food industries have played a role in this shift, by manufac-
turing, distributing, and promoting highly processed foods that have a strong sensory
appeal. These foods are usually high in fats and sugars as these components contribute
to the taste, texture, and overall enjoyment of the food. Income and education create
variations in dietary behaviours andweight outcomes among different socioeconomic
groups. As income rises, individuals have greater resources to purchase diverse foods
and consumemore calories, leading to overweight and obesity prevalence. Consumer
behaviour also plays a key role in the variations seen in food consumption patterns
and weight outcomes. The paper’s main aim is to understand the role of food choice
motives in explaining differences in diet diversity, and weight outcomes among dif-
ferent socio-economic groups in Kenya.
Data used for this study sampled participants from 4 counties in Kenya to collect so-
cioeconomic, food consumption, and anthropometric data. Food choice motives were
collected using the food choice questionnaire. The datawas collected in 2022 and com-
prised 381 men and women above the age of 18. Mediation analysis was conducted
using the Karlson-Holm-Breen method for linear and non-linear probability models.
Empirical results show that the probability of an overweight and obese BMI level in-
creases by 19% for a standard deviation change in the asset score and by 8% for a
standard deviation change in years of schooling. These relationships were signifi-
cantlymediated by sensorymotives. Sensorymotives explained 28.97% of thewealth-
BMI association and 29.50% of the education-BMI relationship. Higher educationwas
associated with increased diet diversity mediated by higher health and sensory con-
cerns.
Findings suggest that higher sensorymotives are driving the prevalence of overweight
and obesity among high socioeconomic groups. Strategies should be geared towards
restricting the marketing of energy-dense foods, implementing sugar taxes to deter
consumption, and other nudge policies to curb the growing burden of overweight and
obesity.

Keywords: Diet diversity, food choice motives, non-communicable diseases, over-
weight and obesity, socioeconomic disparities
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Schools food environments in Boukombe and Natitingou and
students’ perceptions about these environments

MÉLINA HOUNDOLO1, SAM BODJRENOU2, MALIKATH BANKOLE1, IRMGARD
JORDAN2, CÉLINE TERMOTE2, WALIOU AMOUSSA HOUNKPATIN1

1University of Abomey Calavi, Faculty of Agronomic Sciences, Benin
2The Alliance of Bioversity International and CIAT, Food Environment and Consumer
Behaviour, Benin

The food environment is recognised as having a strong influence on the eating habits
of individuals. At adolescents’ level, school-based nutrition interventions are an im-
portant framework for examining environmental strategies to improve healthy food
choices among youth, particularly with the intake of fruits and vegetables. This study
aimed to analyse the food environment of main colleges of Boukombe andNatitingou,
which are situated in high food insecure communes in North-Benin, and the college
students’ perceptions about these environments. All outlets and fruit trees publicly
accessible within one-kilometer radius of the schools were mapped. An inventory of
the outlets was added. Individual interviews were conducted with 300 students using
a perception questionnaire. Overall, 96 outlets and 32 fruits trees were geocoded in
Boukombe. The inventory showed that vegetables (20.5%), cereals (13.9%) and dried
fish (9.9%) were the most represented food groups on offer. Fruits were available in
only 7.3% of outlets. Mango trees are the most represented (65.6%). The perception
of the students indicated that, it is difficult to find healthy fruits and vegetables around
their college (82.4%), and that fruits and vegetables are expensive (72.6%). Natitin-
gou college food environment was composed of 61 food outlets and 17 fruits trees.
The most important food groups on sale were cereals (23.8%), vegetables (13.4%)
and sugar products (10.5%). Mangoes are the main fruit trees (58.8%). Here, 58.5%
of students thought that it is easy to buy fruits and vegetable in their environment
and 53.5% that they have a large choice/diversity of fruits and vegetables. In the
other hand, 41.5% thought that fruits and vegetables are expensive. All students at
both colleges consumed mango when its season come and thought that it is the most
available and accessible during this period. Most fruits available on the food outlets
are imported. The school food environment in both Natitingou and Boukombe com-
munes is a real challenge especially regarding diversity and financial accessibility of
fruits and vegetables. Thus, it is important to take actions such as implementation of
school gardens to improve the availability and accessibility of fruits and vegetables for
students.

Keywords: Benin, food choice, food outlet, fruit trees, fruits and vegetables, students
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Towards a local system for screening child malnutrition
CHÉRIF ISSIFOU1, BOURAMA GUINDO1, IRÈNE MÉDÉMÈ MITCHODIGNI1,

BRIGITTE KAUFMANN2, WALIOU AMOUSSA HOUNKPATIN1

1University of Abomey-Calavi, Fac. of Agricultural Sciences, Benin
2German Institute for Tropical and Subtropical Agriculture (DITSL), Germany

As the first in charge of the child’s health and nutrition, mothers have their
own method for detecting malnutrition in children. However, this local
method andhow it is used are unknown. The aimof this studywas to describe
the localmethod used by caregivers in northern Benin to assess the nutritional
status of their children. A co-inquiry with caregivers from three different
ethnic groups was conducted in five stages between March and June 2022,
involving focus group discussions and joint assessments. The recordings of
the interviews were transcribed and then content analysed using MAXQDA
software. The “Baatonu”, and “Fulani” caregivers identified two categories
of malnutrition: “Poutankou” and “Peouri Danéri” for “less severe malnutri-
tion”, and “Tikpirou”, and “Peouri” for “severe malnutrition”. The “Gando”
cargivers identified three categories: “Peouri Gon’an/Kouri kawê” for “less
severemalnutrition”, “Peouri Takinori” for “moderately severemalnutrition”,
and “Peouri Foroua/Tikpiroua” for “severe malnutrition”. These different
categories of malnutrition are defined by different signs/symptoms, of which
the following five (5) are common to all ethnic groups: “weight loss”, “pale
eyes”, “child not eating well”, “child eating sand or clay”, and “oedema of
cheeks and feet”. Screening for malnutrition is done through a series of deci-
sions based on the presence or absence of the signs/symptoms. Gando’s care-
givers’method of assessing nutritional status, usemore signs/symptoms than
others. These local methods of assessing nutritional status have similarities,
reflecting local expertise, and differences that can be used to improve each
method through mutual learning. This could be a starting point for setting
up a reliable maternal malnutrition screening system that can be integrated
into the current community-based nutrition surveillance system.

Keywords: Children, local method, northern Benin, nutritional status, signs,
symptoms
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The state of urban food policy action in emerging Asia
MIRIAM E. ROMERO ANTONIO1, STEVE JAFFEE2, NAVNEET KUMAR1

1University of Bonn, Center for Development Research (ZEF), Dept. of Economic and
Technological Change, Germany

2University of Maryland, Dept. of Agricultural and Resource Economics, United States
While the important role of cities in food system transformation has long been
understood, there is a more recent recognition that food-related outcomes
also have an important influence on how well cities can achieve their own
broad socio-economic and other aspirations. This recognition has led many
cities, around the world, to engage more actively in food policies and pro-
grams. The literature documenting this experience is largely case study-based
and primarily covers actions and outcomes in larger cities. We analyse the
overall state of urban food policy across Asia, drawing attention to distinctive
patterns across city size categories and testing hypotheses whichmay explain
the diversity of observed patterns of food policy engagement. Particular at-
tention is given to demographic, institutional, and geographical factors which
have likely influenced either the motivation or the capacities of cities to act on
food matters. We find that most Asian cities are at an early stage in efforts
to apply coherent and coordinated approaches to address food-related chal-
lenges and opportunities. The opportunities for future economic gain and
avoidance of social costs may be greatest among the region’s fast-growing
small- and medium-sized cities, yet many such cities lack the requisite ca-
pacities to influence complex food system matters and will require assistance
from national agencies and others. The research community also has an im-
portant role to play, addressing knowledge gaps and emerging trends related
to the structure and performance of urban food systems, patterns of con-
sumer behaviour, and the incidence of food-related risks, further assessing
the drivers influencing urban food policy interventions, evaluating the effec-
tiveness and impacts of urban food policies and programs, and drawing at-
tention to emerging good practices which other cities might adopt or adapt to
their circumstances. Both case studies andmulti-city surveys will be valuable
in such endeavours.

Keywords: Asia, benchmarking, cities, food smart, food systems, urban food
policy
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Trade-offs and synergies amongst competing pathways for
sustainable agricultural transformation in Africa

MARCUS GIESE1, JULIET KARIUKI1, LUTTA ALPHAYO2, MARIA OGUCHE1,
KATRIN WINKLER1

1University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

2University of Nairobi, Kenya
Challenges facing agriculture are pervasive. Land, water and soil degrada-
tion, climate change and biodiversity losses are of global concern especially
because their impacts are always unequally distributed. The interactions be-
tween these challenges have given rise to paradigm shifts in support of inte-
grated approaches for achieving sustainable and resilient food systems. How-
ever, ongoing debate abounds regarding how to increase productivity while
minimising trade-offs that undermine the natural and socio-economic
resources required for agriculture to survive and thrive. In Africa, increas-
ing population and changing consumption patterns have led to growing food
and land demands. Consequently, the continent is witnessing the emergence,
permanence and disappearance of competing concepts to address the difficul-
ties facing agricultural production. It iswithin this context of contestation that
the DAAD Agriculture Alumni Training Network organised travelling work-
shops in Kenya andGermany. The focus was on highly topical issues, namely,
‘Paradigm shifts in Agricultural Systems towards Sustainable Land-use’; ‘In-
tegrating Systems for SustainableAgricultural Transformation’ and ‘Tradition
meets digitalisation – a new dream team for sustainable land use?’. The aim
was to explore and analyse the complementarities and constraints of adopting
competing concepts from the perspective of various stakeholders. There was
merit in applying integrated vis a vis conventional approaches, such as agroe-
cology which increased biodiversity and, in some instances, agricultural pro-
ductivity. The adoption of digital approaches was considered promising par-
ticularly formonitoring soil health and seasonal forecasting. The combination
of indigenous knowledge for crop and livestock productionwas deemed ideal
for ensuring that social and agricultural outcomes were equitably met. This
was, especially with respect to holistic rangeland management which exhib-
ited synergies between livestock production, wildlife, and humans. However,
trade-offs were associated with the increased labour required to adopt agroe-
cological approaches, the resource-based conflicts related to planned grazing
management with cultural landscapes, especially during periods of drought
and in some instances, the neglect of animal welfare with respect to meeting

Contact Address: Juliet Kariuki, University of Hohenheim, Inst. of Agric. Sci. in the Tropics
(Hans-Ruthenberg-Institute), Stuttgart, Germany, e-mail: j.kariuki@uni-hohenheim.de
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increased local demand for meat products. Overall, the outcomes of applying
integrated approaches whilst minimising trade-offs were shaped by barriers
often beyond the farm, therefore complimentary institutional efforts across
scales to enhance synergies and build systemwide resilience are required.

Keywords: Agroecology, paradigm shifts, synergies, trade-offs
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Governance challenges and digital tools in smallholder
agricultural carbon projects: Insights from Kenya

VIDA MANTEY1, CHRISTINE BOSCH1, ATHENA BIRKENBERG1, REGINA BIRNER1,
JOHN MBURU2

1University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

2University of Nairobi, Dept. of Agricultural Economics, Kenya
The generation of carbon certificates through specific farming practices is in-
creasingly used as a mechanism for climate change mitigation. Recently, such
carbon projects pooled thousands of smallholder farmers from developing
countries to enable them to take part in the voluntary carbon market and re-
ceive benefits from carbon credit sales. However, there is very little knowl-
edge on potential governance challenges that might hinder the effective im-
plementation of such large and complex projects, wheremany different actors
such as project developers, verifiers, investors, and donors interact and hold
different interests and power relations. Meanwhile, despite numerous stud-
ies that unveiled the potential of digital tools in addressing such challenges in
other sub-sectors of agriculture, it has not yet been explored in implementing
smallholder agricultural carbon projects. This paper employs a qualitative
case study of two carbon projects in Kenya, and a participatory and visual
mapping tool (Process Net-Map) with stakeholders, to identify the gover-
nance challenges arising from the roles, interactions, and power relations of
different actors, and the potential of digital tools to address such challenges.
Our results show a diverse number of governance challenges at different lev-
els of such projects that have an impact on the adoption of recommended
farming practices, carbon monitoring accuracy, and efficiency. Furthermore,
power relations between actors reveal deficiencies in the inclusiveness of such
projects. Strategies used in resolving some of the challenges include holding
and reinvesting carbon revenues at the group level, emphases on co-benefits,
and the application of simple digital tools. Based on these results, we recom-
mend the development of local-level capacity to use digital tools to collect and
analyse data, reframing the prospects of carbon farming, and development of
government schemes that reward participants, to increase the efficiency of
carbon projects and the benefits generated for smallholders.

Keywords: Carbon certificate, digital tools, governance challenges, Kenya,
process net-map, smallholder carbon project
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On the feasibility of an agricultural revolution: Sri Lanka’s
move to go one-hundred per cent organic

PAY DRECHSEL, PIUMI MADHUWANTHI, DULEESHA NISANSALA, DUSHIYA
RAMAMOORTHI, THILINI BANDARA

International Water Management Institute (IWMI), Circular Economy, Sri Lanka
In April 2021, the Sri LankanGovernment announced a ban on importation of
agrochemicals including chemical fertilisers to make Sri Lanka the first coun-
try in the world to go fully organic and be free of chemical fertilisers.
Going “organic” was not a novel approach since there were several attempts
over the years to support organic farming in the country. The National Agri-
cultural Policy of 2007 recommended increasing the usage of local organic fer-
tilisers gradually, like from January 2021 by up to 30%within a 3-year period.
While such a step-wise transition has obvious advantages, the announced im-
mediate ban took the sector by surprise, but was ‘supported’ by the emerging
economic crisis the country faced with declining foreign exchange reserves
to import chemical fertilisers. As described by the President, the motive for
the ban was however to reduce the impact caused by agrochemicals on envi-
ronment and human health, including the common cases of kidney failure in
some parts of the island. This could be considered a visionary (pre-emptive)
move as clear scientific evidence for such a link is missing so far.
Without any transitional time, a run for ‘organic fertiliser’ started but could
not satisfy demand on short notice resulting in severe agricultural losses,
e.g., in the important paddy and (export) plantation sectors. Under grow-
ing protests, the Government eventually lifted the chemical fertiliser ban via
a gazette notification on 1st December 2021.
The failed ban posed a range of questions related to transformative processes,
in particular on the best institutional pathways for such a drastic transition,
and possible alternatives. But also questions on the reasoningwere posed and
on the actual feasibility of such a change.
This presentationwill shed light on the feasibility of such a transition in terms
of the actual and potential availability of biomass (i.e., crop nutrients) to ‘re-
place’ chemical fertilisers at national scale, also under consideration of re-
gional variations in demand and supply. The focus will be on paddy rice and
the plantation sector, resulting in recommendations for any repetition of such
a transition in the future, in Sri Lanka, or elsewhere.

Keywords: Agricultural transformation, biomass, chemical fertiliser ban,
organic farming, Sri Lanka
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Access to agricultural land for Uruguayan youth and the role
of the national institute INC

MELINA GRIFFIN1, INGRID FROMM1, JORGE ALVAREZ2
1Bern University of Applied Sciences (BFH), School of Agricultural, Forest and Food
Sciences (HAFL), Switzerland

2University of the Republic Uruguay, Dept. of Social Sciences, Faculty of Agronomy,
Uruguay

Globally, the farming sector is facing the problem of overageing. Youth that are inter-
ested in the farming sector are often lacking starting capital, which constrains them
from earning a livelihood in the sector. This is also the case in Uruguay, where the
National Colonisation Institute (INC) helps individuals accessing land, with a special
focus on young people. The INC rents out fractions for half the market price, offering
an attractive option for youth.
This case studyhiglights the challenges of youth (≤ 35 years) accessing land inUruguay
and the criteria according to which the INC selects applicants. Furthermore, the work
evaluates whether the INC plays a role in countering landgrabbing in Uruguay and
whether the INC model could be applied in other countries as well.
Wanting to capture individual experiences and opinions in detail, a qualitative re-
search approach was chosen. Six young people that all had faced difficulties accessing
land were visited on their farms in Uruguay and semi-structured interviews were car-
ried out. Semi-structured interviews were also realised with staff of the INC as well as
key experts on the topics of landgrabbing, youth, and access to land. The secondary
data collection was complemented with a literature study.
Findings suggest that the evaluation criteria of the aspirants must be revised because
there are contradictions within the evaluation scheme. On top of that, inconcistencies
in the interviews and inappropriate assumptions show that the interviews with the
aspirants are not always carried out in a professional manner. Having a mission of
providing access to land for smallholder family farmers, the INC is not a suitable tool
to fight landgrabbing and on top of that only covers 3% of the country’s agricultural
surface. However, because all land with a certain quality first must be offered to the
INC at market price, it can help with price transparency on Uruguay’s land market.
The INC model is certainly interesting to be replicated in other countries. Certain
adaptations to the country-specific circumstances will have to be made.

Keywords: Access to land, INC, land tenure, smallholder farmers, Uruguay, young
farmers
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Unraveling governance challenges in the provision of
extension services for smallholder agricultural carbon

projects: Evidence from western Kenya
MANUEL DÍAZ, CHRISTINE BOSCH, ATHENA BIRKENBERG, FIONA HASENBACH,

REGINA BIRNER
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

Development projects aimed at increasing Soil Organic Carbon (SOC) stocks in agri-
cultural soils are considered one of the great opportunities opened up by the Clean
Development Mechanisms. Carbon projects promote Sustainable Agricultural Land
Management practices in order to increase SOC and sell carbon certificates on volun-
tary markets. With the revenues obtained, projects attempt to 1) finance the set-up
and maintenance costs (mainly monitoring), and 2) support farmers either by direct
payments or by financing agricultural extension services. However, carbon projects
often face implementation challenges such as the duplication of services or other un-
coordinated actions. In order to increase the understanding of possible governance
challenges of carbon projects and identify some tools to address them, this study aims
to analyse the landscape of extension actors around theWestern Kenya Carbon Project
by combining a theoretical framework for the evaluation of extension and monitoring
serviceswith the concepts of theNew Institutional Economics. Two qualitative empiri-
cal methodswere applied to collect data; a participatorymapping technique known as
Net-Map and expert/key informant interviews involving a broad set of stakeholders.
The findings highlight elements that may compromise the effectiveness of extension
services, such as the presence of other initiatives with interests that are either 1) in op-
position to the Prosoil project (e.g., promoting subsidies for chemical fertilisers and/or
pesticides) or 2) aligned with those of the project, preventing proper measurement of
extension impact as farmers may adopt practices and technologies due to a contagion
effect. In addition, the short period of training granted to producers given the high
number of farmers targeted by the project, may generate additional governance chal-
lenges related to the reduction of SOC storage, as extensionists must move from one
farmer group to another in order to cover the target farmers while reducing the sup-
port required to ensure long-term SOC sequestration. Project managers will be better
prepared to offer extension services in upcoming agricultural carbon projects by recog-
nising these difficulties, particularly by understanding how crucial the institutional
environment is for fostering collaboration among initiatives and develop strategies to
support farmers and minimise SOC loss.

Keywords: Africa, carbon markets, development projects, extension services, soil
carbon
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International genebanks at risk: Hazard assessment and
consequences for risk management

THERESA HERBOLD
University of Hohenheim, Germany

Genebanks are essential for safeguarding global crop diversitywhereby inter-
national and supranational genebanks play a crucial role. Despite the grow-
ing worldwide awareness of this, it is often overlooked that genebanks are
subject to several challenges and risks which might jeopardise their physical
integrity. Past incidents and events resulting in the partial loss of important
crop collections or even entire genebanks have drastically shown this. A re-
cent example is the ICARDA genebank, originally located in Aleppo, Syria.
Being at risk of losing its germplasm collections as a consequence of the Syrian
civil war, the genebank had to be relocated in 2016 to Lebanon and Morocco.
Parts of the collection could only be restoredwith safety duplicates preserved
at the Svalbard Global Seed Vault (SGSV) and other international genebanks.
Presently a scientific basis for identifying, assessing and managing risks at
genebank level is still lacking. The Master’s thesis “Hazard assessment and
risk management of national and international genebanks for a sustainable
conservation of plant genetic resources” - submitted to the University of Ho-
henheim in 2022 - aims to address this research gap by providing a risk anal-
ysis for three key risk groups: natural hazards, political risks, and financial
risks. It was carried out for a sample of 80 important supranational and na-
tional genebanks comprising at least 4.78 million accessions or roughly 65%
of the total conserved accessions worldwide. A mix of methods was applied,
including a literature review, quantitative exposure assessments and expert
interviews. The risk assessment tool ofMunich Re “Natural Hazards Edition”
allowed a location specific comparison of the natural hazard exposure.
The focus of the presentation will be on the 14 international and regional
genebanks – most of themmanaged by the CGIAR centres. Results show that
genebanks in the Asia-Pacific region are most exposed to natural hazards,
while institutions in African and some Asian countries are rather vulnerable
to political risks. Based on this assessment, risk management strategies, in-
cluding risk mitigation and transfer solutions, will be presented.

Keywords: Ex situ conservation, genebanks, hazard assessment, risk
management
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COVID-19 lockdown in south-east Nigeria: Evidence-based
findings to support need for food systems transformation

JOHNNY OGUNJI1, CHINWE OGUNJI2, STANLEY IHEANACHO1, MICHAEL OLAOLU3
1Alex Ekwueme Federal University Ndufu-Alike, Fisheries and Aquaculture, Nigeria
2Alex-Ekwueme Federal University Ndufu-Alike, Educational Foundations, Nigeria
3Alex-Ekwueme Federal University Ndufu-Alike, Agriculture, Nigeria

Outbreak of the novel coronavirus disease (COVID-19) late 2019 brought the
whole world to a state of pandemonium. The infection was declared as a
pandemic by World Health Organisation in March 2020. As a way to curtail
the rate of infection, countries imposed lockdown. Unfortunately the lock-
down bolstered the problem which the infection has already caused. Eco-
nomic activities became stranded, lives, livelihoods and hunger exponentially
elevated in the society. Low- and middle-income countries like Nigeria was
highly affected. The data collated during a survey of 1209 households (urban
and rural locations) in five states of South-East Nigeria during the COVID-19
lockdown is laying credence to the importance of food systems transforma-
tion. Radimer/Cornel hunger scale was used to determine the Household hunger.
Chi-square test was done to confirm the significance (𝑝 < 0.05). The study re-
vealed that in Abia State, the prevalence of hunger among households before
COVID-19 pandemic was 99.6%, while during COVID-19 lockdown, hunger
prevalence rose to 100%. On the other hand the prevalence of hunger among
households before COVID-19 pandemic in Enugu Statewas 31.8%, while dur-
ing COVID-19 lockdown, hunger prevalence rose to 99.6%. The situation
in Abia and Anambra States shows that there were no much changes in the
household hunger situation as only 0.4% change was observed. In Enugu
State it is note-worthy that the observed change was 67.8%. It was also ob-
served that covid-19 lockdown significantly affected food prices. More than
90% of respondents confirmed that foodwasmore expensive during the lock-
down. Unfortunately, hunger situation was bad before the COVID-19. This
can be related to lack of food and poor food systems. On the premise that
food systems involve production, processing, distribution, and consumption,
this study observes that transforming food systems in South East Nigeria is
inevitable.

Keywords: Covid-19, food systems, hunger prevalence, lockdown, South-
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An analysis of the European regulatory status of selected
non-timber forest products from the Brazilian Cerrado

DOMINIC BARON, DIETRICH DARR, KATHRIN MEINHOLD
Rhine-Waal University of Applied Sciences, Fac. of Life Sciences, Germany

Non-timber forest products (NTFPs) are not clearly defined, they are often
referred to as a product or service other than timber that originates from
forests. This for example includes fruits, nuts, herbs, and medicinal plants.
With an increased demand of NTFPs from Europe and the United States of
America, the marketing of these niche products has gained attention. In this
context, the concept of NTFP governance has evolvedwhich consists of differ-
ent aspects like institutional arrangements, norms, and collective social prac-
tices. This overall development led to an increase in national and international
regulations concerned with product quality and production systems around
NTFPs. As a result, a very complex framework which contains numerous
policy domains like agriculture and forestry as well as food safety and trade
arose. Additionally, it involves various stakeholders including for example,
harvesters, processors, and policy makers operating on diverse geographical
levels (local, national, European, and international).
This thesis analyses the European regulatory status of five selected NTFPs
from the Brazilian Cerrado. It is the aim to analyze whether the current legal
frameworks of the EU enable the import of selected Cerrado NTFPs into the
European market. Not only was a literature research done, but also multiple
interviews with researchers were conducted. The results of this study indi-
cate that the current regulatory framework prevents the development of value
chains for NTFPs due to their complexity. Especially the European novel food
regulation hinders the import of NTFPs into the European Union. It must be
considered that further research is needed on analysis of the value chains,
international regulatory framework and monitoring and reporting of NTFPs.
In further research emphasis on the producer side shall be placed.
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Analysing policy attributes for promoting solar powered
irrigation systems in Karnataka, India
ADITYA KOREKALLU SRINIVASA, DAGMAR MITHÖFER

Humboldt-Universität zu Berlin, Thaer-Institute of Agricultural andHorticultural Sci.,
Germany

Solar Powered Irrigation Systems (SPIS) is an important component of India’s
effort towards sustainable energy transition in agriculture. SPIS can positively
contribute in improving both access to water and in reducing the dependence
on centralised electricity supply which is primarily coal based. SPIS is also
promoted at the policy level with substantial funding support envisaged un-
der PM -KUSUM program. In spite of the promise and the policy push, the
adoption of SPIS under PM – KUSUM is low. Farmers’ preference for policy
attributes related SPIS is not well understood, which could help realigning
the policy. In this paper, we use Choice Experiment (CE) for evaluating the
policy attributes in promotion of SPIS as it can provide rich policy informa-
tion in terms of welfare implication of the policy (in terms of willingness to
pay) and disaggregate it by attributes. The attributes and levels were selected
based on extensive review of literature, and interview with farmers and ex-
perts. Upfront cost, terms of loan, service provision, multiple uses and grid
connections were the five attributes with different levels. A ‘D-efficient’ ex-
perimental design was used to generate 32 choice cards with 3 alternatives
in each card (including opt-out), which were then randomly distributed into
four blocks with eight cards each to reduce the cognitive load on the respon-
dents. A pilot survey of 12 farmerswere used to obtain the priors (coefficients
for each attribute) to eliminate choice sets with dominant alternatives. The
data was collected from 500 farmers randomly chosen from 31 villages across
Mysore district, Karnataka, India. The data was analysed using the random
parameter logit model allowing for heterogeneity in estimation of farmers’
preferences for SPIS. The results indicate that farmers’ preference as indicated
by highest part worth is for guaranteed service provision for 10 years and loan
with repayment holiday of three years. Given that SPIS is a new technology
with a high initial investment, assuring farmers with guaranteed repair ser-
vice act as a strong incentive to adopt. For increasing the adoption of SPIS,
these attributes can be incorporated into the existing policies so that they align
well with farmers’ preferences.
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Financial needs of farmers in Benin and how financial
institutions try to respond to them

KARIN GAESING
University of Duisburg-Essen, Inst. for Development and Peace (INEF), Germany

In Benin, poverty and food insecurity are still mainly a rural phenomenon
with a poverty rate of 44,2% in rural areas vs. 31,4% in urban areas. Gen-
erally, farm productivity is low. Smallholder farmers often lack the finan-
cial resources to invest in their farms to increase productivity. They lack
the resources to mechanise, diversify or increase their production or irrigate
their fields. They do not have the money, labour and inputs for it. The of-
fers of banks and micro-finance institutions on the other hand are not always
adapted to farmers’ needs.
A team from INEF, University of Duisburg-Essen, analysed the needs and
constraints of male and female farmers to invest in their farms in 24 com-
munities in six Départments of the country. They looked into savings op-
portunities, investment preferences, risk avoidance, strategies to manage the
repayment as well as the credit benefits of farmers. At the same time, the
team looked into the offers of financial institutions regarding agriculture and
the relations between farmers and financial institutions, which are quite often
characterised by ignorance and mistrust.
The possibility to receive credits for agriculture does not only provide a huge
potential for farmers to increase their yields and thus their income, but can
also put them into the trap of repayment pressure and indebtedness. In case
of repayment failure, they may have to take up another credit for repayment
or even risk to lose their land. Innovative ideas and lessons are derived from
the research results and can be adapted to other contexts to provide solutions
for farmers and financial institutions.

Keywords: Agricutural finance, Benin, savings and credit, smallholder
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Improved forage seed markets in East Africa: developments,
bottlenecks, and future opportunities

JESÚS FERNANDO FLOREZ, PEGGY KARIMI, JOHN JAIRO JUNCA PAREDES, NATALIA
TRIANA-ANGEL, STEFAN BURKART

The Alliance of Bioversity International and CIAT, Trop. Forages Program, Colombia
In East Africa, forages are the main feed source for dairy cattle. Producers
use local varieties but in recent years there has been a sustained increase in
the adoption of improved forage varieties and hybrids aimed at increasing
productivity and improving adaptation to climate change. However, little is
known yet about the forage seed market and how it can be improved to fur-
ther boost the adoption of improved materials. The objective of this research
is to describe the behaviour of the seed market for improved forage varieties
and hybrids in East Africa in recent years and to develop a perspective anal-
ysis on how this market is expected to evolve over the next decade, in addi-
tion to identifying the main bottlenecks and opportunities for improvement.
We applied a qualitative approach based on semi-structured interviews with
stakeholders from the forage value chain in 10 East African countries. Our
research covered three pillars, namely i) the past: how did the forage market
evolve over the last ten years, ii) the future: how could the market evolve over
the next ten years, and iii) bottlenecks and opportunities for improvement. A
total of 46 key informant interviews were carried out. We found a virtuous
circle that could facilitate the acceleration of the adoption of (hybrid) forages
in East Africa. Research centres want to continue their breeding and seed se-
lection programmes to improve existing varieties and bring new varieties on
the market. Seed companies are interested in increasing their supply of seeds
both in terms of quantities and diversification of varieties. Governments and
development organisations express their interest in continuing to support and
finance the promotion and adoption of (hybrid) forages. Producer associa-
tions plan alliances with seed companies to distribute seeds among their pro-
ducers at more affordable prices. Finally, dairy farmers are interested in (hy-
brid) forages to increase milk production, maximise the space used for cattle
farming, and reduce their vulnerability to climate change.

Keywords: Forage hybrids, improved forages, Megathyrsus maximus, seed
systems, Urochloa
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The processes behind the consolidation of sustainability
policies in Colombia: Evidence from the policy for

sustainable cattle 2022–2050
MANUEL DÍAZ1, LEONARDO MORENO LERMA2, STEFAN BURKART1

1The Alliance of Bioversity International and CIAT, Trop. Forages Program, Colombia
2Independent Consultant, Colombia

Global projections for the agricultural sector indicate that environmental in-
dicators like deforestation, loss of biodiversity, and greenhouse gas emissions
will continue to rise for the period of 2018–2030, with livestock accounting for
more than 80% of this increase. This has prompted the response of various
governments, which have committed to taking mitigation measures. The Pol-
icy for Sustainable Cattle 2022–2050 in Colombia is one of the most ambitious
efforts to support the pledges by encouraging the switch from conventional
cattle farming to sustainable production systems and value chains. To serve
as a catalyst for events that will allow policy makers to promote sustainability
in similar contexts, this study attempts to use the Kaleidoscope Model of Pol-
icy Change to identify the exogenous and endogenous political system factors
that facilitated the path towards the consolidation of the policy. Two quali-
tative methods were used to apply the framework: semi-structured key in-
formant interviews and an extensive literature review to broaden the context
provided by the experts. The main emphasis was placed on the first three
stages of the model, namely a) Agenda Setting, b) Design, and c) Adoption.
The results reveal that sustainability policies emerge in the political system
not as isolated initiatives promoted by independent agents but through a se-
ries of events and synergistic agents that coordinate activities towards that
purpose. Policies are a consequence of a set of factors where no single factor
explains the change. Instead, change is the result of the accumulation and in-
teraction of internal and external demands, political will, local policies, laws,
and knowledge. In addition, although no clear veto players were identified,
sustainability policies are at risk when the design is funded by international
aid and the internal actors in charge of funding during the implementation
phase are not specified. Conclusions highlight the importance of an observa-
tory to analyse environmental, social, and economic indicators, as well as the
implementation of new tax instruments (e.g., carbon taxes) to avoid strong
dependence on international institutions.
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Policy performance and stakeholders’ perspectives on
achieving sustainable food production in Namibia

GIDEON MAWENGE, CHRISTINE WIECK
University of Hohenheim, Dept. Agricultural and Food Policy (420a), Germany

In contribution to achieving international sustainable development goals, Namibia
adopted the 2030 sustainable development global agenda in the year 2018 and guar-
anteed comprehensive implementation of the agenda in a national spirit of leaving no
one behind. The 2030 global agenda for sustainable development addresses climate
change, poverty, and inequality pointing to the call for a Sustainable Food System
(SFS). SFS encompasses a set of structures and interconnected activities with signif-
icant contributions to the food value chain as a pillar for sustainable development.
SFS structures originate with Sustainable Food Production (SFP) activities employed
by key players, such as food producers. It is therefore imperative to comprehend the
national SFP strategies of a country and its systems, processes, institutions, and agri-
cultural legislation that guides and supports multi-stakeholder governance to achieve
SFP targets. Hence the objective of this research paper is to identify Namibia’s main
policies that support the implementation of SFP targets. In so doing, the paper will
analyse and reveal policy performance to achieve SFP based on national reports and
stakeholders’ perspectives.
Revolving around the sustainability compass at pivotal phases of the policy process,
this research paper implements the policy evaluation process phase as a significant
feedback control system in agenda-setting for sustainability. A qualitative policy anal-
ysis approach known as frame-critical analysis was used in this study. Analyses are
from Namibia’s national policies, agricultural legislation, national reports, and stake-
holders’ perspectives collected through in-depth interviews composed of academia,
state-owned, private sector, and civil society organisations. A semi-structured inter-
view strategy guided by open-ended questions was used supplemented by follow-up
and probing questions depending on the interviewee’s response.
This study shares the main policies supporting the implementation of SFP, discusses
primary stakeholders and national documents’ response to policy performance, and
reveals Namibia’s approach to achieving SFP targets. The findings will provide policy
performance feedback and encourage policymakers and economic development pro-
fessionals to understand the national approach and required action to enhance SFP in
Namibia.
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How to design sustainable urban food policies for a secure
and nutritious future in Chiang Mai, Thailand: A case study

of combining approaches
PIYANIT CHURAK1, FRED KRÜGER1, AXEL DRESCHER1, KLAUS GEISELHART1,

KITTI SRANACHAROENPONG2

1University of Erlangen-Nuremberg, Institute of Geography, Germany
2Mahidol University, Institute of Nutrition, Thailand

Urbanisation is a global phenomenon that brings about multifaceted changes. These
changes include not only population migration, economic growth, and infrastructure
development but also public health implications. Transformation from rural-like to
urban-like activities in food systems and food policies has made these systems more
complex than in the past. Chiang Mai’s food system is facing several challenges, in-
cluding a loss of agricultural land due to urbanisation, food insecurity in rural areas,
unsustainable agricultural practices, limited market access for small-scale farmers, in-
sufficient food waste management, and climate change impacts. Addressing these
issues will require collaborative efforts from the local government, civil society, and
private sector. The objectives of the study are to understand food systems related
to food consumption practices in urban and peri-urban communities in Chiang Mai,
Thailand, and to check on and, where deemed necessary, co-design community goals
and practices of sustainable food consumption for policy planning.
The study focuses on four concepts: 1) studying of food systems through methods
such as documentation, observation, open-ended interviews, FundamentalGeographic
Data Sets (FGDs), community mapping, and mental mapping to depict food systems
and to identify stakeholders, 2) assessing dietary intake of people in target areas, 3)
assessing key drivers and uncertainty in food system changes and exploring directions
to improve food systems, and 4) emphasising on a value chain of a selective local food
product. Expected outputs will be a set of foundational information on food systems,
drivers and unpredictability in food system transformations, and possible ways to im-
prove food systems. Visions acquired from diverse actors related to food systems will
give possibilities for desired future food systems. A food value chain analysis will also
strengthen this study and contribute to a more holistic approach.
To conclude, the active participation of communities is crucial for advancing policies
and programmes that foster sustainable and resilient cities. This study underscores
the significance of involving relevant stakeholders to gather different perspectives on
shaping the future of food systems. Ultimately, this approach is expected to yield
tangible benefits for these communities as part of the project’s positive outcomes.
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Assessing the decision-making process to evaluate the
institutional governance related to the implementation of

forest landscape restoration in Irodo watershed, Madagascar
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3Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SusLAND), Germany
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Madagascar has pledged to restore 4 million hectares of forest as part of the
Bonn Challenge to combat environmental degradation and climate change.
To achieve this challenging goal, governance has been identified as a priority
by several researchers engaged in restoration. However, no regional study
has yet been carried out in the pilot region of Diana, where the Ministry of
Environment is implementing initial activities with the support of GIZ, even
though the deadline is less than a decade away.
This study offers an approach to analyze, the main stakeholders engaged in
FLR implementation. We identify the main actors, analyze the interlinkages
between them and explore the policy and wider decision-making processes
that contribute to shaping FLR activities today.
The results offered by theGovernanceAnalytical Framework ofHufty showed
that the main actors, both public and private, who participate directly in FLR
activities are primarily thoseworking in the environmental sector. Thus, other
major stakeholder groups working in other sectors need approaches that are
more in the nature of simple invitations to FLR-related events in order to raise
their awareness and interest in involvement in FLR implementation activi-
ties. The strategic mobilization of FLR actors promotes the implementation
of activities and contributes to the sustainability of interventions and effective
results.
Although the analysis of legal texts reveals inconsistencies between the envi-
ronment, agriculture, and land use sectors, the analysis of local decentralized
levels shows that they are motivated to promote FLR and gives hope for a
greater commitment to FLR in the future.
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Soil governance a constrain to soil security in Africa: A case
study in Ghana
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Soil governance refers to the policies, legislations and actors (institutions)
that consolidate enforce and safeguard the use and management of soil re-
sources for sustainable production and ecosystem services. A secured and
sustainable food production system in Africa demands securing the soil; a
basic underpinning resource of food and water security, climate, socioeco-
nomic and human health. Despite soil’s essentiality, the soils of Africa are
threatened by soil governance. These threats have downscaled nearly half of
the productive potential of African soils and consequently led to food insuffi-
ciency and socio-economic instability. With the prevalence of climate variabil-
ity, food shortages, pandemics and conflict, it has become crucial to address
the constraints and put the governing ways of soil security in the governing
systems of Ghana. This paper examined the role of the Lands Commission
andEnvironmental ProtectionAgency ofGhanawhich are legislatively vested
to undertake land (soil) entitlement registration and protection respectively.
The governing mechanisms of laws, regulations, policies, and policy reforms
are however inclined towards entitlement and other environmental services
with very little focus on soils. The only existing law governing soil was estab-
lished in 1953 (No. 32) and amended in 1957 (No 35). The law ensures effec-
tive and efficient utilisation and sustainable management of soil and provides
the power to enforce regulations and policies to safeguard soils. The barriers
and constraints to the governing soil laws were that the application of the law
was established under the Ministry of Agriculture with no legislated protec-
tive mandate and the power of regulations was vested in the president. The
law has not seen any reform or amendment since the last amendment in 1957
and has not been effectively applied and enforced. The laxity in legislation,
policy and actors of soil governance inGhana leads off to soil security threats.
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Effect of contract farming on farm productivity among
sorghum farmers in Dodoma, Tanzania: Endogenous

switching regression
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3ICARDA, Lebanon
Despite the importance of sorghum production and its increased market de-
mand in the sub-Saharan region ofAfrica in recent years, a significant number
of smallholder farmers still face issues of low and poor yields, lack of reliable
markets, low grain prices and low-income levels. Following the strategic fo-
cus of the national development five year (2018–2024) strategic plan by the
Government of Tanzania that is in line with the Africa Agenda 2063 on trans-
forming Africa’s agriculture into modern one, strategies as contract farming
are designed and implemented in the country to solve agricultural problems
among smallholder farmers. It is thus important to evaluate the impact of
such strategies especially in developing countries. This study analyses the ef-
fect of CF in sorghumproduction using the cross-sectional data collected from
400 smallholder sorghum farmers in Tanzania. The estimation model that
was used for analysis was the endogenous switching regression, and findings
show a positive and significant relationship between CF and farm productiv-
ity. Moreover, findings identified location, age, household size, hired labour,
a family-hired labour mix, own land use, own and rented land use under pro-
duction, access to extension services, access to financial services and number
of groups per village as determinants of CF participation among sorghum
farmers. Therefore, it is evident that CF is among vital strategy in sorghum
production as it has enhanced higher farmproductivity levels among contract
farmers compared to noncontract farmers. Furthermore, it is important that
policies to emphasise CF and stakeholder partnerships along the sorghum
value chain to be prioritised.

Keywords: Contract farming, endogenous switching regression, farm yield,
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Catalyzing private finance into climate-smart agriculture:
The science-driven accelerator program

HAUKE DAHL
International Water Management Inst. (IWMI), Southern Africa Office, South Africa

The agriculture sector is the economic backbone for most developing countries and is
crucial for strengthening food security, increasing incomes and driving inclusive and
sustainable growth. However, the sector remains untapped due to low levels of pro-
ductivity exacerbated by the effects of climate change. To strengthen resilience to cli-
mate change and efficient functioning of food systems, significant financial investment
is required. The public sector and donors cannot handle this alone; the private finance
and investment sector needs to increase its financial commitments. Yet high percep-
tions of sector and country risks and the inability to assess andmanage these risks, lack
of available market data and high transaction costs hinder the private sector’s invest-
ment in agriculture. Additionally, for-profit businesses operating in a climate-smart
way across agricultural value chains often lack the commercial and technical capac-
ity to scale agricultural research innovations. Bringing innovations to scale requires a
holistic approach. Innovation and impact management literature indicated that scal-
ing innovations via a development project focusing only on a single innovation have
limited success in scaling. It has been shown that it is necessary to integrate inno-
vation processes with capacity development, finance and other complementary solu-
tions. One novel way to achieve this integration is through an accelerator program.
Accelerator programmes are considered promising approaches to support growth-
driven, for-profit companies in their goal to reach scale as they provide an institutional
space for integrating innovationswith complementary solutions. However, there is lit-
tle systematic and empirical evidence of the performance of accelerator programmes
for scaling science-based innovations in low- and middle-income contexts. Market
analysis shows that many companies that have the potential to bring innovations to
scale already exist. However, macro-scale challenges and shocks (droughts, reces-
sion, covid-19 pandemic) in a fragile market environment discourage entrepreneurial
appetite, hindering thinking beyond short-termist revenue targets. A science-driven
accelerator programme for climate-smart agribusinesses opens up opportunities to
create a pipeline of de-risked, and science-based investment solutions into sustainable
agriculture in the Global South.

Keywords: Business acceleration, innovation scaling, sustainable finance
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A policy mix for achieving ambitious goals on forest
landscape restoration: analysing coherence and consistency

in Ethiopia forest-related policy
MUSSE TESFAYE GEBRE, JUDE NDZIFON KIMENGSI, LUKAS GIESSEN

Technical University of Dresden, Inst. of International Forestry and Forest Products,
Germany

As a result of the rising global trends of land degradation and deforesta-
tion, the concept of forest landscape restoration (FLR) has gained worldwide
recognition as an approach that complements cross-sectoral integration and
aims to restore multiple forest ecosystem services across a wider landscape.
Nonetheless, it remains unclear how to integrate this approach with previous
and existing policy domains, which creates challenges for policy design that
could lead to conflicting goals and inconsistent use of policy instruments. The
objective of this study is to present new methodologies for analysing the FLR
policy mix, given the growing complexity of the policy design problem in
Ethiopia. A cross-impact matrix (CIM) methodology is applied to assess the
coherence of goals and consistency of instruments in the FLR. Thus, eleven
major goals, and forty-six policy instruments (regulatory, economic, proce-
dural, and information) were identified in the forestry, agriculture, climate,
andmining sectors. The result demonstrates varying levels of consistency and
coherence between goals and instruments in the FLR policy mix. Thus, con-
sistent economic instruments like reducing emissions from deforestation and
forest degradation (REDD+) create a positive and conducive environment to
implement other instruments. Whereas inconsistent regulatory instruments
like the acquisition and use of rural land have shown negative rippled effects
throughout the system. We conclude that a comprehensive methodological
approach is crucial to get an optimal outcome from the FLR policy mix. We
argue that our methodological approach could be used elsewhere for similar
studies to better design and manage policy instrument mix and coherence of
FLR-related policy goals.

Keywords: Consistency, cross-impact matrix, cross-sectoral integration,
forest landscape restoration, policy instruments, policy mix
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The interdependence of different measurements of natural
resources dependence and poverty: Comparative evidence

from Vietnam
EVA SEEWALD, ULRIKE GROTE

LeibnizUniversität Hannover, Institute for Environmental Economics andWorld Trade,
Germany

Poverty and climate change are two major problems developing countries face with
severe impacts on wellbeing. While environmental resources support poor house-
holds by providing firewood and other non-timber forest products (NTFP), natural
resource extractionworsens degradation. The literature shows that NTFP can support
poor households’ tight budgets and dependence on NTFP is higher for the poorest
households. This can be seen as a coping mechanism in times of shocks. Dependence
of households on NTFP has been measured mostly by relative income from NTFPs
which may not capture dependence correctly if NTFPs are mainly used for home con-
sumption. Additionally, poverty is defined by a scarcity of money but it also captures
other aspects of life such as no access to health services. To capture this, researchers
developed multi-dimensional poverty indices (MPIs).
Natural resource stocks have been reduced due to economic growth in Vietnam mak-
ing research especially important. Additionally, the impact of households’ depen-
dence on environmental resources onmultidimensional poverty has not been studied.
As MPIs incorporate aspects such as health and education the results may differ from
poverty solelymeasured by income leading to different policy implications and giving
a more deeply insights on the determinants of poverty and dependence on NTFPs.
Therefore, we use a large socio-economic panel data set from Vietnam from 2013 until
2017 to calculate an index measuring dependence on environmental resources (EDI)
and a MPI. The aim of this article is, thus, to give a step-by-step analysis to show the
different results usingdifferentmeasures for natural resource dependence andpoverty
of poor rural households in Vietnam.
The results show that dependence on natural resources increases poverty independent
on themeasurement of poverty and environmental resource dependence. The effect is
largest if we use monetary poverty and relative income from natural resources. How-
ever, the results are most significant when using MPI and the EDI. This implies that it
is important to account for the measurement of poverty and the dependence on nat-
ural resources when policy makers try to address poverty as well as environmental
issues by restricting the access to forests or non-forests sites for collecting.

Keywords: Climate change, climate change adaptation, multi-dimensional poverty,
natural resource dependence, natural resource extraction, poverty
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Is there a future for small farmers in bioeconomy? The case
of improved seeds in South Punjab, Pakistan

MEHWISH ZUBERI
Eberswalde University for Sustainable Development, Faculty of Forest and Environ-
ment, Germany

Small farmers are key players in agrarian value chains, particularly in the
Global South, but they are often neglected in the planning of technology-
oriented agricultural interventions featured prominently in bioeconomy poli-
cies. As global demand for food and biomass is expected to rise, production
increase through (bio)technological means is framed as a necessity, but has
been debated for its ecological and social sustainability. We add to this de-
bate by investigating the possibilities and challenges for smallholder farm-
ers to participate in the intensification of production in an emerging bioecon-
omy. We scrutinize the case of Pakistan, an agricultural country where 65
percent of farms operate less than 2 ha of land and where bioeconomy ap-
proaches such as biotechnology and advanced plant breeding have gained
momentum in policy debates. We specifically analyse a cornerstone of the
bioeconomy value chain—namely ‘improved’ seed varieties—by looking at
the experiences of small farmers with genetically modified cotton and hybrid
maize. This contribution builds on qualitative data from South Punjab be-
tween 2019 and 2022. Small farmers value improved seeds and prefer shorter
duration crops for faster profit cycles. Informal exchanges through seed sav-
ing and sharing enable widespread access of market seeds. However, the
poorest strata are hindered from adopting improved seed varieties due to
lack of resources, established crop rotation patterns, and frequent oscillations
of the cropping trends. Market and climatic factors also limit the profitabil-
ity of improved seed varieties as higher input costs disproportionately affect
small farmers. Furthermore, highly productive crops and frequent crop cy-
cles result in surging tenancy rates for small land holders and can lead to their
expulsion from agriculture. Our results contribute to the understanding of
the complex role of small farmers in the Global South under a bioeconomy
scenario.

Keywords: Bioeconomy, global south, improved seeds, small farmers
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Barriers to the progress of the organic agriculture system in
Iran: A thematic hierarchical mapping

AREZOU BABAJANI1, SAHAR AHMADI1, SABINE ZIKELI2
1University of Hohenheim, Agricultural and Food Policy Department, Germany
2University of Hohenheim, Center for Organic Farming, Germany

Despite the fact that organic agriculture in Iran has many potentials in both
production and consumption sides to improve the sustainability in food sec-
tor, the trend of progress of this sector in terms of the area and share of total
agricultural land has been negative and up to the point that the most recent
report from FiBL & IFOAM (Willer et al, 2023) indicates that it is now zero.
Currently (in 2021), 7053 ha of the entire country are under organic farming
practices, compared to 11916 ha or 0.03 percent of all agricultural areas dur-
ing the previous year (2020). The low development of organic products in
Iran is due to a number of factors and barriers, including lack of willingness
of agricultural policy makers due to food security concerns, low consumers’
awareness and purchasing power, insufficient financial, educational, and in-
formational support for organic farmers from the government, conflicts be-
tween responsible organisations, lack of certification system and producers’
lack of knowledge of the product’s characteristics and production processes
as a result of lack of market demand and extension education. Because of
sanctions and political issues, some of these challenges are unsolvable, but
others can be overcome with the help of supportive strategies and policies.
By performing a systematic literature review and thematic analysis of articles
that have been published over the past two decades (from 2000 to 2023) in
both English and Persian and in the major Iranian and international scientific
databases and drawing a thematic hierarchical map in MAXQDA, the cur-
rent study has examined the barriers and challenges of organic agriculture in
Iran and identified the reasons for its failure. The study’s findings indicate
that there are three primary categories of obstacles in this regard: political,
demand, and supply sides. The policy side encounters the most challenges,
with 18major barriers, followed by the supply and demand sides, with 17 and
11 barriers, respectively. It reveals how political changes in organic farming
play a crucial role in making it easier for Iran’s agricultural and food system
to convert to organic farming.

Keywords: Organic agriculture obstacles, organic farming in Iran, thematic
analysis
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Institutional development and land-use dynamics at the
agricultural frontier in the Peruvian Amazon

MIGUEL ANGEL LA ROSA SALAZAR
Humboldt-Universität zu Berlin, Agricultural and Food Policy Group, Germany

The doctoral research aims to comprehensively understand the institutional landscape
shaping the agricultural frontier in the PeruvianAmazon (AFPA). TheAmazon region
is subjected to an extractivist policy framework that oversimplifies its complexity, and
amore holistic policy-making approach is required. Therefore, untangling the diverse
institutions involved in shaping land-use dynamics is crucial. To look at the AFPA is
an essential part of such an effort.
The research seeks to answer the following question: How do multiple institutions
shape land-use dynamics in the AFPA? The study goes beyond identifying correla-
tions and variables and aims to depict stories that explain how the AFPA develops,
considering differences across various areas.
The research focuses on the institutionalisation of discourses and their connection to
the AFPA’s institutional landscapes, including the various institutions that influence
the dynamics of agricultural frontiers in Amazon lands in Peru. The study covers di-
verse scales of agriculture and does not limit its reach to the agriculture sector only. It
also presents different levels of analysis, from local to international trade (legal or ille-
gal) and policies. Furthermore, the AFPA is approached as a social-ecological system,
allowing for the consideration of its complexity.
The study comprises three parts. The first part is a systematic literature review of the
role of institutions in agricultural frontiers, focusing on research traditions and meth-
ods applied to this topic. The second and third parts address the different levels of
influence on the AFPA. Part two considers national and international levels, covering
markets and political endeavours. As the Peruvian Amazon is not homogeneous, the
third part will consist of three case studies. Both parts include documentary reviews
and semi-structured interviews, with diverse literature and statistics providing addi-
tional context.
The researchwill support efforts to conserve the Amazon region and promote sustain-
able food provision. It will hopefully inspire conservation measures for other social-
ecological systems. Also, this study intends to display the necessity of coordinated
efforts to understand and deal with the various ecological problems in Peru and other
regions.

Keywords: Agricultural frontier, Amazon, discourses, institutions, social-ecological
systems
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Gendered livelihood strategies and food security of cacao
smallholders in Alto Sinú, Colombia

LINA TAMI-BARRERA
The Pennsylvania State University, Department of Agricultural Economics, Sociology,
and Education, United States

After four decades of anti-drug policy implementation in Colombia, in 2021, the
’illicit crops’ area reached a new record, 204,000 hectares. This fact triggered a wave of
questioning about the effectiveness of alternative development (AD) programmes in
materializing alternative livelihoods for smallholders and collectors involved in coca
cultivation. Likewise, criticisms pointed out the lack of gender-sensitive approaches,
putting additional constraints onwomen’s access to assets, decision-making, and liveli-
hood outcomes control.
In AD programs, several crops (e.g., coffee, oil palm, cacao, rubber) have been pro-
moted as promising sources for replacing coca income. However, most of them still
seem ineffective in alleviating poverty andmaking households capable of coping with
economic and environmental stresses. The last UNODC report indicated 86% of coca
areas have remained in the same regions for more than ten years, partly in response to
the vulnerable socioeconomic conditions of communities that see coca as a means of
subsistence. The net income of smallholders can reach 78% of coca production value,
while through other agricultural activities, obtain 53%. Particularly, government and
international aid have spent significant resources fostering cacao agroforestry systems
(CAFS) among smallholders willing to abandon coca. Between 2003 and 2017, AD
programmes established 79,500 hectares, corresponding to 45% of the total cacao area
by the end of this period. Although CAFS are multifunctional systems capable of
providing numerous benefits to households (e.g., income, food security, nutrition di-
versity, resilience capacity, restoration of degraded ecosystems), there is little under-
standing of howCAFS, combined or not with other activities, shapes household liveli-
hoods and goals. Besides, little attention is paid to how gender relationships influence
asset access, decision-making, and livelihood strategies of households in AD contexts.
Drawing from two cases of rural communities servedwith AD cacao projects in north-
ern Colombia, this presentation seeks to show preliminary results by examining the
following questions: i)What are the livelihood strategies pursued byhouseholds served
withAD cacao projects inAlto Sinú? ii)Howdo gender relations and livelihood strate-
gies intersect in cacao households inAlto Sinú?, and iii)What livelihood strategies and
gender relations respond most effectively to food insecurity?

Keywords: Cocoa agroforestry systems, food security, gender, livelihoods strategies
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How do gender-caste intersectionalities influence the
involvement of communities in organic cotton farming?

KUSHALA WITHARANAGE1, AKANKSHA SINGH2, CHRISTINE BOSCH1,
REGINA BIRNER1

1University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

2Research Inst. of Organic Agriculture (FiBL), International Cooperation, Switzerland

The socioeconomic and environmental benefits of organic farming have been widely
explored in research, while topics like gender equity and labour are often neglected.
In India, the influence of caste and gender identities adds another layer of complexity
to these aspects. Using a case of a research and training project implemented in the
Nimar Valley region of Madhya Pradesh since 2007, we explore gender and caste in-
tersectionalities within conventional and organic cotton farming systems. The project
promotes organic cotton cultivation and food crop diversification, and trains women
from marginalised tribal communities, among others. We use a relational approach,
as proposed by David Mosse, to understand differences in organic and conventional
cotton farming systems in the representation of caste and gender and concerns and
barriers to the involvement experienced by different actors. We interviewed 80 re-
spondents employing participatory social network mapping, gendered seasonal cal-
endars, in-depth interviews and participant observation in training, applied during a
three-month fieldwork in 2022/23. Preliminary results show among others that, repre-
sentation in terms of caste and gender has been static in both conventional and organic
farming systems. Mainly females from scheduled castes (SC, Dalits) and scheduled
tribes (ST, Tribals) are represented as casual labourers in seeding, weeding and cotton
picking. The bargaining power of labourers, deciding both wages and working hours,
has increased in recent years. This potentially is a positive social change, but puts
a higher burden on organic cotton farmers as it is more labour-intensive compared
to conventional farming. Our results further indicate that due to high labour wages,
there is a resurgence of labour-sharing arrangements for cotton harvesting amongst
rich upper-caste farmers and, novel involvement of upper-castewomen in cotton farm-
ing activities. Tribal farmers in turn start growing conventional cotton. Also, with less
cultivable land owned, project activities are less accessible to Dalits. We emphasise
that ensuring direct benefits for Dalits in project activities would contribute to increas-
ing equity and promoting pro-poor outcomes, albeit potentially increasing the costs of
organic cotton. These could be offset by higher prices for organic cotton. Further more
women-inclusive training could potentially lead to synergies,e.g. with cotton quality.

Keywords: Caste gender intersectionality, India, organic cotton farming, production
relations
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Asset control among rural households in Petén, Guatemala:
Evidence on gendered and joint decision making

DIETMAR STOIAN1, ARUNA KAINYANDE2, ALDO RODAS3, ILIANA MONTERROSO4,
LUKAS GIESSEN2

1CIFOR-ICRAF, Sustainable and Equitable Value Chains, Germany
2TU Dresden, Inst. of International Forestry and Forest Products, Germany
3Ministry of Agriculture and Livestock, Natural Resources and Agrotourism, Guatemala
4Center for International Forestry Research (CIFOR), Equal Opportunities, Gender,
Justice and Tenure, Guatemala

The complexity of household decision making over livelihood assets poses a
significant challenge and has development implications. A growing body of
literature sheds light on gendered decision making in farming households,
with the aim to identify patterns of inequality and underlying factors. In
our analysis of six community forest enterprises (CFEs) in the Maya Bio-
sphere Reserve in Petén, Guatemala, we adopted a gender lens for a sur-
vey among CFE member households by defining 17 areas of decision making
linked with natural, human, social, physical and financial capitals. Based on
a random sample of 170 households, we sought to identify areas of gender-
differentiated decision making and those where decisions are taken jointly.
Women and men respondents were asked separately about each other’s role
in decision making for cross-checking.
Results varied across households and livelihood assets, both in terms of per-
ceived roles in decision making and decision making as such. Male involve-
ment was particularly strong in decisions related to natural, physical, and so-
cial capitals. Women’s involvement was relatively stronger for human cap-
ital, particularly regarding decisions on health and child education. Percep-
tions on each other’s role in decisionmakingwere congruent betweenwomen
and men for some areas, but markedly different for others. Such discrepan-
cies can be linked with gender norms attributing decision-making authority
in certain areas to men or women. Importantly, despite patterns of gender-
differentiated decision making across the four capitals mentioned, we found
a significantly higher level of joint decision making with regard to financial
capital. This is striking as decisions around household income have widely
been purported to be male dominated.
The results suggest that, despite decisions over certain livelihood assets be-
ing skewed towards one gender, financial capital stands out as an area of
joint decision making. Being an integral part of a household’s economic base,

Contact Address: Dietmar Stoian, CIFOR-ICRAF, Sustainable and Equitable Value Chains,
c/o Global Crop Diversity Trust, Platz der Vereinten Nationen 7, 53113 Bonn, Germany,
e-mail: d.stoian@cifor-icraf.org
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gender-equitable control over financial capital underscores a prominent role
of women in household decision making in the CFEs surveyed. The method-
ological approach pursued and the results have implications for policies and
development interventions aimed at transforming gender relations in rural
households in pursuit of gender equality.

Keywords: Decision making, gender equality, livelihood assets, Maya
Biosphere Reserve
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Developing women’s empowerment in energy index:
Conceptual framework and empirical evidence

VIDYA VEMIREDDY1, MUZNA ALVI2, PRAPTI BAROOAH2, CLAUDIA RINGLER3
1Indian Institute of Management, Ahmedabad, Centre for Management in Agric., India
2International Food Policy Research Institute (IFPRI), India
3International Food Policy Research Institute (IFPRI), United States

Equal access to clean energy is key to meeting SDGs 5 (Achieve gender equality and
empower all women and girls) and 7 (Ensuring access to affordable, reliable, sustain-
able, and modern energy services for all). However, energy access is not distributed
equally around the world, with more than 80% of energy poverty, that is the lack of
access to sustainable, modern energy services and products, concentrated in rural ar-
eas, where it affects agriculture, food security and nutrition, and reduces livelihood
opportunities and well-being. At the same time, a transformation in energy technol-
ogy and resources is underway as the world moves to more efficient ways of conduct-
ing day-to-day activities while enhancing productivity. But are the gains from energy
transformation distributed equitable within and across countries, communities and
households? Research has established that compared to men, women spend a dis-
proportionately large portion of their time in non-income generating activities in the
household, and increasingly also in productive work such as agriculture and off-farm
work. However, when it comes to equity in access to efficient energy resources, gen-
der gaps remain vast. Research examining gender differentiated patterns of energy
use or access, and the role that women’s empowerment plays in this, is scant. Our
paper develops a framework to inform the relationship between empowerment and
access to energy in rural areas. We supplement this with detailed survey data from
India, Pakistan, and Nepal, empirically examining the linkage between energy access,
women’s empowerment and household well-being. We hypothesise that multiple di-
mensions of empowerment such as mobility, agency, and control over income, are
the main drivers as well as outcomes of equitable energy use and access. We con-
tribute to the knowledge gap by first, reviewing the extant literature to understand
the gender-differentiated patterns of access or use of energy and the role of women’s
empowerment. Second, we develop a theoretically grounded conceptual framework
to study energy and women’s empowerment and identify a set of indicators that can
be used to measure women’s role in a rural and developing country context. Finally,
we present empirical evidence linking women’s energy use portfolio to measures of
empowerment in South Asia.

Keywords: Empowerment, energy, gender, irrigation, South Asia
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Gender and climate change adaptation in refugee hosting
landscapes in the arid tropics of Eastern Africa

RUTH MENDUM1, ANDREW ADAM-BRADFORD2, SOLOMIE GEBREZGABHER3, JAMES
KINYUA GITAU4, DESTA WOLDETSADIK5, MARY NJENGA6
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DEP), United Kingdom

3International Water Management Institute (IWMI), Ghana
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6CIFOR-ICRAF, Climate Change, Energy and Low-Carbon Development Theme and
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In EastAfrica, themajority of refugees and evenhost communitymembers are
adult women and children, with both groups being settled in arid drylands.
In the case of refugees, men have been killed, or are staying home to partici-
pate in unrest or to protect property in country. In host communities, adult
men who are able to seek work in cities, leave to earn more, some never to re-
turn. As a result of these demographic realities, the remaining adult women
have high care work burdens, caring for children. These responsibilities are
not just a matter of physical resources, but also critically time poverty. Gen-
der sensitive protection is also a critical issue. Women and children need to be
able to participate without encountering gender-based violence and abuse.
Burdens for both refugees andhost communitymembers include past trauma,
varying levels of literacy, cultural diversity that is poorly understood, and lin-
guistic diversity. Refugees can stay in camps for years and thus the psycho-
logical benefit of skill building to support households most pressing needs.
Host community members receive little or no individual support offered to
refugees and thus can be more food insecure than the newcomers, hence the
necessity of incorporating a social cohesion approach.
The reality of refugee accommodation in environmentally fragile tropical dry-
lands means that camps are considered an ecological burden. This presenta-
tion reframes refugees and impoverished host community members, espe-
cially young women, as agents of climate change adaptation. Teaching in-
terested refugee and host communities to cultivate small home gardens irri-
gated with greywater, plant fruit and shade trees in their compounds, make

Contact Address: Ruth Mendum, Mendum Consulting, Penn State University (retired), Gen-
der Equity through Agricultural Research and Education Initiative (GEARE), Ag Sciences
Global, College of Agricultural Sciences, 728 Tussey Lane, 16801 State College, United States,
e-mail: ruth.mendum@gmail.com

ID 207 621



Social justice and gender

briquettes from charcoal dust and soil, and buildmore efficient stoves from lo-
cal clay, reduces the impact of dense settlements on fragile landscapes. In the
process, newcomers and former livestock herders displaced by drought are
transformed from a social justice and ecological challenge to active restora-
tion participants.

Keywords: Arid tropics, climate change adaptation, cooking energy, food,
gender, refugees
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Sustainable business models with a gender-sensitive
approach for artificial cattle insemination services in the

northwest highlands of Vietnam
AURA BRAVO1, THINH NGUYEN THI2, PHUONG NGUYEN THI MINH2, NATALIA
TRIANA-ANGEL1, HUYEN LE THI3, KAREN MARSHALL4, STEFAN BURKART1
1International Center for Tropical Agriculture (CIAT), Trop. Forages Program, Colombia
2International Livestock Research Institute (ILRI), Vietnam
3National Institute of Animal Science, Vietnam
4International Livestock Research Institute (ILRI), Kenya

The last 40 years of Vietnam’s economic history have beenmarked by significant trans-
formations and a dazzling market opening that impacted society’s livelihoods, food
preferences, and consumer demand. In this scenario, agricultural and livestock pro-
duction plays a pivotal role. The livestock sector, especially poultry and pig chains, has
undergone an energetic modernisation process resulting in a predominant model ori-
ented to large andmedium-scale production, with specialised breeds and greater tech-
nological adoption. However, the cattle production model remains mostly in small-
scale production. Therefore, governmental plans have prioritised interventions for
further the proportion of beef produced by commercial farms and improving local
breeds’ productivity bypromoting crossbreedingwith beef-specialised breeds through
the artificial insemination (AI) practice. Then, initiatives implemented have focused
on developing productive capacities and strengthening knowledge transfer to small-
holders and veterinary workers to promote the adoption of sustainable livestock in-
novations. These have included breed selection, breeding, and artificial insemina-
tion (AI) techniques in cattle. Nevertheless, persistent gaps include limited supply,
reduced access, and affordability of these services. This research aims to analyse
the current delivery model of AI services in the northwest highlands of Vietnam.
We follow the steps for developing innovative business models proposed by Oster-
walder and Pigneur (2010) using the triple-layered business model canvas framework
of Joyce, Paquin, and Pigneur (2015). A qualitative, gender-sensitive approach was
used, conducting key informant interviews and focus group discussions with AI ser-
vice providers and other stakeholders for whom the adoption of this practice in cattle
is relevant (including adopters and non-adopters, women and men, farmer groups,
input suppliers, and local authorities). The expected results will be articulated to
develop integrated innovative models for the delivery and scaling of innovations in
breeding, feeds and forages, and animal health, as well as generating evidence for
their scaling in other regions.

Keywords: Breeding, cattle, delivery innovations, qualitative approach, scaling up
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Can gender-intentional information campaigns through
social institutions enhance women’s participation in wheat

seed markets?
MICHAEL EULER, ABDU MOHAMMED, MOTI JALETA

International Maize and Wheat Improvement Center (CIMMYT), Ethiopia

Although many women actively participate in household crop production, farming
under female responsibility is often characterised by low adoption and turnover rates
of modern varieties. Enhancing equitable access to improved seeds can increase pro-
ductivity of female managed cropping systems, foster social inclusion, and improve
food security in the Global South. In small-scale wheat systems, female farmers of-
ten rely on informal seed sources and seeds from own stocks to obtain planting ma-
terial. One major limitation to a more frequent uptake of fresh seeds includes the
limited exposure and access to information on agricultural technologies, especially as
women tend to be underrepresented in community-based farmer institutions and un-
derserved by agricultural extension system. Through a randomised controlled trial,
this study quantifies the effects of the delivery of gender-intentional information cam-
paigns on the purchase of fresh wheat seeds by female farmers in Ethiopia. Imple-
mented between May and June 2023 with 1000–1400 farmers, the study relies on ex-
isting socio-economic institutions to channel information on available varieties in the
formal seed market and their agronomic properties to farmers. In contrast to con-
ventional approaches, information campaigns are delivered through village-level in-
stitutions that are dominated by female or male members. Villages are randomly as-
signed to the following treatment arms: information campaigns through male dom-
inated farmer cooperatives and female dominated women groups (T1); information
campaigns through farmer cooperatives only (T2). Comparison of the share of female
farmers who purchase fresh wheat seeds between treatment arms and control villages
without information campaigns (C) allows the estimation of the treatment effect of
gender intentional information campaigns on share of fresh seed purchases by female
farmers. We hypothesise that gender-intentional information delivery has a positive
effect on the purchase of fresh seeds from formal sources among female farmers in
female headed households, and female farmers in dual headed households. We fur-
ther postulate, that the effect of information on seed purchase is highest where female
farmers already have an active role in household decision-making in crop produc-
tion. Results will support the design of gender-intentional extension services, market-
ing, and delivery of newly released wheat varieties through the formal seed sector in
Ethiopia.

Keywords: Adoption of agricultural technologies, Ethiopia, gender, village institu-
tions, wheat
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Empowering rural farm women in agricultural development:
A decision analysis approach with a focus on gender

ALEXANDRA P. C. KRAUSE, EIKE LUEDELING, CORY WHITNEY
University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES) - Horticultural Sci.,
Germany

Despite being extremely important for holistic research, gender is often over-
looked in agricultural and development-related studies. Rural farm women
in low- and middle-income countries are the main subject of rural agricul-
ture development interventions for women’s empowerment. We study fac-
tors influencing their empowerment in agricultural development to support
researchers in capturing gender in development-oriented agricultural mod-
elling efforts. We generated a literature-derived decision model by applying
Monte Carlo simulation, a random sampling method, to include the uncer-
tainty and riskiness of the decision outcome. The underlying Decision Anal-
ysis impact pathway describes women’s empowerment within their social en-
vironments through gains in the areas where they are disadvantaged, i.e., ed-
ucation and training, economic strength, agricultural resources, health care
and nutritious food, further strengthening their ability to work and, thus, fi-
nancial resources. Safety is a crucial constraint for rural women since they can
face danger within families and communities. We programmed the model
as a Shiny app (https://femiaculture.shinyapps.io/femiaculture/) tool to be
used by research teams for estimating the gains in rural women’s empower-
ment resulting from any research efforts. The app can also support individual
women using their own inputs. Based on research on prior empowerment in-
terventions and the system of empowerment, we show that increasing gains
for women and supporting empowerment is superior to the status quo if vi-
olence against women does not increase. Further holistic, system-oriented
thinking and trans- and interdisciplinary research can reduce bias and in-
clude women as decision-makers over their empowerment. Such inclusive
studies of female empowerment could produce actionable future models and
web apps that can potentially empower rural women in different areas.

Keywords: Agricultural development, decision analysis model, empower-
ment, gender, rural farm women, transdisciplinary research
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Impacts of electrification on the welfare of rural households
in Ethiopia: A gendered perspective

TIRUWORK AREGA1, DAWIT MEKONNEN1, CLAUDIA RINGLER2
1International Food Policy Research Institute (IFPRI), Ethiopia
2International Food Policy Research Institute (IFPRI), United States

The aimof this paper is to examine the gendered benefit streams of household-
and village-level electrification rural households in Ethiopia. Using three
rounds of panel data, we provide insights into the gendered impacts of elec-
tricity infrastructure on school children, non-farm income, and women em-
powerment. The results of our study indicated that the benefit streams of
electricity are clearly gendered, affecting women and men differently. The
scale of electrification shows a correlation with years of schooling completed
by boys’ and girls’. School-age girls benefit from electricity infrastructure
when the household they live in has access to electricity whilst village electri-
fication has a greater spillover effect on boys’ years of schooling completed.
We found a positive and strong association between women-headed house-
hold off-farm income and village electrification; suggesting women’s level of
commitment to operating non-farm business and a robust ability to translate
village-level electricity into economic opportunities. Moreover, adult women
living in electrified households appear to have improved decision-making
agency and more autonomous control of key business equipment. The result
highlights that girls level of education andwomendecision-making power are
enhanced by household-level electrification. Notably, neither girls’ school at-
tendance nor adult women’s decision-making authority correlate positively
with village-level electrification; thus, even in electrified villages, improving
girls’ and women’s welfare requires tailored and complementary investments
in both on- and off-grid options at household level. Our findings further sug-
gest the importance of considering the gendered needs and different energy
requirements of females and males during the planning and implementation
of rural electricity infrastructures.

Keywords: Electrification, Ethiopia, gender, non-farm income, schooling,
women’s empowerment
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Farmer field schools in southeastern Madagascar: Best
practices for gender-sensitivity

SARAH TOJO MANDAHARISOA1, JONATHAN STEINKE2, NARILALA
RANDRIANARISON1, DENIS RANDRIAMAMPIONONA1, STEFAN SIEBER3,

HARILALA ANDRIAMANIRAKA1
1University of Antananarivo, Tropical Agriculture and Sustainable Development Dept.,
Madagascar

2The Alliance of Bioversity International and CIAT, Digital Inclusion, Italy
3Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SusLAND), Germany

The Farmer Field School (FFS) approach is used by many development projects in
low- andmiddle-income countries to promote agricultural technologies among small-
holder farmers. Typically, this involves a fixed group of members meeting regularly
to discuss farming challenges, receive practical trainings, and practice new techniques
on a joint plot. Within a project targeting food and nutrition security in southeastern
Madagascar, threeNGOs have implemented individual variations of the FFS approach
in three different districts, each targeting women in reproductive age (15 – 49 years).
Because women’s involvement in agriculture is often marginalised in southeastern
Madagascar, this study aims to identify best practices for including women in FFS. To
describe the three FFS approaches and their respective benefits and disbenefits from
the women farmers’ perspective, we interviewed 60 women FFSmembers, three NGO
representatives, and three local agronomists in charge of supervising the FFS groups.
We also observed 11 FFS sessions and held 20 focus group discussions with women
FFSmembers. Interviews and focus group discussions were transcribed verbatim and
analysed through thematic coding. We found that participation in FFS is often chal-
lenged by women’s high workload of household chores and the perceived difficulty
of the techniques. Adoption of the promoted practices can be limited, for example, by
their physical difficulty (e.g., digging holes), women’s low decision-making power in
their family’s agriculture, singlewomen’s lack of access tomanure, andmental barriers
that consider specific activities as ‘men’s duties’. However, we also identified multi-
ple best practices for increasing the gender-inclusiveness of FFS. This includes timing
FFS sessions with women’s daily chores by holding sessions early in the morning for
example, avoiding long walks by setting up vegetable gardens near houses, combin-
ing agriculture-focused FFS activities with social and non-farming activities, such as
cooking demonstrations, focusing on agricultural practices that require little physical
effort. Our findings provide recommendations for increasing the gender-sensitivity
of FFS in southeastern Madagascar. These best practices can help development stake-
holders to enhance the involvement of women farmers in agricultural training activi-
ties, to improve their productivity and to strengthen their livelihoods.

Keywords: Agriculture, gender, Madagascar, qualitative research
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Are animal breeding technologies shifting gender norms?
The case of Tanzanian small-scale dairy farming

IMMACULATA OKEKE1, JULIET KARIUKI1, ALESSANDRA GALIE2, JULIE OJANGO2,
ELIAMONI LYATUU2, MIZECK CHAGUNDA1

1University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

2International Livestock Research Institute (ILRI), Kenya

Gender dynamics and norms are crucial for rural livelihoods and achieving food se-
curity. While norms related to ownership, management, product distribution, and
sales methods are prevalent in dairy production, little research has been conducted
in this area. This study hypothesised that innovations introduced without consider-
ing gender dynamics and normsmay limit the extent of transformative change. Using
gender-sensitive mixed methods, this study investigated the implications of introduc-
ing technologies for intra-household dynamics and gender norms in dairy-producing
communities. TheAfricanAsianDairyGeneticGains Programme (AADGG)has been
introducing improved dairy breeding technologies in smallholder dairy farms in Tan-
zania. This served as the study case. Intra-household data were collected from 180
smallholder farmers surveys, gender-aggregated focus group discussions involving
80 farmers, and six expert interviews. Data were analysed using content analysis,
descriptive statistics, and variance analysis. Introducing dairy breeding technologies
reduced women’s control over milk incomes in two ways. First, improved breeds led
to women and men participating in milking, previously carried out solely by women.
The increased profitability of the dairy enterprise raised the outlook and status of some
chores related to dairy husbandry. This shift, although linkedwithwomen’s economic
empowerment and gender-equal distribution of household responsibility, resulted in
the transfer of milk income from women to men in most cases. This demonstrates a
marked shift in women’s traditional roles away from exclusive contributors to house-
hold nutrition to dependents of their husbands to meet household nutritional needs.
In most survey responses (99.9%), the study showed that technological improvement
led to milk increase. The milk increase did not, however, necessarily correspond to
higher income for farmers, as the milk market would easily oversaturate, culminat-
ing in low prices. The impact of shifting gender norms and dynamics on household
food security and livelihoods can be positive and negative, with its severity varying
based on the household type and marital status of the dairy farmer. Therefore, to
maximise transformative outcomes, innovative technologies should be customized to
meet the requirements of different gender groups while considering societal and gen-
der norms. Furthermore, providing training on further innovations could mitigate
any consequences resulting from current advancements.

Keywords: Animal breeding, gender dynamics, gender norms, smallholder dairy
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Shifting gender roles in agriculture: Estimating the impact of
a women-centric R&D programme in India

VIJESH KRISHNA1, SUBASH SURENDRAN PADMAJA2, MONISH JOSE3, WASIM
IFTIKAR1, PRAKASHAN C VEETTIL4

1International Maize and Wheat Improvement Center (CIMMYT), Sustainable Agri-
food Systems, India

2Univeristy of Bonn, Center for Development Research (ZEF), Germany
3Kerala Institute of Local Administration (KILA), India
4International Rice Research Institute (IRRI), India

With the rapid structural transformation of the economy and the increased
outmigration of male farmers, Indian agriculture has been increasingly femi-
nized in the recent past. Nevertheless, the research-and-development (R&D)
programmes in the field of agricultural and rural development often neglect
to address the unique challenges that women farmers face in crop produc-
tion and marketing. Furthermore, gender-sensitive socioeconomic research
has revealed the intricate nature of intra-household decision-making and re-
source allocation, and that increased involvement of women in agriculture
does not invariably ensure a better livelihood for them, especially when pa-
triarchal norms and family relations remain strong. Women are often in-
volved as unpaid family laborers than farm managers. Against background,
the present study estimates the effects of an inclusive extension programme
for women farmers of Odisha State, India. We aim to examine the changes in
women’s empowerment status as a result of their participation in a women-
centric R&D initiative on sustainable intensification of rice-fallow systems.
Maize was introduced with the help of demonstration trials, field days, and
farmer training sessions, which were mediated through women’s self-help
groups (SHGs) to increase farm-household income in Mayurbhanj District.
Using a cross-sectional dataset of 1,005 women farmers, the effects of the
demonstration trials onmaize adoptionwere obtained. Further, using a quasi-
experimental approach with instrumental variables, we obtained the impact
of maize adoption on women’s empowerment, captured using the Abbrevi-
ated Women’s Empowerment in Agriculture Index (a-WEAI). The analysis
provided three broader lessons and implications for inclusive extension pro-
grammes on sustainable intensification of agricultural systems. First, targeted
dissemination of new cash crops like maize is found to enhance women’s
agency in multiple ways. Second, implementing the R&D projects through
SHGs is found to enhance women’s active participation in group activities,
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which could improve their agency and control over production resources. Fi-
nally, gender-sensitive technology development and dissemination require a
multi-pronged strategy to guide the agricultural R&D system for modifying
institutional frameworks and mindset to promote gender-intentional sustain-
able intensification interventions. Increased investment and research focus
are necessary to better understand and integrate gendered technology pref-
erences into the broader sustainable intensification framework.

Keywords: Feminisation of agriculture, inclusive extension, maize
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Nutrition, gender and social cohesion effects of
commercialisation of African indigenous vegetables on

smallholder farmers
CHRISTOPH KUBITZA1, SARAH HACKFORT1, CAROLINE STOKES1, CORNELIA RAUH2,
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1Humboldt-Universität zu Berlin, Thaer-Institute of Agricultural andHorticultural Sci.,
Germany

2Technical University Berlin, Germany
3Egerton University, Kenya

The interdisciplinary research project “Social Cohesion, Food & Health - Inclusive
Food System Transitions” (IFST) aims at advancing research on food system tran-
sitions focusing in particular on interactions with social and societal issues. In the
framework of the IFST project, our case study on the nutrition-sensitive value chains of
African indigenous vegetables (AIVs) analysed the commercialisation of these crops
in Kenya. Using household fixed-effects models, we find that smallholder farm house-
holds’ income increased significantly between 2016 and 2022 with AIV commercial-
isation. We analyse three potential trade-offs related to nutrition, resource sharing
and solidarity, and women empowerment. We find that commercialisation did not
negatively affect smallholders’ nutrition outcomes but did not improve them either.
In terms of community solidarity and resource sharing, our results are ambiguous.
While we find that sharing AIV for free decreased with commercialisation, we find no
consistent and significant evidence that solidarity indicators changed over time with
AIV commercialisation. We relate this to our finding from the FGDs that there is no
unidirectional effect of commercialisation on solidarity, but rather multiple and some-
times opposing mechanisms at work. Lastly, we observe an economic empowerment
of women that we relate towomen’s individual and collective strategies aswell as their
retention of control over AIV marketing and profits. Yet, AIV commercialisation does
not contribute to a redistribution of land rights or labor; instead, it increases women’s
labour burden. Overall, with rather favourable social and economic effects for small-
holder farmers, these emerging nutrition-sensitive value chain of AIV could be an im-
portant instrument to reduce hidden hunger in sub-Saharan Africa due to their high
densities of important micronutrients. However, this potential is threatened by high
food losses. We analysed the extent of quantitative as well as nutritional food losses
along the AIV supply chain based on a comprehensive literature review. Our results
suggest high food losses for various nutrients during production and marketing, but
also a lack of detailed studies on nutritional losses for AIV in the supply chain.

Keywords: African underutilised vegetables, Kenya, micronutrients, smallholder
farmers, supply chains
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Understanding territorial bioeconomy systems: The case of a
rural women’s community-based organisation in Colombia
using biodiversity for the production of plant-based natural

products
DANIELA MOJICA LOPEZ, RICARDO VARGAS-CARPINTERO

University of Hohenheim, Dept. Biobased Resources in the Bioeconomy, Institute of
Crop Sciences, Germany

The urgent need of balancing biodiversity conservation and its use as a source of
livelihood options for rural inhabitants has gained increasing attention in the con-
text of a growing biobased economy in rich biodiverse countries. One outstanding
case is represented by the Guapi rural women’s community enterprise, ‘Ríos Unidos’.
This community-based organisation is situated in Guapi, Cauca, in the Colombian
Pacific. One of its production lines is Chanzará Products, where wild plants are trans-
formed into phytotherapeutic products, employing traditional knowledge and tech-
niques. Within the Chanzará product line and throughout the practical experience of
the organisation, different needs that can be converted into upgrading opportunities
have been identified. For instance, the improvement of technical aspects in product
formulation and the determination of fair product prices are key strategies. Given
the territorially-embedded nature of this organisation, a community enterprise, the
transversal consideration of the social dimension is essential. Hence, this study con-
ducts a quantitative and qualitative study with a systems approach of the Chanzará
Product line. This is carried out through amultidimensional analysis covering the eco-
nomic (i.e., value added) and technical perspectives (product formulation), in a con-
text where traditional knowledge and handicraft elaboration are the building blocks of
the production system. Bymeans of participatorymethods such as netmapping, semi-
structured interviews, and observation, the organisational structure and the values
associated to the products are elucidated. Additionally, the distribution of economic
value along the value chain was analysed using the commercial margin calculation.
Two key upgrading strategies and actions were identified. First, an experimental de-
sign, execution, and evaluation of product formulation, namely a facial cream, was
carried out following a participatory action research (PAR) approach. This resulted
in the co-creation of two additional items for the facial line, a tonic and a serum, in ad-
dition to optimising the facial cream. A second action was the standardisation of the
formulations and procedures for the nine Chanzará Products. This study contributes
to generating empirical evidence of bottom-up initiatives dedicated to the sustainable
use of biodiversity and identifying success factors and improvement possibilities that
can be replicated in other cases.

Keywords: Bottom-up approaches, community based enterprises, participatory
action research, phytoterapeutic products, wild plants
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Gender gap in rice productivity: Micro-evidence from
Myanmar

NANDAR AYE CHAN, ORKHAN SARIYEV, MANFRED ZELLER
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

Gender equality in agriculture is critical to ensuring food security and economic de-
velopment. Numerous studies have estimated the gender gap in agricultural produc-
tivity in many developing countries. The magnitude of the gender gap in crop pro-
ductivity in Myanmar has not been evaluated in the literature. This article provides
empirical evidence of the gender gap in rice productivity in the Ayeyarwady Delta Re-
gion, Myanmar using a detailed gender-disaggregated household and plot-level sur-
vey dataset (2014) from the IRRI rice project. This article investigated the limitations of
existing literature in three different ways. First, this study used regionally represented
crop-specific micro-level data. Second, the study separately estimated the gender gap
in dry and wet seasons to address seasonal variation, and considered the heteroge-
nous effects of marital status and locational variation. Third, this study also assessed
jointly-managed plots, which are generally excluded in most previous studies. The
Oaxaca–Blindermean decomposition approachwas used to identify the causes of gen-
der differences in monsoon and summer paddy productivity. Our empirical findings
show that female managers are 7.1% less productive than male managers, particu-
larly in monsoon paddy production, after controlling for observed factors; however,
the magnitude of the summer yield gap (2.79%) between men and women is small
and insignificant. The structural effect (95.77%) rather than the endowment effect
(4.37%) statistically explains the gender gap in monsoon paddy productivity, sug-
gesting that despite having equal inputs access, men andwomenwould have different
productivity levels. Joint managers are 7.04%more productive than female managers
and 4.25% more productive than male managers, particularly in summer paddy pro-
duction. It shows that seasonality affects gender productivity disparity. The results
of marital status heterogeneity show that divorced women account for a large portion
of the productivity differential among non-married women managers. Initiatives to
eliminate the gender gap in rice yield in Myanmar should pay attention to the unique
requirements and obstacles women encounter throughout different seasons and tailor
their interventions accordingly.
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Women farmers’ strategies to enhanced cocoa production:
An Ivorian perspective
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In recent years, much has been done to promote equal human rights and fi-
nancial independence for women cocoa producers. Nevertheless, women’s
role in cocoa farming households remains largely unrecognised. A focus on
sex-disaggregated statistics leads to gender-related biases associatedwith im-
balanced or incomplete representation of population groups and biasedways
in which gender information is elicited. To overcome knowledge gaps on
gender, this study focuses on Ivorian women cocoa farmers. Female-headed
households in Côte d’Ivoire own, on average less land compared to male-
headed households. Nonetheless, women’s land tenure is a highly dynamic
issue, and in recent years a growing number of female-headed households
in cocoa-producing communities has been observed. Besides, female-headed
households show an increasingly higher diversification in their cocoa farms.
Based on 40 narrative interviews with female cocoa producers and represen-
tatives of producer associations, we aim to understand female-headed house-
hold farming and diversification strategies and their current challenges and
opportunities related to their agricultural activity. Narrative interviews are
a means of collecting women’s own stories about their experiences as cocoa
producers. The results of this study give insights into socio-cultural factors af-
fecting women’s participation in the Ivorian cocoa value chain, differentiated
social needs, and strategies to overcome constraints. Land access, access to fi-
nance and labour, and high illiteracy rates are crucial issues limiting women’s
participation in the cocoa value chain. However, due to their increasing in-
terest in agriculture and economic independence, and entrepreneurial skills,
women have developed strategies to overcome constraints such as organisa-
tion, diversification, and gender awareness raising.
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Gender roles in agroforestry: Challenges and opportunities
in Dodoma region, Tanzania
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This study evaluates the gender roles in agroforestry (AF) technologies in the semi-
arid Dodoma region of Tanzania, specifically focusing onwomen’s contribution to tree
intercropping combined with different soil and water harvesting technologies. We as-
sessed various factors highlighting women’s involvement in farm activities, allocated
land for AF, decision-making (e.g., crop type selection and farm income control), land
entitlement and ownership, and perception of the level of AF integration with indige-
nous knowledge. Using stratified random sampling, between August and September
2022, 315 households (HHs), consisting of 167 females and 148 males, from five vil-
lages were interviewed. Out of these, only 21% were female-headed HHs. The find-
ings indicate a difference in land allocation for AF technologies between male-headed
and female-headed HHs, with male-headed HHs significantly (𝑝 < 0.05) allocating
more land to AF. Additionally, only 22% of females are entitled to land. The study
also finds a significant association (𝑝 < 0.05) between gender and the perception of
the level of integration of AF with indigenous knowledge, with male farmers perceiv-
ing a higher level of AF integration (30%) than female farmers (17%). Female farmers
mentioned high capital cost, lack of skilled labour, and lack of know-how as factors
for lowAF integrationwith local knowledge. Although it was not our study’s primary
objective, the study revealed a lack of gender diversity in the agricultural extension
services provided in the region, as there were no female extension workers in the five
study villages. Despite this, female farmerswere involved in a greater diversity of farm
activities than male farmers, and decision-making for crop type selection and farm in-
come control was mainly joint. Programs prioritising the inclusion of women in AF
technologies are crucial to ensure sustainable and equitable agricultural development,
thereby improving rural livelihoods. Empowering female farmers by addressing land
entitlement issues, increasing credit access to female farmers, and involving more fe-
male agricultural extension workers are key to enhancing women’s involvement in
promoting the adoption of AF technologies and improving gender equity in the agri-
culture sector in the study region.

Keywords: Agroforestry, female farmers, indigenous knowledge, land entitlement
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Farmers perception of female extension services in Ghana
KWABENA BUABENG, KATHARINA LÖHR, STEFAN SIEBER

Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries” (SusLAND), Germany

The recent food crisis has emphasised the need to support agricultural devel-
opment. Women play a significant role in agriculture in many parts of Africa
as they are the principal producers. InGhana, it is estimated that female farm-
ers are accountable for over 70 percent of total food production. Women are
the most important actors in the food chain which starts from farm produc-
tion, market andmost importantly distribution of food within the household.
However, presently, female farmers receive only a fraction of the inputs and
support that their male counterparts receive. One of such inputs is extension
services. This disadvantage further worsens the bias towards male farmers
subsequently preventing efforts being made to offer agricultural services to
women. Therefore, supporting female farmers is key to agricultural devel-
opment, food security and the sustainable improvement of rural livelihoods.
In Ghana, the public sector is the key provider of extension services to farm-
ers. It is underfunded and lacks coordination which leads to underserved
farming populations. The study was conducted in two communities in the
western North of Ghana. The study consisted of a total sample of 80 small-
holder farmers, of which 40 are female and 40 male. This study focuses on
the presentation of major descriptive findings from the quantitative research.
The objective of this study is to investigate why women are disadvantaged
in agricultural extension work and to identify the problems regarding inef-
fectiveness of extension programmes among women as well as recommend
measures for improvement. Field data was analysed using various statistical
tools including frequencies percentages. The study is expected to ascertain
whether agriculture extension services in the communities were adequate
and delivered equitably. It is expected that the agriculture extension pro-
grammes should address the specific needs, preferences and interest of the
men and women farmers for its equitable accessibility.
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Agroecology as a choice of farming practice for women
household members and restoration potentials: A case of

Lake Chamo catchment, southern Ethiopia
SHIBIRE BEKELE ESHETU1, MARCOS LANA2, STEFAN SIEBER1, KATHARINA LÖHR1

1Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries, Germany

2Swedish University of Agricultural Sciences, Crop Production Ecology, Sweden
Agroecology is one of the promising solutions and is currently promoted to deal with
current challenges like biodiversity loss and climate change. Particularly on small-
holder farmers’ land where securing households’ food consumption is a priority. The
objective of this study is to explore how agroecology-based homestead agroforestry
system is contributing to forest landscape restoration (FLR) and providing financial
equity for women. The study used qualitative data through focus group discussion
(FGD) with a total of 32 participants (8 per FGD) discussed with men and women
separately. Participants were asked tomention the reason they are practicing the agro-
forestry system in their homestead as well as subsequent questions on agroforestry
practices. The practice of agroecology with various components on their homestead is
the most preferred land use practice by women thanmen. Most participants indicated
securing household food consumption from the Ensete ventricosum (enset), vegetables,
and other perennial crops they integrate into the agroecology practice is their primary
objective for the practice. Furthermore, practicing agroecology in their homestead is
an inherited societal practice. Interestingly, the cash earned from land use products
is shared based on gender. Men are privileged to handle crop products, plantation
and livestock whereby most products sold from the homestead are left for women.
This is due to their full engagement in the management, and direct cash earning is
possible from components like a coffee leaf, Moringa oleifera powder, products from
enset and vegetables. Even though the women spend the money they have earned
from their homestead for the whole household members’ need, it gives them financial
freedom and security. It has been indicated that indigenous tree species like Cordia
africana, Terminalia brownii and Junipuros procera are the most preferred tree species by
both men and women. This will provide a chance to integrate these tree species into
the agroecology practice. The integration has great potential in implementing FLR
through tree-based restoration practice in the land use system. The study concludes
that agroecology practice can potentially solve income inequality betweenwomen and
men farmerswhile solving the trade-off between FLRusingmonocrop plantations and
securing household food security.

Keywords: Agroecology, FLR, food security, homestead agroforestry, tree based restora-
tion, women
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To what extent do the work organisation and the role of
women determine farm trajectories in the Colombian and

Brazilian Amazon?
ANDRÉS VEGA-MARTINEZ, NATHALIE CIALDELLA, ANDRIEU NADINE

CIRAD Center for International Cooperation in Agricultural Research for Develop-
ment, UMR INNOVATION, France

The development of agriculture in the pioneer fronts in tropical forest is complex given
the tensions that may occur between farmmanagement, forest preservation and socio-
economic development. Agriculture worldwide is developed by small family farmers.
In these farms, their functioning, their organisation of family work and, specifically,
the role of women affect individual trajectories and forest transition processes (degra-
dation, deforestation, regeneration, conservation).
From a systemic agronomy approach, we developed a new methodology to analyse
farm trajectories and their bifurcations in pioneer fronts. Farmers were sampled based
on degradation, deforestation, regeneration and conservation hotspot in Guaviare,
Colombia and Paragominas, Brazil. Through semi-directed interviews, we analysed
the role of women and thework organisation of family that allow us to identify the fac-
tors of sustainable trajectories. In addition, we analysed the territorial factors (public
policies, roads, markets) that have had an effect on the trajectories. Finally, in order
to determine whether agroecology is a solution for sustainable development in the
Amazon, the farm trajectories are reviewed using a grid of agroecological principles.
Our results showed that women play a fundamental role (often invisible) in begin-
ning trajectories that leads to forest regeneration and conservation. Women farmers
are also a fundamental actor in pioneering fronts for agroecology. It was found that
the management strategy of intensification can lead to regeneration or conservation of
forest, as opposed to a strategy based on the expansion of the farm, which in its early
stages degrades the forest. The type of management may depend on the stage of the
front pioneer (beginning, active, consolidated).
Both local government and development programmes play crucial roles in preventing
deliberate bifurcations in farm trajectories that lead to degradation and deforestation
(such as peak workloads, poor health care systems or extreme poverty situations). In
conclusion, we identified the factors that must be addressed in pioneer fronts to foster
farm sustainable trajectories that are a key for building sustainable Amazon territo-
ries. However, there is not only one solution and the design of sustainable pathways
(prospective studies) is fundamental to support a transition to sustainable territories.

Keywords: Agricultural trajectories, agroecological transition, family farms, pioneer
front, transitional pathways
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Hidden pathways: Approaches to understand
intra-household gender relations and climate adaptation in

Kenya dairy systems
TANAYA DUTTAGUPTA, RENEE BULLOCK, PHILIP MIRITI

International Livestock Research Institute (ILRI), CGIAR, Sustainable Livestock
Systems, Kenya

The transformation of livestock systems towards sustainable climate smart systems
will generate multiple trade-offs and synergies. In this paper, we describe how gen-
der relations shape, and are shaped by, climate adaptation innovations, specifically
the uptake of innovations in dairy producing households in Western Kenya. Our re-
search complements a producer-led scaling intervention inwhich positive deviants are
those who, all else being equal, outperform their neighbours. These ‘adaptation pio-
neers’ then lead the scaling of climate smart feed and fodder innovations in their com-
munities. However, intra-household dynamics surrounding uptake of innovations
often are uneven and can reinforce inequitable distribution of benefits and burdens.
We develop a positive deviance framework to identify common and ‘hidden’ patterns
and pathways in intra-household gender relations related to dairy innovations, such
as decision-making surrounding income and labour. Qualitative data was collected
through 20 sex disaggregated focus group discussions, 10 key informant interviews,
and field observations in Nandi and Bomet counties over multiple visits in 2022–2023.
Using vignettes, we explore what ‘typical’ and less common, or ‘deviant’ household
relations are, and whether such deviations are socially acceptable. Thematic analy-
sis was performed in NVivo using iterative deductive and inductive approaches. We
find that most households are patriarchal- men are the primary decision-makers and,
unsurprisingly, this is generally also socially acceptable in the community. However,
both women and men desire more equitable relations and outcomes in their house-
holds, but due to social norms that guidewhat is socially acceptable in the community,
these relationships are not discussed openly in society, especially because they under-
mine men’s roles as heads of household. Married women also negotiate and navi-
gate decision-making spaces, often in hidden ways. This research generates insights
into methodological approaches to reveal complex yet oversimplified dimensions of
gender relations, such as who has agency, and when and how agency is negotiated.
Our findings highlight the potential trade-offs and synergies that may occur through
producer-led scaling and sets a foundation for the design of gender responsive scaling
approaches that can foster synergies in socially equitable climate adaptation strategies
and outcomes.

Keywords: Climate smart livestock systems, dairy innovations, intra-household gen-
der relations, Kenya, positive deviance approach, producer-led scaling, trade-offs and
synergies
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Assessing flood vulnerability for social inclusion and disaster
preparedness in Kerala’s farming communities

DHANUSHA BALAKRISHNAN1, CHRISTOPH FUNK2, SEEMA BALAN1, ARCHANA
RAGHAVAN SATHYAN1

1Kerala Agricultural University, College of Agriculture, Dept. of Agricultural Exten-
sion, India

2Justus-Liebig University Giessen, Center for International Development and Environ-
mental Research (ZEU), Germany

In recent years, natural disasters have significantly impacted both developed
and developing countries, claiming lives and disrupting economic and social
structures. Floods and landslides, accounting for 47% of all weather-related
disasters, have been particularly devastating, and affecting 2.3 billion people
worldwide. India, especially its southern state of Kerala, has been heavily af-
fected by flooding due to topography and socio-economic factors. The south-
west monsoon’s recent changes have led to severe flooding and landslides
in Kerala. Despite farmers in Kerala being frequently impacted by floods
and landslides, there is a lack of studies on their vulnerability, particularly
concerning socio-economic aspects. Assessing farmers’ vulnerability to nat-
ural disasters is crucial for reducing disaster-related risks and ensuring liveli-
hood sustainability. In this study, we evaluate the vulnerability of Kerala’s
farmers using a societal vulnerability index for floods and landslides (SV-
IFL). Examining farmers’ vulnerability to floods and landslides by consid-
ering social, physical, environmental, and economic dimensions is essential
for understanding how hazards affect individuals and communities. To de-
velop the index and enable regional comparison, we collected data from 520
farm households in Kerala’s highlands (Wayanad and Idukki) and lowlands
(Alappuzha and Pathanamthitta). We selected 80 location-specific indicators
for the vulnerability assessment. SVIFL results indicate that Kerala’s high-
lands are more vulnerable to flooding and associated landslides than the low-
lands. Among the four components analyzed, economic vulnerability ranks
highest, followed by environmental and physical vulnerability. Interestingly,
social vulnerability has the lowest susceptibility to natural disasters in Kerala.
Consequently, the development of SVIFL serves as a foundation for assessing
the vulnerability of farming communities, which bear the brunt of climate
change and natural disasters.

Keywords: Farmers, floods, landslides, vulnerability assessment
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Land tenure and agricultural crimes: Empirical evidence from
rural Tanzania

NELSON ALBERT OCHIENG1, ULRIKE GROTE1, ARNAB K. BASU2
1Leibniz University Hannover, Institute for Environmental Economics andWorld Trade,
Germany

2Cornell University, Dyson School of Applied Economics andManagement, United States
Land tenure and agricultural crime are major concerns in sub-Saharan Africa
(SSA). While around 26% of landholders perceive their land tenure insecure,
crime has been reported as one of the country’s most pressing issues. There is
a lack of empirical linkage between land tenure and agricultural crime. This
article provides evidence of agricultural crime, a subject that has received lit-
tle attention in the literature so far by giving answers to the following ques-
tions; (1) who is more vulnerable to agricultural crime victimisation between
individual and family land owners? (2) Does secure land tenure decrease
agricultural crime? This study uses primary household data collected in 818
households from rural Tanzania. Two dimensions of crime (dummy of crime
victimisation and crime frequency) were investigated. In estimation we used
double lasso regression; a double-selection lasso logistic model for victimi-
sation, and a double-selection lasso poisson model for crime frequency. We
also used propensity score matching (PSM) in measuring the effect of land
tenure and tenure security on agricultural crime. The results show that 35%
of households are victimized at least once in a year. We find that on average
crime results in a loss of 95.8 USD from agriculture per victimized household
per annum. Most crimes take place between April and August which is the
harvesting period in the study area, and 63% of crime events happen in the
fields. Furthermore, individual landowners have an 8–12% higher probabil-
ity of being victimized compared to family landowners. Similarly, individual
landowners are victimized more frequently than family landowners. In ad-
dition, land tenure security (land title) significantly reduces the probability
of crime victimisation and crime frequency. Promoting rural safety and less-
ening the bureaucratic process in the provision of certificates of customary
rights of occupancy (CCROs) in rural Tanzania are integral to reducing agri-
cultural crime events.

Keywords: Agricultural crime, agriculture, land tenure, land tenure security
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Positive grounds for agroforestry-based systems in Tunisia to
transform to more equitability and inclusiveness

ZIED IDOUDI1, AYMEN FRIJA1, VERONIQUE ALARY2,1, MOURAD REKIK1,
HATEM CHEIKH1

1International Center for Agricultural Research in the Dry Areas (ICARDA), Tunisia
2SELMET, CIRAD, INRAE, Institut Agro, Université Montpellier, France

Agroforestry-based food systems play a critical role in many dryland regions
of the word, including Tunisia. These farming systems offer a range of bene-
fits such as diversification of food and income resources for local communi-
ties, biodiversity conservation, and environmental resilience. Fig trees, olives,
carob, and honey are common features of these Mediterranean agroforestry
landscapes, and their produce is a traditional staple in many cuisines. In
Tunisia, fig trees are often grownalongside other crops, such as olives, andun-
der agroforestry-based farming systems that integrate crops and trees. How-
ever, in the particular case of Kesra region, in central Tunisia, where agrofores-
try-based farming systems prevail, there are many signs of degradation and
environment stress (resources scarcity, poor waste management, biodiversity
loss of figs and olives, decreased food resources for bees, declining health of
soil, decreased water availability and natural springs, etc.) including mar-
ket competition. While this system provides a diversity of food products, the
opportunity for valorisation outside the usual markets remains also low.
A multistakeholder platform (MSP) engaging the community members of
Kesra region around the above problems was set in 2022/2023. The MSP
was conceived on the co-building of a shared vision of the local systems over
the next decade that fits to the agroecological principles of synergies, eco-
nomic diversification, social value, and connectivity. Through the MSP, a
context-specific sociotechnical innovation bundle was co-designed and being
co-implemented as a mean to foster agroecology transformation around the
agroforestry-based farming systems in Tunisia. The study shows that an in-
clusive participatory approach involving food system actors for the co-design
of alternative agroforestry systems can lead to co-defining context specific
innovations and technologies which offer immense potential for promoting
food system transformation towards equity and inclusivity, and provide mul-
tiple benefits such as soil conservation, increased biodiversity, and improved
food security

Keywords: Agroforestry, collective action, food systems, innovation bundles,
multistakeholder platform, social inclusion
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A conceptual framework of living labs for people: Fostering
innovations for low-emissions food systems and social equity
RYAN NEHRING1, BIRGIT HABERMANN2, WEI ZHANG3, UPEKSHA HETTIARACHCHI3,
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1International Food Policy Research Institute, Natural Resources and Resilience Strate-
gies Unit, United States

2International Livestock Research Institute (ILRI), Sustainable Livestock Syst., Kenya
3International Food Policy Research Institute (IFPRI), United States
4International Food Policy Research Institute (IFPRI), Natural Resources and Resilience
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5The Alliance of Bioversity International and CIAT, Kenya
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Mexico

This paper provides the conceptual basis for what we call living labs for peo-
ple (LL4P). We define LL4P as an inclusive and diverse space for people to
envision, co-design, test, demonstrate and advance their socio-technical in-
novations and associated modes of governance within a facilitated organisa-
tional structure. Our specific aim with LL4P is to facilitate locally developed
innovations for low-emission food systems that address social equity in four
target countries: China, Colombia, Kenya and Vietnam. This conceptual pa-
per outlines a framework to guide activities in each of those four countries.
The LL4P draws on the living lab literature but tailors existing approaches
for food systems in developing countries. Four country teams, made up of
CGIAR researchers and national partners, adapt LL4P to the specific socio-
ecological and cultural context and in line with each country’s mitigation pol-
icy such as the nationally determined contribution (NDC). Therefore, while
this conceptual paper provides a rationale, framework and a set of guide-
lines, it will also incorporate distinct approaches and learnings from each of
the four target countries. The key components included within the LL4P con-
cept are scenarios, governance, facilitation, and a learning alliance to plan, en-
able, and enact innovation agenda setting for transformative change. Each of
the institutional components combine to address the following principles: 1)
gender and social inclusion; 2) the co-production of knowledge and technol-
ogy; 3) institutional stability; participatory governance; 4) common benefits
for participants and; 5) co-benefits contributing to the sustainable develop-
ment goals. The practical experience from applying this framework in the
four case studies will generate learnings about alternative pathways for other

Contact Address: Ryan Nehring, International Food Policy Research Institute, Natural Re-
sources and Resilience Strategies Unit, 1201 I street nw, 20005 Washington, United States,
e-mail: r.nehring@cgiar.org
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LL4P focused on low-emission food system development and social equity.
We understand that socio-ecological transitions, rooted in the food system,
need to be based on building alliances between development organisations,
governments and local stakeholders. By extension, innovations should not
be top-down interventions from a select few, but rather, the result of trans-
disciplinary and multi-sectoral collaboration agendas. The LL4P concept is
based on the process and platforms to achieve this common understanding
and joint work.

Keywords: Climate change, equity, food systems, innovation, living labs,
mitigation
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Operationalizing social equity in agricultural research
EVA THUIJSMAN, JENS ANDERSSON, KATRIEN DESCHEEMAEKER, KEN GILLER
Wageningen University and Research, Plant Production Syst. Group, The Netherlands

Studies that apply multi-indicator frameworks to assess the sustainability of
farming systems have tended to focus narrowly on production and the en-
vironment, neglecting the social dimension of sustainability. This study ad-
dresses this gap by examining the specific challenges involved in operational-
izing social equity in a large-scale research-for-development project that ap-
plied a comprehensive sustainability framework to assess impacts of farm-
ing technology interventions in northern Ghana. Our preliminary analysis
of project documentation and interviews with project staff revealed that so-
cial equity is conceptualised and operationalized via related concepts such
as farm household diversity, social differentiation, poverty reduction, gender
and inclusivity, which are sometimes used interchangeably. Practical entry
points to engage with social differentiation included farm household typolo-
gies and data disaggregation by farm type or gender. Typologies were re-
garded as an important tool to evaluate the fit between technology and in-
tended beneficiaries and to identify farm households to target in scaling ac-
tivities. Key challenges arose as farm household types could be dynamic,
difficult to identify in the field, and difficult to adopt by scaling partners. Fur-
thermore, the disciplinary backgrounds of project staff favoured quantitative
approaches to describe and compare farm types, but these did not necessarily
reveal the differentiating mechanisms that a technology might put in motion,
nor whether these were problematic or not. The right expertise distribution
and task division among staff are therefore crucial. We assessed the multi-
ple system boundaries within which equity was considered in the project,
and captured reflections on the conduciveness of integrating a social equity
perspective across-the-board or in distinct, focused research activities. The
insights generated throughout this learning trajectory of operationalizing so-
cial equity can provide guidance for future research-for-development projects
in their steps towards equity.
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Unpacking farmer diversity to support inclusive
climate-resilient agricultural practices

CARLA CRONAUER1, NAIMA LIPKA1, JULIA TOMALKA1,
CHIARA SOPHIA WEITUSCHAT1, ROOPAM SHUKLA2

1Potsdam Institute of Cimate Impact Research, RD2 - Cimate Resilience, Germany
2Indian Institute of Technology, Centre of Excellence in Disaster Mitigation and
Management, India

Across sub-Saharan Africa, smallholder farmers already face numerous risks to agri-
cultural production. With destructive cyclones and severe droughts, Madagascar has
been hit especially hard in recent years. Climate change is exacerbating existing vul-
nerabilities and is expected to disproportionately affect smallholder farmers, high-
lighting the need for climate adaptation in the agricultural sector. However, small-
holder responses to climate change are not uniform. The adoption of climate-resilient
agricultural practices is influenced by heterogeneous social, cultural, agronomic, eco-
nomic, and institutional conditions. Hence, homogeneous representations of small-
holder farmers can lead to further marginalisation and exacerbate existing vulnera-
bilities, in particular among women, elderly and illiterate people. In this study, we
seek to capture the diversity of farm households and understand the adoption of
climate-resilient agricultural practices, with particular attention to groups in vulner-
able situations. Typology construction provides an efficient method to understand
farm(ing) household diversity by delineating groups with common characteristics.
Furthermore, it is a useful tool to improve both up- and out-scaling of climate-resilient
agricultural practices. The proposed study will be based on household survey data
collected in Atsimo Atsinanana, Anosy and Androy in Madagascar in April and May
2023. In a first step, we conduct a literature review and establish a typology frame-
work, which we validate with local experts. In a second step, we use a statistical ty-
pology approach, a combination of principal component analysis for necessary data
reduction and a cluster analysis to delineate different farm household types. Further-
more, wewill use descriptive statistics to link the different farm household types to the
adoption of climate-resilient agricultural practices. In terms of the results, we expect
differences regarding asset ownership, gender and household composition, access to
credit and education, as well as other household characteristics, highlighting the need
for considering the nuances within farming communities to ensure inclusive adapta-
tion planning for climate-resilient food systems.

Keywords: Adaptation, climate change, diversity, farmer types, food systems, gender,
intersectionality, Madagascar, vulnerability
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Effect of COVID-19 on forest dependent households in
Kenya: Does access to forest resources act as a safety net?

ROBERT MBECHE1, JOSIAH ATEKA1, ULRIKE GROTE2

1Jomo Kenyatta University of Agriculture and Technology, Dept. of Agricultural and
Resource Economics, Kenya

2LeibnizUniversität Hannover, Institute for Environmental Economics andWorld Trade,
Germany

The disruption of COVID-19 on livelihoods globally has been undeniable,
especially among marginalised groups. While existing evidence from SSA
shows that forest communities are disproportionately affected by shocks, the
understanding on how theywere affected byCOVID-19 and their correspond-
ing coping strategies remains limited. We use a panel dataset of rural forest
dependent households obtained from two survey waves during 2018–2022
(746 households) inWestern Kenya to assess the effect of COVID-19 on liveli-
hood activities and resultant coping strategies. We then analysed the data
using descriptive and econometric techniques. Results show that COVID-19
negatively affected household livelihoods, including loss of wage employ-
ment for household members, decreased agricultural incomes, restricted ac-
cess to farm inputs and agricultural markets. Households experienced a de-
cline of household incomes from KES 104,305/annum in 2018/19 ($802) to
39,588 (US$ 304) representing a 37% drop. Key reactions of households in
the study area to COVID -19 shocks include; extracting forest food products
such as vegetables, honey andwild fruits, reducing household expenses, sub-
sistence agricultural production, taking up odd jobs, borrowing from relatives
and use of household savings. The proportion of households that extracted
forest products increased by 6% from 2018–2022. Our findings show that the
use of forest products helps poor households in cushioning against the effects
of COVID-19 shocks. Forest products collection aids consumption smoothing
while protecting asset depletion in the wake of covariate shocks. This makes
the availability of forest resources a critical safety net. These findings suggest
the importance of promoting sustainable resource extraction as a form of sus-
taining and cushioning households against future unforeseen occurrences.

Keywords: COVID-19, forest communities, Kenya, resilience, vulnerability

Contact Address: Robert Mbeche, Jomo Kenyatta University of Agriculture and Technology,
Dept. of Agricultural and Resource Economics, P.O Box 62000-00200 , Nairobi, Kenya, e-mail:
rmbeche@jkuat.ac.ke

650 ID 807



How to foster inclusive food systems? Approaches to assessing social… — Posters

The impact of weather calamities in (semi)sedentary
indigenous communities in the Philippines

GRETCHEN GONZAGA
University of Bonn, Center for Development Research (ZEF), Political and Cultural
Change, Germany

The SamaBadjao people practisedmobile boat-dwelling for hundreds of years
and traditionally crisscrossed the waters of Southeast Asia. They consid-
ered the reefs and the sea as their home. Since the late 1960s, their chal-
lenging conditions–tightening border controls, continuous armed conflicts,
gradual decline of fish, and restrictions on movement, led them to follow a
(semi)sedentary lifestyle. One of the largest sedentarized Sama Badjao com-
munities settled in the coastal area of Bato, Leyte, Philippines, where strong
weather disturbances threatened them. One case was when super-typhoon
Rai devastated the region on December 16, 2021. Rai was a category-five ty-
phoon that brought massive destruction to the central and southern Philip-
pines. This study aims to investigate how Sama Badjao experienced disas-
ters and recovery efforts after a typhoon calamity. Fieldwork was conducted
for ten months by utilising an ethnographic approach. Guided by the theory
of otherness, findings revealed that the Sama Badjao experienced structural
discrimination within the disaster recovery programme in the municipality.
Their lack of social articulation as well as representation in the public sphere
made it hard for them to demand or access whatever means of resources so
they can bounce back from the disaster. This augmented their existing po-
litical and social issues making them more vulnerable to the impacts of cli-
mate change. Therefore, I suggest policymakers and development practition-
ers acknowledge Sama Badjao’s right to self-determination by giving them
a platform for social articulation. They should always consider their culture
and include them in decision-making processes in designing policies and pro-
grammes for integration.

Keywords: Bajau, disaster recovery, indigenous peoples, Sama Dilaut,
subaltern
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Is deforestation hindering refugee integration? The case of
the Mantapala settlement in rural Zambia

BRIGITTE RUESINK, STEVEN GRONAU
Leibniz University Hannover, Institute for Environmental Economics andWorld Trade,
Germany

Refugee numbers are notably high in Africa and integration instead of repa-
triation is an increasingly popular approach. In order to ensure a successful
and sustainable integration, it is essential to investigate long-term effects of
refugees on the hosting area. As refugees usually arrive in large numbers,
there is high pressure on forest stocks in the host country. On the one hand,
space and materials are needed for housing in refugee settlements, and on
the other hand, refugees require firewood and charcoal for daily life. Al-
though literature on effects of refugees on their host environment is increas-
ing, agent-based models, which enable a simulation of future developments,
rarely focus on refugees’ effects on their host community. This study applies
an agent-based model to investigate the impact of refugees on deforestation
in their host area. In the model, host and refugee households interact with
each other, as well as the environment and this individual behaviour adds up
to deforestation on a bigger scale. The paper aims (1) to identify how refugee
settlements and host communities affect forest resources in developing coun-
tries, (2) to predict which settlement capacity is sustainable in the forest con-
text and (3) to analyse how labour cooperation and the corresponding expan-
sion of slash and burn agriculture affect the deforestation rate. The analysis
utilises a 2018 dataset from a refugee hosting area in rural Zambia including
277 households. Secondary data on forest composition, contact probability,
etc. complements the dataset. Preliminary results show the maximum sus-
tainable yield of forest resources, as well as an effect of labour cooperation on
slash and burn activities and the availability of these resources. The analysis
enables the derivation of policy recommendations on building refugee settle-
ments more sustainably in the future to counter deforestation and support
integration.

Keywords: Africa, agent-basedmodelling, deforestation, forestmanagement,
host society, refugees, rural development, sustainability, Zambia
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Violent conflict moderates food security impacts of
agricultural asset transfers in Syria: A heterogeneity analysis

using machine learning
DOROTHEE WEIFFEN, GHASSAN BALIKI, TILMAN BRÜCK

International Security and Development Center, Welfare program, Germany
Violent conflict is the main driver of food insecurity. Agricultural interven-
tions are one of the key policy tools to strengthen the food security of house-
holds living in conflict settings. Yet, evidence on whether and how house-
holds respond to agricultural aid in such complex settings remains scarce,
particularly given that violent conflict directly shapes how people make eco-
nomic choices and decision-making. More specifically, the role in which con-
flict shapes the food security impact of agricultural support remains broadly
unconfirmed. To address this knowledge gap, we analyse the short-term av-
erage and heterogeneous treatment effects of an agricultural asset transfer on
food security in conflict-affected Syria. Building on a quasi-experimental de-
sign which compares treatment and control households before and two years
after receiving support, we apply honest causal forest estimation to examine
how violent conflict moderates treatment heterogeneity. As expected, our
results show that agricultural asset transfers significantly improve food secu-
rity in the short-term. More interestingly, we find that the intensity of the
exposure to violent conflict is key in determining if and by how much house-
holds benefit from support. We find that households living in moderately-
affected conflict areas benefited significantly from the agricultural interven-
tion and improved their food security by 14%, while those living in severely-
affected conflict or peaceful areas did not benefit much. The positive effects at
the intermediate level of violence were particularly strong for female–headed
households. These findings underscore the complex and intricate role conflict
plays in determining how agricultural aid translates to stronger household
food security. Moreover, the results show that focusing only on studying
average impacts in conflict and volatile settings conceals specific nonlinear
variations in how households benefit from aid. At the policy level, moving
away from one-size-fits-all programmes and designing conflict-sensitive and
inclusive interventions ensure that no households are left behind.

Keywords: Agricultural intervention, asset transfers, food security, honest
causal forest, impact evaluation, machine learning, Syria, violent conflict
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Silent voices in the oil and gas development in Uganda’s
Albertine Graben

ESTELLINA NAMUTEBI1, JOOST DESSEIN1, MARIJNEN ESTHER2
1Ghent University, Agricultural Economics,
2Wageningen University and Research, Sociology of Development and Change,
The Netherlands

Oil and gas development has promoted the lives of the elite in Uganda. Most
of them seized land in the Albertine Graben to share in the economic gains
of shale oil and gas at the extent of the people at the grassroot. Those at
the grassroot are geographically the primary stakeholders in the oil and gas
resource whose voices have been silenced by the unjust situations they are
experiencing. They are the silent voices who have not been involved in the
whole process of oil and gas development, yet the resources have existed in
their ethnic region for ages. In addition to land grabbing, which has left most
host community members homeless, the few scattered patches of land are
infertile and not suitable for farming activities due to the decommissioning
activities which were haphazardly done. The future of the host communi-
ties looks bleak because the exploration activities upstream stage have per-
turbed the ecosystem services. Despite being primary stakeholders, they are
never involved in the decision-making of their ethnically natural resources.
The 2008 Petroleum Policy well stipulated how the primary stakeholders and
the environment will be protected, but the implementation and enforcement
are poor. Using the grounded theory the paper sought to find ways in which
host communities can build resilience using the perspective of environmental
justice by claiming their autonomy as primary stakeholders and making the
government accountable for its actions within the region. Consequently, the
findings discovered that the host community’s voice is not heard, for instance,
women’s voices are thwarted, yet they are the breadwinners of the commu-
nities of the Kibiro landing site in Hoima district. The men in this vicinity
can no longer do the fishing activities as in the past because they are forbid-
den to do so. Thus the need for capacity building in developing a community
resilience model using environmental justice.
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Shifting the paradigm on refugee-hosting landscapes:
From land degradation to land restoration and resilience
ANDREW ADAM-BRADFORD1, MARY NJENGA2, RUTH MENDUM3, SOLOMIE

GEBREZGABHER4, JAMES KINYUA GITAU5, DESTA WOLDETSADIK6

1Oxford Brookes University, Center for Development and Emergency Practice
(CENDEP), United Kingdom
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Agricultural Sciences, United States
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In sub-Saharan Africa, refugee hosting landscapes are located in fragile eco-
logical zones in arid and semi-arid areas. The low economic value and natural
resource base of these sites is one reason these locations are selected for devel-
opment into refugee camps and/or refugee settlements. The sites are charac-
terised by high levels of land degradation, deforestation and loss of biodiver-
sity due to invasive species infestations, such as Prosopis juliflora. Further-
more, if these sites are located in the vicinity of urban sites, towns and/or host
settlements then the local carrying capacitymay already be exceeded, placing
further pressures on local natural resources and development infrastructures.
Due to the combination of environmental factors, refugee hosting landscapes
are some of the most challenging to engage with across the humanitarian-
development nexus. Despite these complex challenges, there are still oppor-
tunities to shift the paradigm on refugee-hosting landscapes, moving from
the dominant ‘land degradation’ assumption to the realm of ‘land restoration’
and ‘resilience’, through the implementation of gender-sensitive nature-based
solutions (NbS). In the IWMI and ICRAF managed project ‘circular bioe-
conomy solutions for resilient refugee and host communities in East Africa’,
the NbS have incorporated a nexus around home gardens, agroforestry and
cooking energy, resulting in the development of a household circular bioe-
conomy model that builds food, nutrient and energy security. The regener-
ative activities that have been implemented at the household level include:
stove construction; briquette making; charcoal making; compost production;
livestock integration; greywater irrigation, home garden cultivation and tree

Contact Address: Andrew Adam-Bradford, Oxford Brookes University, Center for
Development and Emergency Practice (CENDEP), Oxford, United Kingdom, e-mail:
aadam-bradford@brookes.ac.uk
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planting. All these regenerative activities are not only crucial in restoring
landscapes but are instrumental in building climate change adaptation ca-
pacity. In this paper, findings, constraints and lessons are presented not only
from the IWMI and ICRAF managed circular bioeconomy project from four
refugee camps and settlements in Kenya and Uganda, but also NbS work is
presented from additional refugee hosting landscapes in Cameroon and Tan-
zania. The evidence-based findings from this work are applicable to other
fragile environments, particularly in the context of climate change adaptation
in arid and semi-arid areas.

Keywords: Adaptation, climate change, cooking energy, food, gender
inclusion
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Brewing a more equitable cup – game changers from
producers’ perspectives: Examples from Costa Rica, Tanzania,

and El Salvador
ANNELIE GÜTTE

Leibniz-Centre for Agricultural Landscape Research (ZALF), e.V., Germany
CostaRica is considered a country at the forefront of biodiversity conservation
and nature protection. Yet, in 2020 87,000 tons of green coffee have been pro-
duced in the country – a crop that has been highly criticised frommultiple per-
spectives: Its production has been linked to soil degradation and erosion, bio-
diversity losses, and water pollution, while common processing techniques
are resource-intensive. On top of that, coffee production has been shown to
be of low economic viability. Price volatility as well as climate impacts make
returns from coffee produce unpredictable. Food insecurity andmalnutrition
have been shown to occur frequently in coffee farming households around the
globe – also because of coffee farmers’ precarious position in the global cof-
fee value chain. How, then, can coffee production fit into a systemic strategy
to serve sustainable development? This contribution presents results from
field work activities and interviews conducted in El Salvador, Costa Rica, and
Tanzania. It discusses different pathways to transform coffee systems into
more equitable systems. It provides insights on what coffee farmers perceive
as game changers for their coffee businesses, how this changed the way they
are growing coffee and which obstacles remain. Pathways discussed include
a focus on Specialty Coffee market segments, gender policy initiatives, and
capacity building approaches. It is discussed how global power imbalances
shape efforts and outcomes of smallholder empowerment. Results suggest
that key obstacles to sustainable and equitable coffee production are not to
be found at farm level but in non-transparent producer-consumer markets,
impermeable value chain hierarchies biased towards importing countries as
well as restrictive tariffs and trade barriers. Carrying this to the extreme, true
empowerment of smallholder coffee growers might not only shift and trans-
form current trade relations towardsmore equitable exchange but might have
the power to disrupt the global coffee trade system depriving global players
of opportunities to profit maximisation – a fact that might explain why efforts
of poverty alleviation, food security and empowerment of smallholder coffee
growers are either progressing slowly, stagnating or even declining.
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Inequity, transformation and talking hope: Towards a new
discourse on climate change and sustainability

EVA-MARIA MCCORMACK, JENNY BISCHOFBERGER, GODFRED BONNAH NKANSAH
Talking Hope gUG, Germany

Although the climate agenda has been mainstreamed in recent years, dis-
courses on climate have not changed much in substance: Climate action con-
tinues to be represented as a battle against impending catastrophe, although
fear appeals affect change only to a limited degree. The emphasis in public,
political and media debates on the costs of climate action pits intra-societal,
intergenerational and international stakeholders against each other. The fo-
cus on technical solutions neglects the intersectoral and, especially, the social
justice dimensions of climate impacts and solutions. The failure to commu-
nicate the intersectoral benefits of climate action also undermines the ability
to pursue intersectoral solutions to intersectoral problems, with food systems
inequity being one prime example. Perhaps most importantly, the failure to
focus on alternative future scenarios which convey hope, self-efficacy and in-
clusiveness impedes public engagement for sustainability and, especially, the
equal participation of disadvantaged stakeholders in theGlobal South and the
Global North.  In light of these aspects, the current discourse on sustainability
is both counterproductive and inequitable: Its conceptual bias has social jus-
tice impacts which increase socio-political polarisation and marginalise dis-
advantaged stakeholders even further. This also hampers the wider buy-in
for sustainability solutions in national and international settings. Our paper
presents a new narrative on climate, which is framed along the principles of
social justice and highlights the social benefits of sustainability. Drawing on
psychological, sociological, communications and transformation research as
well as NGO experiences, we offer a vision of sustainability, which focuses
on the opportunity for a new social contract afforded by the need to address
climate change. We posit the need for narratives of hopeful, alternative fu-
ture scenarios to achieve sectoral and systemic change towards Net Zero, and
demonstrate that the food systems transformation lends itself well to this ap-
proach as it is an immediately human-centred issue. We argue that communi-
cations approaches which derive the need for climate action from a commit-
ment to social justice offer new potential to increase the social mandate for
sustainability. Since engagement is inspired by the view of a more equitable
tomorrow, this discursive shift also holds significant policy implications.
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Climate change and interaction with labour issues in
smallholder agriculture in sub-Saharan Africa
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KOFFI KIBALOU PALANGA4, RALF SCHLAUDERER5

1Mountains of the Moon University, Uganda
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4Kara University, Togo
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Farm households in sub-Saharan Africa (SSA) are increasingly affected by climate
change. While a lot of international research is concentrating on effect on yield lev-
els, the impact by reduced labour availability is less researched. The paper highlights
the aspect of changing labour availability and decreasing stability of farm households
in SSA. The research is done by a network of 5 partner universities in Uganda, Kenya,
Togo and Germany starting in 2022. In a first step a comprehensive literature research
was done. In a further step quantitative research will be established in 2023 in the
areas of the PUs. Most SSA countries incl. Kenya, Uganda and Togo are already expe-
riencing episodes of climate change of varying severity and duration. Climate variabil-
ity impacts on food security, labour productivity, employment, and labour mobility.
Labour migration results in farm labour scarcity through its effects on the viability of
economic activities such as farming and livestock development, destruction of road
infrastructures through floods and disruption of ecosystem functions. 75% of small-
holder farms in Kenya depended on household labour and also experience periodic
labour fluctuation. The reduced supply of labour increases exposure to climate-related
risks. The loss of farm labour due to migration cannot be balanced by hired labour.
The most direct and wide-spread impacts of climate change on the labour sector is
expected through heat-stress. It has reduced performance during working hours, ex-
cessive body temperature and dehydration has led to increased accidental injuries.
According to a Climate Vulnerable Forum report (2016), approximately 5% of hours
worked will be lost in 2030 especially in West Africa. Another direct impact of climate
variability are the incidences of malaria and other vector-and water-borne diseases
which in turn affects labour productivity in SSA. In the next steps the involved PUs
will collect data for better measuring and understanding the problem and to develop
strategies to cope with reduced labour availability.
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Factors influencing youth in family farming: A study from
southern India

MOHANAMANI PALANISAMY1, THANAMMAL RAVICHANDRAN2,
POONGODI BHUPATHY1

1Kumaraguru College of Technology, KCT Business School, India
2Kumaraguru Institute of Agriculture, India

By 2050, the world’s population is projected to reach 9 billion, with youth
(aged 15 to 24) making up roughly 14% of this total. In India, 68% (0.90 bil-
lion) of the population live in rural areas and 28% (0.35 billion) of the pop-
ulation is under the age of 24. According to World Bank research, by 2050,
half of the Indian population would live in cities and the proportion of em-
ployment in farming is predicted to decrease from 58.2% in 2001 to 25.7%
by 2050. On the one hand, agriculture is a crucial activity to fulfil the rising
food demand, while labour is in short supply. On the other hand, the youth
unemployment rate is rising. The fact that young people today are losing
interest and confidence in agriculture and allied activities is alarming. Two
fundamental challenges arise due to a lack of effort by policymakers and de-
velopment actors, including failure to map the competency profile of today’s
youth, engage them in discussions and consider their desires and aspirations
both of which have led to negative opinions of agriculture as a profession.
This study is aimed to explore the factors which influence youth in family
farming. The study followed a qualitative research method using a grounded
theory approach, as there was a dearth of information about the involvement
of youth in family farming. This studyhas defined youthwithin the age group
of 15 to 30 years due to their involvement in agriculture after their education,
especially in India. The data were collected from 60 farming families in Coim-
batore and Erode districts of Southern India, divided into two groups based
on youth involvement in their family farming or not. Data collectionwas done
on five dimensions including psychological, socio–cultural, technological, in-
frastructural, and economic contexts. The findings indicated that the aspira-
tions of youth in family farming vary depending on socio–economic factors,
environmental motivation, and innovative attitudes. The study compiled the
challenges and constraints faced by youth in family farming, which include
lack of access to technologies, financial resources, and social stigma.
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Is associativity the key? Unraveling power dynamics in rural
trading using an ‘intertwining approach’

MARCO DE LA CRUZ SANCHEZ1, DIANA SANTOS2, JOOST DESSEIN1
1Ghent University, Dept. of Agricultural Economics, Belgium
2ECLOSIO, Peru

In recent years, global efforts are increasingly trying to promotemore farmer-to-farmer
relationships on their road to transform imbalances in commercial exchanges and
bring more bargaining power to defend against unfair dealing. This process however
supposes that farmers have appropriate conditions to work and trade in organised
ways, i.e., in organisations, so that to allow efficient and fairer food trade and an effi-
cient supply chain in the long run. This is often reflected in development initiatives,
which tend to favour ’organised’mechanisms of associativity (e.g., committees among
farmers, etc.). We hypothesise that part of the limited reflection relates to the difficulty
to explore the hidden power play mechanisms and organisational dynamics happen-
ing between farmers. We reason that associativity in rural trading necessarily involves
institutional change and this can bring latent power structure to the fore that are better
reflected in the ‘intertwining approach’. In this sense, our study aims to understand
the power dynamics and structures of the rural organisations that engage in the com-
mercialisation of agroecological products inAija Province, Ancash region, Peru. These
organisations participated in the project Food Systems, Markets andWater (SAMA) of
ECLOSIO and its partners. The organisations have operated sharing information, gen-
erating new commerce ideas, and developing capacities to realise them. Yet, reports
suggest that they face challenges concerning organisational development issues and
fragile interactions. Through the lenses of the ’intertwining approach’, the research
will reconstruct the institutional evolution of the rural organisations built under the
initiatives of ECLOSIO. It will also apply a novel analytical model to provide a scheme
for framing and understanding the elements that have a dominant role in structur-
ing the organisational dynamics of commercialisation in Andean regions. Our case
study demonstrates that the local dynamics influenced organisational developments
and that their evolution exposed more complex mechanisms of power-play in farm-
ers’ interactions. We identify two power-play mechanisms that influenced farmers’
interactions in commercial practices: ‘manageability of the risks’ to aligning their eco-
nomic and social interests with those of the programs, and ‘learning by exposition’, as
a means to interpret economic transactions.

Keywords: Critical institutionalism, intertwining approach, Peru, power dynamics,
rural commerce, rural trading
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Local perspectives on nonmaterial values of nature,
biodiversity in rural communities in the Peruvian Amazon

GREMARY AZA1, OLIVER FRÖR2, JAN BÖRNER3
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Natural ecosystems provide a wide range of material and non-material benefits to hu-
man society. Despite the diversity of benefits, material benefits have been prioritised
in research and policy-making. The management of ecosystems has been guided by
political and economic decisions that directed attention toward the instrumental val-
ues of nature. In highly biodiverse ecosystems such as the Amazon Forest, there is lit-
tle information about nonmaterial benefits and cultural ecosystem services perceived
by local communities. There is a debate about whether biodiversity or forest cover is
related to the perception of non-material benefits. Quantitative analyses were drawn
from a dataset of 244 households living in different tropical rainforest cover levels in
Amazonian Peru. Linear model regressions were computed for non-material benefits
such as aesthetic, social relationships, recreational, identity, historical, kinship, and
spiritual benefits. The results suggest that higher levels of forest cover are not neces-
sarily related to the perception of non-material benefits. No differences were found by
comparing perceptions of non-material benefits among three areas with different for-
est cover levels. Furthermore, higher values attributed to non-material benefits were
explained by higher levels of forest cover only for recreation and historical benefits.
It is demonstrated that other landscape characteristics such as the presence of forests
and land area; socio-demographic and information factors are related to the percep-
tion and values attributed. The association of factors with perceptions and values
differs among non-material benefits categories. The results of this study provide a
guide about how local communities perceive the ecosystem and what non-material
benefits they consider important to their lives. In the context of Madre de Dios, where
forest ecosystems are threatened by high deforestation rates and migration patterns,
the loss of cultural values related to nature should be addressed and incorporated into
ecosystem management policies.

Keywords: Cultural ecosystem services, ecological economics, ecosystem services
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Realities of sustainability: Application of photovoice to
identify locally and culturally relevant sustainability criteria

of cocoa farmers in Ecuador
MORITZ EGGER, MICHAEL CURRAN

FiBL - Research Institute of Organic Agriculture, Austria

Sustainability concepts are contested and inherently normatively charged.
Given the high levels of complexity and uncertainty in sustainability studies,
it is necessary to transition towards a transdisciplinary approach to collabo-
ratively generate knowledge that is suitable for specific local and cultural cir-
cumstances. This study aims to explore the perspectives of cocoa farmers in
the coastal and Amazonian regions of Ecuador on their definition of sustain-
ability and the locally relevant criteria that must be met to achieve it. A total
of 20 female and 23 male farmers were provided with photo cameras, and
over a period of 4 weeks, they analysed the pictures taken within their group
to identify the elements that contribute to sustainability in their lives as cocoa
producers. The visual medium of photographs proved to be an effective way
to overcome social and language barriers, as participants were motivated by
the group setting to share and discuss the realities presented in the images,
whether they depicted their own experiences or those of their peers. In both
study regions, lists of approximately 40 sustainability criteria that are locally
relevant were compiled. The importance, development, and influential ac-
tors for each criterion were documented, and the images were categorised
according to the sustainability criteria they represented. The results indicate
that the environment in which farmers operate greatly shapes their views on
what is necessary for sustainable livelihoods. Thus, local perspectives should
be considered when developing strategies to enhance sustainability. The key
strength of this study was that the participants were responsible for selecting
the topics of interest through their photographs and discussions, while the
researchers merely facilitated the process.
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The importance of “collectivity” for transformative pastoral
food systems

FIONA FLINTAN, KELVIN SHIKUKU
International Livestock Research Insitute, Italy

More than ever before pastoral food systems of East Africa face pressures
to transform into more organised and productive food systems, contributing
more directly to national economies and national development plans. This is
whilst trying to deal with ongoing and new challenges including land tenure
insecurity, lack of rural infrastructure, services and markets, multiplying in-
vasive species and climate change. An important characteristic of well-func-
tioning pastoral systems is “collectivity.” That is, being well-connected to the
other members of the pastoral group, both socially and geographically allow-
ing sharing of resources and reciprocal exchanges that provide for spreading
risk across the group rather than that risk falling on the shoulders of individ-
uals. Empirical evidence from a recent survey of 1,983 households in Ethiopia
showed that households that received but also redistributed food aid through
their social network had a greater ability to cope with drought than those that
did not redistribute food aid. However, most development and humanitarian
interventions have focused their efforts on pastoral individuals or households,
and rarely targeted the group or the collective, for example through establish-
ing individual water storage tanks (in Ethiopia), individual livestock-based
insurance contracts (in Kenya and Ethiopia) or women’s individual land cer-
tificates (in Tanzania). Though these interventions may have assisted indi-
viduals in the short term, they are may have contributed to the individualism
and privatisation of resources and the breakdown of the collective as well as
reducing the long term “group” benefits for individual members. Develop-
ment and humanitarian organisations need to rethink their interventions in
pastoral areas and how they are implemented if pastoral food systems are
to transform into more organised and productive food systems. This requires
seeking out and developing those interventions that focus on and aim to build
the strength of the collective group. At the same time the measures to redis-
tribute wealth and support poorer and weaker members of the group need
to be strengthened. Examples of such approaches can be found in joint land
use planning and rangeland management approaches that seek to strengthen
the group and sharing of resources, whilst ensuring all members of the group
benefit.

Keywords: Collectivity, development, humanitarian, pastoralism
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Experiential learning and the power of women
THOMAS FALK1, LARA BARTELS2, BJÖRN VOLLAN3, IVO STEIMANIS3

1International Food Policy Research Institute (IFPRI), Natural Resources and Resilience
Strategies Unit, Germany

2ZEW – Leibniz Centre for European Economic Research, Germany
3University of Marburg, Sustainable Use of Natural Resources, Germany

An emerging body of research explores the use of experiential learning games as an
intervention to facilitate sustainable natural resource management. These games are
structured spaces where players can acquire knowledge by experiencing, reflecting,
and experimenting. Learning outcomes associatedwith games include improving sys-
tem understanding, enhancing problem-solving capacities, changes in social norms,
participatory institutional change, and strengthened collective action. While games
have become a more common intervention tool, measuring impacts on individual and
collective real-life behavioural change well after game sessions is still rare. We con-
ducted games with users of a local public good – a rainfed dam for irrigation – in
56 randomly selected villages in Madhya Pradesh, India. Additional 27 villages were
randomly drawn as control sites. These communities depend on rainfed dams for
complementary irrigation. Nonetheless, many dams in the study area are maintained
poorly and water usage is hardly coordinated undermining the effectiveness of the
irrigation system. While there are good examples of successful long-term interven-
tions to support communities, these are often very time and facilitation intensive and
consequently implemented with limited reach. We explore the potential of games as
a scalable, low-cost intervention to facilitate behavioural changes in sustainable wa-
ter management. We find a lasting direct treatment effect on actual dam maintenance
while there is no effect on the existence of dammanagement rules. In addition, we find
that the larger the share of women in the sessions, the more likely is maintenance tak-
ing place at a site two years after the intervention. Our study increased the confidence
that games can play a critical role in designing natural resource management inter-
ventions on a large scale. If kept simple, their clear structure can be easily learned by
civil society and government field workers. The low intervention costs and favourable
return on investment should be motivation to integrate such intervention in resource
related programs. The games can complement widespread more technical interven-
tions by supporting participatory behavioural change processes. Until December 2022,
implementing partners have applied the specific game tool in more than 1700 commu-
nities across different states of India.

Keywords: Games, India, social dilemma, social learning, water management
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The human dimensions of climate-related security risks in
rural settings: A social learning approach

LEONARDO MEDINA SANTA CRUZ1, MICHELLE CHEVELEV-BONATTI1,
IGNACIO MADURGA LÓPEZ2

1Leibniz Centre for Agricultural Landscape Research (ZALF), Sustainable Land Use in
Developing Countries, Germany

2The Alliance of Bioversity International and CIAT, Brazil

The linkages between climate change, human security and conflict have been the sub-
ject of considerable debate over the past decade. Main critical voices on the climate
security field frequently focus on the limits of structural approaches to understanding
causal pathways between climate and conflict, sampling biases during data collec-
tion, a minimal focus on micro-level insecurity, and the disregard of power relations
in bringing about structural sources of insecurity and vulnerability. The combination
of these research gaps has led to decontextualized constructions of system dynam-
ics, which often ignore local cultural realities and lived experiences of affected pop-
ulations. As a result, there is a limited understanding of what effective policy and
programmatic practices that address climate-related security risks entail. Strategies
have so far prioritised technocratic solutions and top-down governance arrangements.
This study draws from social learning theory to understand everyday experiences of
agriculture-dependent communities affected by climate impacts under a diversity of
security and conflict-related risks. It also intends to advise programmatic practices for
conflict-sensitive climate action. The methodology is based on participatory appraisal
methods to engage community voices in developing “climate security pathways” that
better relate to people´s everyday experience of the compounding risks brought about
by climate variability and human insecurity. Datawas gathered through dialogue pro-
cesses lasting four or five days across 13 locations in Kenya, Senegal, Zambia, Philip-
pines and Guatemala, with over 300 participants distributed equally among women
andmen. Preliminary results suggest that climate security programming is unlikely to
contribute to sustainable peacebuilding unless it conceptualises and targets the inter-
mediary factors making up climate-insecurity feedback loops, as understood by pop-
ulations affected by conflict. In this regard, interventions need to provide the space
for people to define and question the institutionalised practices and values acting as
either structural drivers of conflict or constraints to peace. Climate action needs to
account for development models that challenge structural and intersectional sources
of vulnerability, such as inequality, political exclusion, gender-based violence, and re-
source entitlements. Programmes also need to endorse positive ontologies of conflict
as productive mechanisms for societal transformations towards justice.

Keywords: Climate security, conflict transformation, environmental peacebuilding,
social learning
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Is community participation necessary for the success of
development programmes? Key lessons from Pakistan

AYAT ULLAH, MIROSLAVA BAVOROVÁ, GIRI PRASAD KANDEL
Czech University of Life Sciences, Prague, Fac. of Tropical AgriSciences, Dept. of
Economics and Development, Czech Republic

Active and effective participation of local communities in the planning and
implementation of projects is critical to achieving sustainable forest landscape
restoration. The objective of this study was to examine the activities under-
taken by the Forest Department to promote community participation in forest
landscape restoration and to identify the factors that influenced household
level of participation in the Billion Trees Afforestation Project (BTAP) in Pak-
istan. Data were collected from households through surveys and from forest
department officials through in-depth interviews, while descriptive statistics
and ordered logit model were used to analyse the data. The study found
that households with a high level of participation in BTAP received more
landscape restoration and livelihood benefits compared to communities with
medium and low level of participation. The results of the ordered logit model
show that households’ decisions to participate in the BTAP at a higher level
depend on education, awareness of BTAP participation policies and proce-
dures, and membership in community-based organisations (CBOs), while
political tensions and elite capture lead to low level participation decisions.
The results of the in-depth interviews show that the important factors that
prevented communitymembers fromparticipating at higher level in the BTAP
included nepotism, irregular rainfall, lack of knowledge and skills develop-
ment programs, unattractive land tenure policies, ineffective communication
networks, and delays in providing salaries to community members. We rec-
ommended that the government and other stakeholders need to understand
these factors that influenced households’ high level of participation in af-
forestation projects to improve the success of landscape restoration initiatives
and rural livelihoods.

Keywords: Billion trees afforestation project, forest landscape restoration,
participation of local communities, projects planning and implementation
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Games for social learning: Triggering collective changes in
commons management

THOMAS FALK1, WEI ZHANG2, RUTH MEINZEN-DICK2, RICHU SANIL3, PRATITI
PRIYADARSHINI3, ILKHOM SOLIEV4, LARA BARTELS5
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2International Food Policy Research Institute (IFPRI), United States
3Foundation for Ecological Security, India
4Martin Luther University Halle-Wittenberg, Germany
5ZEW – Leibniz Centre for European Economic Research, Germany

As resource users interact and impose externalities onto each other, institutions are
needed to coordinate resource use, create trust, and provide incentives for sustainable
management. Coordinated collective action can play a key role in enabling communi-
ties to manage natural resource commons more sustainably. But when such collective
action is not present, what can be done to foster it? And can this be done at scale? This
paper examines the potential to adapt behavioural games as a structured, replicable
approach to facilitate the emergence of sustainable commons management at scale.
In the past, researchers have used behavioural games to study cooperation patterns
of communities. Recently, games have been adapted as learning and stakeholder en-
gagement tools to improve management of the commons, strengthen self-regulation
of resource use and enhance constructive interaction of resource users. Combining
games with other interventions and tools and facilitated discussions has been pro-
posed as a promising approach to improve collective action institutions through expe-
riential learning. This paper aims to improve the understanding of how experiential
learning through games can contribute to behavioural change, potentially leading to
more sustainable commons management. We first develop a conceptual framework
for structuring the reflection on games as experiential learning interventions. We then
apply the framework to synthesize the lessons learned from applying three experien-
tial learning games to trigger behavioural change in India. This should help to iden-
tify the potential and strategies for scaling up the use of games for individual and
social learning in commons management. We conclude that games have potential as
intervention tools for sustainable resource management, but to achieve that potential,
careful attention to underlying behavioural assumptions in using games is urgently
needed in research, policy, and design of interventions.

Keywords: Behavioural change, facilitation tools, forest, india, sustainable natural
resource management, water
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Collaborative learning to encourage adoption of agroecology:
A participatory video-based farmer-to-farmer learning

process in Cambodia
LILIAN BECK1,2, CLAUDIA BIELING1, DELIA CATACUTAN2, ANNA HOFNY-COLLINS3,

SABINE DOUXCHAMPS4

1University of Hohenheim, Societal Transition and Agriculture, Germany
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3Swedish University of Agricultural Sciences, Sweden
4International Center for Tropical Agriculture (CIAT), Trop. Forages Program, Vietnam

Despite many claims of agroecological small-scale farming systems being a future
path to improve farmers’ livelihoods and secure a sustainable food supply, farmers are
only sometimes willing to apply these practices even though they have learned about
them. While many studies investigate socio-economic barriers to adoption, only very
few investigate socio-cultural barriers and those imposed by the mode of facilitating
learning. This highlights the need to evaluate how extension services are typically
organised and develop alternative learning approaches considering the socio-cultural
context. Therefore, discouraging reasons for applying agroecological practices with
a focus on agroforestry among farmers were investigated through an action research
process in the North of Cambodia and in-depth interviews with small-scale farmers.
By introducing an empowerment process in which comprehension is gained while re-
specting farmers’ perceptions, this study shed light on the divergent world views and
negotiation processes farmers consider when making management decisions as well
as the barriers imposed by the way farmers’ learning is facilitated. This study identi-
fied and contributed to three separate but related thematic fields. First, it explored the
negotiation processes between different cosmological concepts when farmers decide
to apply agroecological practices. Second, it investigated the evaluation by farmers
regarding socio-economic, ecological, and technical feasibility and desirability of the
technology. Thirdly, it studies the influence of the relationship between farmers and
local extension actors in the context of co-creation of knowledge about agroecological
methods. It explains thereby how these aspects are influenced by the mode in which
learning is facilitated. Based on these insights, an alternative extension approach has
been developed, facilitated, and evaluated to overcome the identified barriers to facil-
itating successful learning among farmers. The proposed alternative is a collaborative
learning approach combining farmer-to-farmer teaching and participatory videogra-
phy.

Keywords: Action research, adoption barriers, agricultural extension, agroecology,
Cambodia, collaborative learning, farmer adoption, farmer-to-farmer, innovations,
participatory video, transdisciplinary research
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Collective action and social learning in integrated resource
systems: Evidence from inland fisheries in Cambodia

PIA GLEICH1, CARLA BALDIVIESO1, SANJIV DE SILVA2,
MICHELLE CHEVELEV-BONATTI3

1Humboldt Universität zu Berlin, Thaer-Institute of Agricultural andHorticultural Sci.,
Germany

2International Water Management Institute, Sri Lanka
3Leibniz Centre for Agricultural Landscape Research (ZALF), Sustainable Land Use in
Developing Countries, Germany

In rural Cambodia, inland freshwater and rice field fisheries are key sources
of income, animal protein, and other important ecosystem services in the area.
Community FishRefuges (CFRs)which are conservation areas in community-
owned fish ponds, seem to be a promising path to not only sustain fish stocks,
aquatic biodiversity and securewater for agriculture and husbandry but to si-
multaneously strengthen collective management. However, not all processes
that are successful in ecological terms perform equallywell in social terms. To
explore how CFRs can promote social and ecological change, we investigated
two CFRs that were established in 2016 by local and international NGOs, as
well as authorities of the Kampong Thom Province. Our aim is to identify the
extent to which those CFR projects support the formation of collective man-
agement and facilitate social learning processes. To do so, a qualitative case
study was conducted from March to May 2023 in two CFR locations in the
Kampong Thom Province of Cambodia. The cases show similar ecological
features but show different results in management terms according to the lo-
cal implementingNGO. Semi-structured interviews (n=103)were conducted
with different local actors connected to the resource. Noting that CFR man-
agement is vested in a few elite actors with very limited active participation
and agency of other resource users, we conclude that possibilities for collec-
tive action and social learning are limited. Power centralisation, surveillance
and remains of historical patron-client relationships contribute to configura-
tions inwhich village and resourcemanagement aremarked by strong vertical
structures of authority.

Keywords: Cambodia, collective action, qualitative research, social learning
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Mapping knowledge for managing aquatic food systems:
The case of community fish refuges in Cambodia
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Mapping complex knowledge systems allows us to support initiatives that
contribute to collective action around sustainable food systems. In Cambo-
dia, aquatic food systems are embedded in the rice paddy landscape; thus,
rice-field fisheries play a significant role. Community Fish Refuges (CFRs),
are natural or human-made ponds that hold water throughout the year and
provide a dry season sanctuary for fish. However, CFRs are not only con-
tributing to the maintenance of fish stocks but are an integrated agricultural
system that provides water for animals and household consumption and sup-
ports aquatic biodiversity. For our research, we selected four cases from the
CFR project conducted by WorldFish - Cambodia in the period 2016 – 2021
in the Kampong Thom Province. These cases were identified by the local
NGO team as successful project implementers. We applied causal loop di-
agrams (CLD) as a participatory tool through focus groups discussion with
representatives of rural villages. Our aimwas to make explicit the knowledge
systems and processes related to this particular aquatic food system, deriv-
ing insights about its role in the CFRs management. The methodological ap-
proach is based on three phases: a) exploratory studies, b) casual loops work-
shops b) workshops of data validation, conducted between June-December,
2022. We identified the effectiveness of CLDs for visualizing knowledge sys-
tems and resource management. We observed that the participants have a
bricoloured knowledge, rooted on generationally transmitted traditions but
greatly influenced by external actors. We visualized that their knowledge sys-
tems are based on the daily practice of the use of CFRs and formal processes
of training. However, such formal knowledge is linked to local groups with
greater access to power ties and; therefore, larger facilities to be part of rural
extension processes. In turn, the knowledge exchange processes with other
villagers are seen from an informative and top-down approach. These local
power groups execute appropriate actions for the ecological sustainability of

Contact Address: Carla Baldivieso, Humboldt-Universität zu Berlin, Thaer-Institute of
Agricultural and Horticultural Sci., Oranienstrasse 116, 10969 Berlin, Germany, e-mail:
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the project. However, CFRs could benefit from processes in which there is a
dialogue with a greater plurality of voices. These dialogical processes within
the village do not appear to be locally available; this, could be linked to ex-
isting social differentiation structures and cultures of power. Therefore, our
discussion ties together local learning, power structures and cultures, and the
role of externals.

Keywords: Aquatic food systems, Cambodia, causal loop diagrams
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Spatially explicit representation of climate-smart agriculture
in Ghana: A participatory scenario process
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Africa is the continent with the lowest total and per capita greenhouse gas
(GHG) emissions. Nevertheless, to meet global emission reduction targets,
scenarios indicate that mitigation measures will be needed also in low- and
middle-income countries. In Ghana, agriculture is one of the main drivers of
land-use change and contributes to the emission of greenhouse gases. Against
this backdrop, climate-smart agriculture (CSA) and forestry (CSF) is widely
promoted as an approach to reorient rural development under conditions
of global change. The concept incorporates climate change mitigation prac-
tices in the agriculture, forestry and other land use sectors (AFOLU) that ad-
dress the need to achieve food security and other development goals (e.g.,
enhanced resilience), but in a way that also minimises GHG emissions. Op-
erationalisation of these promisingmeasures is still lacking and potential syn-
ergies and trade-offs are often not considered in current national-scale assess-
ments. Therefore, decision support tools are needed to help in understanding
the status quo, as well as to prioritise and thus implement appropriatemitiga-
tion options. In this contribution, we present the method and first results of
the participatory scenario development process that we conduct as part of the
BMBF-funded project GreenGaDe in Ghana. Our objectives are (1) to analyse
the feasibility and societal acceptance of various low-emission agriculture and
forestry practices, as well as (2) to identify their potential locations and spa-
tial extent at the national level. Scenario assumptions are based on the results
from a participatory stakeholder process (interviews and local workshops)
in combination with desktop analyses. In the first step, we develop storylines
(qualitative scenarios) that integrate stakeholder knowledge about CSA and
CSFwith global boundary conditions derived from the shared socioeconomic
pathways (SSPs). In the second step, we translate these qualitative scenarios
into quantitative scenarios (e.g., GIS maps and emission inventories) using

Contact Address: Roman Hinz, University of Kassel, Kassel Institute for Sustainability, Cen-
ter for Environmental Systems Research (CESR), Wilhelmshöher Allee 47, 34117 Kassel, Ger-
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spatial simulation models for calculating land-use changes and environmen-
tal impacts (e.g., agricultural expansion, GHG emissions). Our results may
help to identify feasible climate mitigation potentials in the AFOLU sector in
Ghana as a prerequisite to define national climate policies and to accelerate
adequate economic investments to support CSA and CSF measures.

Keywords: Climate change, climate-smart agriculture and forestry, mitiga-
tion
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Using video technology as an agricultural extension tool: A
case study on climate smart agriculture in Uganda

JAMES BILLY KASULE, CHRISTINE BOSCH
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-
Institute), Germany

Videos can be used successfully in agricultural extension, particularly in reaching
marginalised, resource-poor farmers mobilised in groups, particularly women, youth,
and those with little prior knowledge of new practices and technologies. While there
is a renewed interest in videos, there is a knowledge gap concerning farmers’ per-
ception of such videos, especially of female farmers. The study aimed to understand
how farmers in Uganda perceive video technology as an agricultural extension tool
for Climate Smart Agriculture (CSA) practices and assess the extension agents’ per-
ception of using videos in extension services. The qualitative data collected resulted
from the BMZ-funded project Reaching Smallholder Women Farmers with Informa-
tion Services and Resilience Strategies to Respond to Climate Changeïn four districts
in the Central Region of Uganda. The study comprised 1443 female and 770 male
smallholder farmers who watched videos demonstrating soil and water management,
integrated pest management, poultry and piggery management CSA practices, and 49
extension agents who were trained on the project’s concept. From this study popula-
tion, 111 female and 70 male smallholder farmers who watched videos demonstrating
Climate Smart Agriculture (CSA) practices were chosen randomly to participate in
the FGDs, and 6 extension agents were interviewed using semi-structured question-
naires. The study findings revealed that smallholder women farmers found it motivat-
ing and easy to learn about CSA practices through videos and related discussionswith
extension agents. Extension agents perceived that CSA video technology could com-
plement other existing extension approaches. On the other hand, the main challenges
included unwillingness to invest in short agricultural videos, inadequate video infras-
tructure in rural areas, and technical know-how on using videos among farmers and
extension agents. To complement extension services, the study recommends investing
more in creating and disseminating agricultural videos by the relevant stakeholders
in Uganda’s agricultural sector. Additional investments could include enhancing the
quality of agricultural video production and messages, constructing video infrastruc-
ture in rural sub-counties, and enhancing the capacity of extension agents who use
agricultural video technologies.

Keywords: Agricultural extension, climate-smart agriculture practices, female
farmers, Uganda, videos
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Empowering smallholder farmers in climate field schools:
Farmer led-research

LENA WINTER1, DANIEL LESMANA2, NARIMEH PAEPLOW1, TANDU RAMBA3,
KUSTIWA ADINATA4, SILKE STÖBER1

1Humboldt-Universität zu Berlin, Centre for Rural Development, Germany
2Hasanuddin University, Indonesia
3Motivator Kondoran, Adaptation and Mitigation of Climate Change, Indonesia
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Farmers are local experts of their socio-ecological systems. With their knowledge and
skills on land, plant and local weather, farmers are responsible actors in the food sys-
tem at local and global scale. Climatic changes caused by global warming happen so
rapidly that they outrun farmers´ ability to adapt to them. Tropical Indonesia, with
its thousands of islands is not only vulnerable to sea level rise, but also faces rising
temperatures, unpredictable and erratic rainfall patterns leading to extreme events,
floods, droughts, strong winds and landslides. The risk perception paradox that il-
lustrates the gap between perception of the impacts of climate change and the capac-
ity to act or adapt, can be moderated by farmer-led adaptation research. Ten years
ago, Climate Field Schools (CFS) were established in Indonesia allowing a space for
bottom-up learning between farmers and scientists on agrometeorological learning
and climate-resilient practices. In the “school without borders” everyone is regarded
as a co-researcher and knowledge is co-created.
The aim of the study is to document the impact of CFS to transforming local food sys-
tems from the perspective of local smallholder farmers in Pangandaran, West Java and
Tana Toraja, South Sulawesi. Farmers of the two food regionswere engaged in a partic-
ipatory action research that employs filmmaking and photography with subsequent
semi-structured interviewswith groups and individuals. The extent to which changes
in rice and chili cultivation practices and increased awareness of climate change lead to
changes in collaborative and social systems was investigated. How far CFS influenced
farmers´ adaptive capacities was another analysed aspect. The visuals and associated
stories form a basis for reaching out to decision- and policy-makers. The study illus-
trates what impacts on local food systems emerge from the analysis of the collected
materials. One of the findings is that farmers perceive CFS as an empowerment pro-
cess since they have increased their problem-solving skills and experienced symmetric
communication at eye level with other actors.

Keywords: Adaptation, climate field schools, co-research, Indonesia, participatory
research
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Discovering Sri Lankan expert mangrove stakeholder views
and attitudes toward mangrove management using

Q methodology
THANNE WALAWWE GEDERA FATHIMA MAFAZIYA NIJAMDEEN1, HAJANIAINA A.
RATSIMBAZAFY2,1, KODIKARA ARACHCHILAGE SUNANDA KODIKARA3, ASHARA

NIJAMDEEN4, THAHIRA THAJUDEEN5, SOFIA PERUZZO1, MAHESHWARAN
GOVENDER1, FARID DAHDOUH-GUEBAS1, JEAN HUGÉ6,1
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Effective decision-making is essential for successful conservation and man-
agement of natural resources, including mangrove ecosystems, which offer
a variety of goods and services and are managed by different stakeholders.
However, mangrove conservation and management in Sri Lanka face unique
challenges due to their location in the land-sea interface and the rapid coastal
development observed in the Global South. Unfortunately, mangroves in Sri
Lanka are currently degrading due to a combination of natural and human-
induced factors, further exacerbated by the economic crisis resulting from
the COVID-19 pandemic. Despite formal government regulations that pro-
hibit access to these areas, coastal communities in Sri Lanka still heavily rely
on mangrove goods and services for their livelihoods. To promote effective
decision-making and facilitatemangrove conservation in Sri Lanka, this study
aimed to explore the viewpoints ofmangrovemanagement experts. The study
employed Q methodology and involved 71 mangrove experts from 21 stake-
holder groups, who were asked to rank statements on mangrove manage-
ment. The experts’ rankings were subsequently analysed and clustered, lead-
ing to the identification of three discourses on mangrove management: com-
munity-oriented management, government-oriented management, andman-
agement in synergy between the government and communities. Based on
the findings, the study recommends co-management of mangroves by the
government and local communities to ensure environmental sustainability
not just in Sri Lanka but also beyond. The study highlights the importance
of participatory management, social-ecological systems, environmental gov-
ernance, Q methodology, and coastal management in mangrove conserva-

Contact Address: Ashara Nijamdeen, University of Bonn, Fac. of Agriculture, Bonn, Germany,
e-mail: s7fathen@uni-bonn.de
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tion and management. By gaining insights into the different viewpoints of
mangrovemanagement experts, the study provides baseline data for effective
decision-making and serves as a valuable resource for policymakers, stake-
holders, and researchers interested in promotingmangrove conservation and
management.

Keywords: Coastal administration, ecological systems, environmental ad-
ministration, participative governance, Q- methodology, society interdepen-
dence
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The underlying causes of deforestation during “peacetime”:
Evidence from the implementation of the peace agreement in

Colombia
NATALIA TRIANA-ANGEL1, ANA MILAGROS PIRELA RÍOS2, JOHN JAIRO JUNCA

PAREDES1, STEFAN BURKART1
1The Alliance of Bioversity International and CIAT, Trop. Forages Program, Colombia
2Universidad EAFIT, School of Finance, Economics and Government, Colombia

The acceleration of deforestation is one of the unexpected consequences of the
signing of the Peace Agreement between the Colombian government and the
FARC-EP guerrilla in 2016. In recent years, deforested areas have increased in
territories previously occupied by guerrilla and paramilitary groups, while il-
licit crops have expanded, and the violence perpetrated by other illegal armed
groups has intensified. This research seeks to understand the relationship
between the implementation of the Peace Agreement and deforestation in
Colombia, mainly through a quantitative approach. Satellite data on tree
cover, land cover, and coca cultivation, were combined with data on vio-
lence rates to understand the factors behind increasing deforestation in ter-
ritories affected by conflict. These results were put in relation with the Final
Report of the Colombian Truth Commission, which further elaborates on the
reasons why peace and stabilisation remain elusive in Colombia, even after
FARC-EP demobilisation. Impoverished territories historically neglected by
the Colombian state, nuclei of confrontation and instability, are still suffering
the ambivalences of war and the struggle over natural resources, mostly due
the delays in the implementation of the Agreement. We found a positive re-
lationship between the presence of illegal armed actors, coca cultivation, and
deforestation in the areas most strongly affected by conflict, all during the
implementation stage of the Peace Agreement between 2016 and 2019. The
results indicate that, for these municipalities, armed conflict did not end in
2016, but rather transformed into a violent, tangible struggle with other pro-
tagonists, challenges, and disputes over land tenure and land use.

Keywords: Conflict, deforestation, illicit crops, insurgency, peace building,
violence
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Game farming as sustainable livelihoods and biodiversity
conservation strategy in Okavango rural communities in

Botswana
OLUWATOYIN KOLAWOLE

University of Botswana, Okavango Research Institute, Botswana
The push for environmental stewardship and justice continues to find rele-
vance in debates on the relevance and importance of local-level participation
in natural resource governance. Rural communities situated within wildlife
management areas (WMAs) could play vital roles in enhancing sustainable
environmental conservation if utmost consideration is given to their indige-
nous ecological knowledge and livelihoodswithin the context of a holistic nat-
ural resource conservation. This paper addresses game farming as a strategy
for achieving both sustainable livelihoods for local communities and environ-
mental conservation. Rooted in the Ostrom’s socio-ecological framework, the
analysis focuses on the need to create opportunities for local farmers to di-
versity their livelihoods from core farming to a combination of both farming
and game rearingwithin the context of climate change in an arid environment
where mainstream farming may prove daunting due to the prevalent harsh
climatic conditions that often jeopardise traditional, peasant agriculture. Un-
derstandably, the reactionary attitudes of indigent local communities to cen-
tralised conservation approaches continues to lead to massive failure in con-
servation objectives in developing economies. The urge to minimise human
wildlife conflicts and enhance local people’s sense of place and ownership of
resources, therefore, are veritable avenues for enhancing individuals’ drive
towards environmental stewardship and sustainable rural entrepreneurship
development. The recent introduction of certain guidelines by the Botswana’s
Department of Wildlife and National Parks (DWNP) on how to help small
farmers acquire ownership of game andmanage them on their farms is, there-
fore, a step forward in achieving biodiversity conservation goals. The paper
thus employs critical analyses to provide a road map for driving natural re-
source conservation and sustainable rural livelihoods in the Okavango Delta,
Botswana.

Keywords: Botswana, entrepreneurship development, environmental stew-
ardship, game farming, natural resource conservation, Okavango Delta, rural
communities, small farmers
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Using photovoice as an M&E tool: Evidence of change from
smallholder livestock producers’ perspective in Vietnam

TU MAI1, MARY ATIENO2
1International Livestock Research Center (ILRI), Vietnam
2International Center for Tropical Agriculture (CIAT), Trop. Forages Program, Vietnam

Photovoice, or storytelling through photos, is a participatory method which
uses photography to enhance dialogues and discussions. Community mem-
bers are given cameras to take photos of concerned topics. Under the CGIAR
research program on livestock in Vietnam – “Livestock-led interventions to-
wards equitable livelihoods and improved environment in the North-West
Highlands of Vietnam (Li-chăn)”, photovoicewas used as a community-based
monitoring and evaluation (M&E) tool with Thai and Hmong farmers, in
Son La province, Vietnam. In Li-chan’s photovoice study, 20 user-friendly
cameras were given to 18 farmers and 2 commune veterinarians, to document
livestock-related issues, identify how they traditionally raise livestock and ev-
idence of change from project interventions around animal genetics, animal
health & biosecurity, feeds and forages, environmental impacts, improved
market linkages and collective action. The photovoice results gave insights on
the effectiveness of promoted interventions, bottlenecks and opportunities to
accelerate scaling. The study outputs showed evidence that farmers and vet-
erinarians improved their knowledge on animal husbandry, including breed-
ing, artificial insemination, biosecurity, farmmanagement, improved forages,
animal nutrition, feed preservation, erosion control, biomass recycling and
benefits of collective action. Livestock-led innovations were adopted by farm-
ers and reached policy makers at different levels. Photovoice was proved to
be a suitable participatory method with the ethnic minority communities in
Vietnam as it helped to overcome language barriers and stimulated active dis-
cussions amongst farmers. When working with ethnic minorities, photovoice
methodology enables researchers and community members to become co-
researchers and co-learners through equitably sharing of knowledge and ex-
periences. In M&E of an integrated livestock development project, it can help
to provide evidence of best-fit interventions in forms of photo and stories.
It also helps to trigger wider adoption among community farmers and even
further through reaching and influencing programme and policy makers.

Keywords: Community-based monitoring and evaluation, integrated live-
stock development, photovoice
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Sustainable use and conservation of wild food plants through
indigenous wisdom

NISHANTH GURAV1, MOHAMED ABDUL KAREEM2, ZBYNEK POLESNY1
1Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Czech Republic
2The University of Trans-Disciplinary Health Sciences and Technology, Centre for Con-
servation of Natural Resources (CCNR), India

Globally, biodiversity loss is one of the most pressing environmental issues.
Tribal communities in the Bastar region of Chhattisgarh, India, such as the
Gond are known to be well-versed in their local biodiversity and practice
sustainable harvesting. This knowledge however is disappearing at a rapid
pace due to urbanisation. This study aims at documenting traditional plant
use management that can be used in local conservation strategies. A mixed-
methods approach was applied involving visits to randomly selected villages
and conducting focus group discussions to understand the perspective of the
community. Followed by this, semi-structured interviews of 50 randomly se-
lected (25 men and 25 women) locals were conducted.
The preliminary results show that the locals use 100 wild edible plants which
include leafy vegetables, tubers, fruits, and flowers. As part of the ethnob-
otanical documentation data recorded included local names and uses, parts
used, and harvesting techniques. The results show that local communities
apply species-specific sustainable harvesting practices and various methods
of preparation of tuberous plants (17 species) and that the medicinal-food re-
lation in plant use is a common aspect. The study also found that local com-
munities preserved certain forest patches called sacred groves leaving them
undisturbed for hundreds of years. Identification and botanical documenta-
tion of 50 sacred groves showed that the community-managed sacred groves
had strict prohibitions on the use of plants especially trees inside the sacred
groves. The results from the interviews and observation show there is a clear
presence of biodiversity conservation practices with 80% of the respondents
agreeing to practice sustainable harvesting practices.

Keywords: Ethnobotany, sacred forests, sacred groves, sustainable harvest-
ing, wild edible plants
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Highlighting project impact: The underestimated power of
personal stories

EVA GOLDMANN, AKANKSHA SINGH
Research Inst. of Organic Agriculture (FiBL), International Cooperation, Switzerland

Measuring the impact of project interventions becomes amore andmore com-
mon request from donor organisations. In the quest for measurable impact
and the aim to assess project interventions, the scientific community com-
monly uses surveys. Indeed, well-planned surveys and interviews are crucial
for quantifiable tools such as impact evaluation, which aims to establish a
causal relationship between the project intervention and its impact on peo-
ple’s lives. However, these tools are highly demanding in costs and scien-
tific conceptualisation, usually exceeding the project’s scope. Often a false
compromise is made, leading to extensive survey data, which lacks compara-
bility across surveyed groups, causal connection with interventions, or base-
line data. When such anonymous quantitative data lacks rigid scientific vali-
dation it tells us very little about the lives of the interviewed people. Con-
clusions from such data make it hard for us to understand the realities of
people involved in the project and how the track of their lives might have
changed through exposure to project interventions. We have tried out a dia-
metrically different approach within the system comparison trial in the trop-
ics (SysCom) in India. The project works with farmers and a team of national
and international researchers on organic cotton. For the series “Faces of Or-
ganic Cotton”, we have talked to eleven people involved at some level within
the project, including farmers, researchers, cotton processors, and school chil-
dren. The conversations followed general questions and were guided by cu-
riosity to understand more of the interviewee’s life beyond the project. The
result was 11 highly personal stories, where the project and its effect are only
one facets of people’s lives. We have considered the inherent challenges of
such an approach: translation, bias to over-positivity, and white saviorism.
The stories were written in first person, attempting to represent their own sto-
ries in their ownwords as accurately as possible. The text was complemented
by high-quality photographs and published on social media, websites, and
a booklet. The reactions and feedback were very positive, allowing donors,
companies, and consumers alike to understand better the impact of organic
cotton in the region where it’s grown.

Keywords: Cotton, impact, India, organic, participatory research, story telling
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Production of training materials – “research guides”- for
international agricultural research, training and

communication
RAINER ZACHMANN

Ex-CGIAR (CIP, IITA), Germany
The “Father of the Green Revolution”, Norman Borlaug, once expressed that
the Green Revolutionwould not have been possible without training. A train-
ing study, commissioned by the Science Council of the CGIAR, and concluded
in 2006, confirmed that “Training is regarded as an indispensable element of
Centers’ research, …” with the aim of strengthening the institutional capac-
ity of national agricultural research systems (NARS) to undertake collabora-
tive scientific research. Through experience at the International Potato Cen-
ter (CIP), Lima, Perú, the need for training materials became evident. Thus,
CIP’s training program guided scientists through the production of 25 tech-
nical information bulletins (TIBs) in English and Spanish. An introductory
statement explains: “CIP’s technical information bulletins (TIBs) contain in-
formation for potato production, training and research. Although directed at
an intermediate professional level, the information can be adapted for com-
munication with farmers.” To encourage adaptation, CIP placed emphasis
on simple language and presentation, while maintaining scientific precision.
Therefore, the instructional design considered specific criteria with respect
to structure, format, writing and editing. Each TIB included an evaluation
sheet, addressed to CIP, for continued adjustment in content and presenta-
tion. In effect, the TIBs were used in newspaper advice for farmers, and - par-
tially - translated into French, Arabic, Bengali, Chinese, Farsi, Greek, Hindi,
Urdu … as far as it became known. Additionally, CIP authorised the Editorial
Agropecuaria Hemisferio Sur, Uruguay, to reproduce and commercialise the
TIBs in South America, Mexico and Spain. With the experience from CIP, the
International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, initi-
ated the production of - eventually 70 - now named “IITA Research Guides
(IRGs)” in English and French. Subjects include crop production, social sci-
ences, plant pathology, entomology, (research) farm management,… Further
translations and adaptations have not been known so far, however training
and workshops resulted in the production of similar training materials by
NARS institutions in Ghana, Côte d’Ivoire and Zambia.

Keywords: CGIAR, training, training materials
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Austrian African University Network - Strengthening
community-based research for river health and climate

change mitigation in Eastern Africa
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4Kyambogo University, Dept. of Biological Sciences, Uganda
Most urban areas in Sub-Saharan Africa depend on sustainable and resilient use of
freshwater ecosystems, especially for their drinking water supply. However, the wa-
ter quality of these ecosystems is often jeopardized by pollution from industry and
agriculture, as well as the critically increasing effects of climate change. Water qual-
ity monitoring in Uganda is limited to physical and chemical indicators so far, which
are considered short-term and highly inconstant drivers. Sustainable management
of freshwater resources is challenging as it requires a holistic socio-ecological under-
standing of (1) the environment and (2) human interactions to enable the best inclu-
sive decisions for mitigation and restoration measures. Our project focuses on one of
Uganda’smain River (Kafu) catchments aroundKampala. The implementedmultiple
lines of evidence method identified agriculture, industry, urbanization, and climate
change as the most critical drivers of freshwater and ecosystem degradation. Multi-
ple lines of evidence have been drawn from international and local publications, ex-
pert judgment, community knowledge, and abiotic and biotic (benthic invertebrates)
field data. A trans- and interdisciplinary cause-effect model, finalized in a participa-
tory approach, allowed the transfer and facilitating of complex scientific results in a
“Driver-Pressure-Status-Impact-Response” framework to a broader public. The key
lesson learned, to respect aquatic ecosystems and their function of resilience, under-
lined the community-engaged and scientific relevance to identifying the best andmost
sustainable socio-ecological training programs and locally adapted recommendations
to politicians, stakeholders, and decision-makers.

Keywords: Cause-effect models, community-based methods, freshwater ecosystems,
multiple-lines of evidence, water quality, Uganda
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Cultural knowledge in child complementary feeding in
agropastoral settings of northern Benin

KOUÉTÉ PAUL JIMMY1, ANGE HONORAT EDJA1, BRIGITTE KAUFMANN2
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The BeninDemographic andHealth Survey recently revealed that 32% of children un-
der five are malnourished. Local nutrition practices and knowledge are increasingly
seen as reliable solutions to the problem of malnutrition. However, little is known
about the extent to which child nutrition is related to the interaction of local and ex-
ternal nutrition environments, as well as related beliefs and associated cultural knowl-
edge. The present study aims to investigate conceptions and knowledge related to chil-
dren’s complementary feeding. Data were collected from mothers of children under
five from the communities of Bariba, Peul and Gando in Banikoara and Nikki dis-
tricts in northern Benin. Participant observations were conducted in 34 households
of mothers with children to collect data on the provision and preparation of food for
children and their consumption between 2021 and 2022. In addition, 6 focus groups
were conducted with about ten mothers on stories and proverbs related to child nu-
trition. The findings showed local foods as porridge and dough are predominant in
the three communities. The sauces served are usually made from dried local vegeta-
bles. The preparation and consumption of meat or fish is almost non-existent in Peul
households, but is common in Gando and Bariba communities. In Peul communities,
sauce preparation based on okra leaves mixing with crushed beans as vegetal protein
containing food is rather common. Also, most of child mothers cooked a mixture of
boiled sorghum flour andmoringa leaves called dambou as special meals for diversify-
ing household diets. In the Bariba communities, special children’s meals made from
external foods such as rice, pastas and couscous are particularly common. Further-
more, thirteen stories and proverbs collected meant that mothers’ feeding practices
are underpinned by: 1) the idea of ’taking care of the belly’ of family members; 2)
the valorisation of food or the attitude of ’not wasting food’ (e.g. re-preparing left-
over food); 3) the local notion of ’valued foods’ (e.g. viewing some foods as sources
of ’power’ for children). These findings highlighted positive deviant knowledge and
practices among targeted child mothers that are likely suitable for improving chil-
dren’s complementary feeding practices in neighbouring malnourished households
or communities.

Keywords: Agropastoral settings, Benin, child feeding and nutrition, child mothers,
food ethnography
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Local food system resilience in context of shocks and crises:
Vulnerabilities and responses of agroecology-based farmers

in Peru, the United States, and Germany
GIOVANNA CHAVEZ-MIGUEL1, ANTONIO GONZÁLES2, PIA GLEICH2, JANIKA
HÄMMERLE2, CHIARA CANETTIA2, REBECCA LYNN HALFASTA2, MORITZ

FEUCHTERA2, DOMINIKA BUSZYDLOA2, LAURA SCHWARZ2, IMKE SCHEEPSTRA3, STEF
DE HAAN4, RAÚL CCANTO5, STEFAN SIEBER1,2, MICHELLE CHEVELEV-BONATTI1

1Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SUSLand), Germany

2Humboldt Universität zu Berlin, Thaer-Institute of Agricultural andHorticultural Sci.,
Germany

3Freie Universität Berlin, Inst. for Latin American Studies (LAI), Germany
4International Potato Center (CIP), Andean Initiative, Peru
5Grupo Yanapai, Peru

Multiple crises have disrupted food systems globally in the last years. The
shocks induced by the COVID-19 pandemic, coupled with the economic ef-
fects related to increased energy prices and shortages of fertilisers and agri-
cultural inputs, affect farmers everywhere. By applying inductive, qualita-
tive, and comparative research approaches, we investigate the effects of in-
terlinked shocks and crises on local food systems from a farmers’ perspec-
tive. We applied mixed qualitative field methods to voice farmers’ percep-
tions about the effects of interrelated shocks and crises of farmers (n=25)
belonging to agroecology-based local food systems of Peru, the United States
and Germany. This study aims to: (i) understand the different crises scenar-
ios and induced farmers’ vulnerabilities; and (ii) identify the response mech-
anisms that farmers deploy in response. Results show that farmers in the
three study areas experiencemultifaceted effects of the crises, mainly reduced
access to inputs and labour, resulting in production decline, low incomes,
and decapitalisation. Farmers’ strategies and responses are understood with
regards to their responsive capacities and within the socio-political environ-
ments that they are embedded, and thereafter analysed based on attributes
of food system resilience. The main differences among our case studies re-
lated to the form of capitals (financial, social and human) that farmers have
available for responding to shocks. Our findings demonstrate how strategies
were successfully implemented where social resilience, i.e., stronger commu-
nal ties existed. We argue that the main potential for scaling agroecological
local food networks, and thereby strengthen food system resilience, lies in

Contact Address: Giovanna Chavez-Miguel, Leibniz Centre for Agric. Landscape Res.
(ZALF), Sustainable Land Use in Developing Countries (SUSLand), Eberswalder Straße 84,
Müncheberg, Germany, e-mail: Giovanna.Chavez-Miguel@zalf.de
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improving the efficiency of existing short-length distribution channels and
fostering trust-building and solidarity-based interactions between producers
and consumers. Thereafter, we emphasise the need for more proactive poli-
cies aimed at promoting agroecological and localised production, as well as
ensuring channels for commercialization, in order to enhance food systems
resilience against recurrent shocks and crises.

Keywords: Farm-market interfaces, persistence, responsive capacities, social-
ecological systems
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M’inka, ayni and apachikuy: Social practices for food systems
in crisis

LIZA MELINA MEZA FLORES1, CLAUDIA HEINDORF2
1San Ignacio de Loyola University, Environmental Engineering, Peru
2University of San Luis Potosí, Multidisciplinary Program in Environmental Sciencies,
Mexico

Andean social practices in Peru, such as the mink’a, ayni and apachikuy are
based on solidarity, which seeks to guarantee the production and consump-
tion of food for people in the countryside and also for their kin in the cities.
The interweaving of traditional knowledge and social practices, as well as in-
novations can be effective in promoting the resilience of food systems. The
aim of our work is to shed light on the social practices of cooperation for pro-
duction (mink’a and ayni) and distribution of products (apachikuy) as exam-
ples of practices that are relevant in Peru, and to discuss their current potential
to address food crises.
To achieve this, semi- structured interviews to different key actors were car-
ried out in four Andean provinces in Peru to incorporate insight information
about the use of these social practices pre-pandemic and during the lock-
down and post-lockdown. An extensive literature review was also carried
out. Based on this information, a SWOT analysis (strengths, weaknesses, op-
portunities and threats) was conducted. The analysis highlights the strengths
and opportunities in terms of contributing to social tissues andproviding sup-
port to vulnerable groups in times of crisis, while it reveals weaknesses and
threats concerning the neglect and devaluation of these social practices by
younger generations. Our conclusion is that these social practices contribute
to sustaining food systems in critical situations, but require governmental
programmes and academic research to ensure their continuity and promote
their recovery and re-activation.
Given the limited research on the importance of these social practices, beyond
their general description and ancestral uses, we recommend further research
on the application of these practices and the measurement of their impact on
food security and food sovereignty. A sound evidence base for the develop-
ment of policies in Peru that promote resilient food systems is essential, as the
country ranks first in food insecurity in Latin America.

Keywords: Community practices, COVID-19, food crisis, food security,
solidarity practices
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Understanding migration trends and livelihood
vulnerability: A case study from Ghana

FRANZISKA JÄCKEL, TERESE VENUS
University of Passau, Bioeconomy Economics, Germany

In West Africa, agriculture employs the majority of the rural population with increas-
ing pressure related to climate change and its compounding impacts on livelihood.
Due to these pressures, scholars have observed increasing streams of circular migra-
tion resulting in translocally organised networks between rural and urban regions.
While previous research has investigated the dichotomous nature of rural-to-urban
migration, our study understands migration and mobility from the research perspec-
tive of translocality. Migration of this nature can support rural households through
the provision of remittances and knowledge transfer in regards to adaptationmeasures
to reduce the impact of climatic changes. To understand the relationship between dif-
ferent patterns of migration motivated by climate change and household livelihood
vulnerability, we estimate the livelihood vulnerability index to understand the three
components of sensitivity, exposure and adaptive capacity. For our sensitivity com-
ponent, we include climate data from the region in addition to household-level in-
dicators. Then, we explore the causal effect of different patterns of migration and
characteristics of the migrant on household vulnerability scores as well as other indi-
cators related to household well-being (e.g. women’s empowerment) using matching
methods. Our case study focuses on 572 randomly sampled households and contains
information on 3094 individual householdmembers fromGhana’s rural Northern and
Eastern Regions, which represent two of the country’s most important agricultural
regions. Within our sample, over 53% indicate farming as their most important eco-
nomic activity. Over 63% have noticed environmental changes within the last 10 years
and more than 96% see farming negatively affected by these changes. In total, over
75% of the households havemigrants, mainlymigrating to Greater Accra andGhana’s
Northern and Eastern Regions. We distinguish between several types of migration
patterns and hypothesise that households with longer-term migrants will be less vul-
nerable, specifically with higher adaptive capacity and lower sensitivity scores, e.g.
through knowledge transfer and monetary, as well as in-kind remittances. Further,
we hypothesise that the effect of migration on household vulnerability is stronger for
younger migrants. Our findings will have implications for internal migration policy
and its role as an important livelihood diversification strategy in the face of climate
change.

Keywords: Adaptive capacity, exposure, translocality, vulnerability
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Building resilience or missing specification? Crop and labour
diversification in Southeast Asia

EVA SEEWALD, OLIVER SCHULTE
Leibniz University Hannover, Institute for Environmental Economics andWorld Trade,
Germany

Poverty and climate change are just twomajor problems among others the global south
faces with severe impacts on wellbeing. According to the Global Climate Risk index,
Vietnam and Thailand rank 6th and 9th respectively for the period from 1999–2018.
Higher temperatures, greater variability in rainfall patterns and altered growing sea-
sons negatively affect agricultural production and, thus, farmers’ income. Poverty
comes with multiple faces. Not only is it defined by a scarcity of monetary values like
income but it also captures other aspects of life. To capture access to health services,
education, and participation as basic features of a dignified life, researchers developed
the multi-dimensional poverty index.
Researchers have investigated measures to mitigate the effect of weather shocks like
droughts or unusual heavy rainfall. Results show that diversification in livelihoods
and crops can help to alleviate the negative effect of weather shocks. However, most
of the literature measures the impact of diversification strategies on income. There is a
research gapmeasuring the impact of diversification, particularly crop diversification,
on multi-dimensional poverty.
With this analysis we try to close this research gap by using a uniquely large socio-
economic panel data set from Thailand and Vietnam capturing ten years from 2007
until 2017. It allows for the calculation of a multi-dimensional poverty index and the
Simpson’s index of diversification for crops and off-farm labour. In addition, the data
set also allows to measure self-reported weather shocks. To capture the bias intro-
duced by self-reported weather shocks and its connection to diversification, we use
precipitation from the NASA.
Our results, using fixed-effects panel-regressions, show that heavy rainfall increases
multi-dimensional poverty in Vietnam. This effect is mitigated by labour diversifica-
tion. While crop income and labour diversification reduce poverty in Thailand, crop
diversification increases poverty in Vietnam. Self-reported environmental shocks in-
crease poverty in both countries while the effects are mitigated by crop diversification
in Thailand but not in Vietnam. Interestingly, labour diversification reduces poverty
in both countries, Thailand and Vietnam. Our results indicate that the risk manage-
ment features of diversification must be cautiously weight against possible efficiency
losses due to forgone specialisation benefits.

Keywords: Crop diversification, income poverty, multidimensional poverty, panel
data, precipitation, shocks
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Power relations and socio-ecological resilience in small-scale
farming systems: Learnings from a long-term research

program
AKANKSHA SINGH, AMRITBIR RIAR, MARC COTTER, EVA GOLDMANN,

DAVID BAUTZE, BEATE HUBER
Research Inst. of Organic Agriculture (FiBL), International Cooperation, Switzerland

Socio-ecological resilience (SeR) is an integral aspect in enhancing farm system sus-
tainability and this integration is beingwidely adopted in recent years in development
projects. Multiple indicators are used to assess socio-ecological resilience of suggested
solutions in farming systems or, to design projects with an aim to ultimately enhance
SeR. However, the indicators or the suggested solutions remain largely technical; of-
ten overlooking the role that social solutions or power relations play in the long term
in farming systems sustainability. There is growing evidence indeed that unequal
power relations in agriculture are a threat to food security worldwide. Hence, there is
a need to focus on equity when determining indicator or when developing solutions
for sustainable food systems. We set up a long-term farming systems programme in
2007 in three tropical countries (India, Kenya and Bolivia) to compare organic and
conventional management systems across multiple parameters. In all the countries
we have been working with small-scale farmers on specific cropping systems (cotton,
cacao and maize). The approaches of our programme have been interdisciplinary fo-
cusing on all the way from fundamental agronomic questions to participatory farmer
research. Over the years multiple studies and analysis have been conducted within
our programme to understand the socio-ecological dimensions of sustainable farming
practices in our study areas. We will present compiled learnings of these studies with
a focus on two of our study regions, India and Bolivia. Wewill particularly summarise
the role that factors such as farmer networks, farmer cooperatives, caste and identity,
motivation and extension services play (a) in understanding farming systems and,
(b) in adoption of suggested solutions. Using these results, we will discuss additional
parameters that need to be considered when assessing social-ecological resilience of
farming systems, with a particular focus on power relations. We will take inspira-
tion from the widely applied social-ecological system framework by Elinor Ostrom to
present our approach. We suggest that considering such an approach is crucial to bal-
ance trade-offs and synergies in the process of improving sustainability of small-scale
farming systems.

Keywords: Equity, framework, indicators, power relations, resilience, small-scale farm-
ers, socio-ecological
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Local community preferences for ecosystem services:
Tradeoff analysis for a biosphere reserve in southwestern

Ethiopia
LULSEGED TAMENE DESTA1, WULETAWU ABERA2

1International Center for Tropical Agriculture (CIAT), Ethiopia
2The Alliance of Bioversity International and CIAT, Ghana

Climate change and landdegradation have contributed to the deterioration of the over-
all health of the earth undermining its ability to function in a sustainable manner. The
increasing demand for agricultural products has been partly met by increasing cul-
tivated land leading to competition between different land uses and users. In such
circumstances the available supply of ecosystem services (ESSs) can dwindle, and the
system will not be able to support the demand of the growing population. Such a
notable example is being experienced in the Yayo Coffee Forest Biosphere Reserve
(YCFBR) of southwestern Ethiopia. Large parts of the YCFBR rainforests and their
wild coffee populations have been modified or destroyed due to rapid deforestation,
conversion to agricultural land, introduction of new settlements and timber extrac-
tion in the past decades. These led to a huge loss of rich biodiversity undermining
the benefits associated with the forest and wild coffee resources and impacting peo-
ple’s livelihoods as well as local and national economy. Developing participatory land
management options involving the needs and aspirations of the local communities is
essential to protect the biosphere and sustain its use. In addition, there is a need to bal-
ance themanagement and utilisation of the inherent natural capital and the associated
demand of the community to ensure long-term sustainability. Such knowledge can en-
able the development of targeted and context specific land use andmanagement plans
for the YCFBR. This can be supported by understanding the perceptions, preferences
and expectations of land users related to the ESSs and their distributions within the
YCFBR. This study integrated earth observation and socio-economic survey tools to
(a) analyse the supply of ESSs across the biosphere and its surroundings; (b) evaluate
the preferences of local communities towards major ESSs across the biosphere contin-
uum (demand; (c) analyse the tradeoffs and synergies between ecosystems services
in relation to community needs and preferences, and (d) develop an optimal land use
and management plan for the YCFBR and its surroundings. Such study is essential to
guide informed decision making considering the available resource potential in rela-
tion to the needs and priorities of local communities.

Keywords: Ecosystem services, Ethiopia, land use optimisation, tradeoffs
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The road to recovery: Smallholder household resilience to
food insecurity amidst climate-change and

COVID-19-induced shocks
ESTHER GLORIA MBABAZI1, AWUDU ABDULAI1, ENOCH KIKULWE2,
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The COVID-19 pandemic and the measures instituted to curb its spread had devas-
tating effects on livelihoods in Sub-Saharan Africa where smallholder farmers were
already grappling with the effects of climate change. The disruptions in transport and
inaccessibility to both agricultural input and produce markets resulting from the lock-
downs increased the susceptibility of the farming households to food insecurity. In
Uganda, the government provided relief in form of a one-off supply of food and cash
to a small part of the peri-urban population. In the absence of social protection, rural
farming households in the country had to bank on their resilience capacity to cope
with the myriad of shocks. The objective of this research was threefold; to analyse
the effects of climate change and COVID-19-related shocks on the food security status
of rural smallholder households, evaluate the determinants of their resilience to food
insecurity amidst the shocks and, assess the role of their resilience capacity in facili-
tating recovery. The data used is from a panel of three waves of household surveys
collected in western Uganda before the pandemic, during a lockdown and afterward.
We employed factor analysis, structural equation modelling and probit models for
the empirical analysis. The findings show that 40% of the households consumed less
diverse diets whereas 52% experienced a reduction in food consumption per capita
during the pandemic. Shocks including loss of employment, death of a relative due to
COVID-19, disruptions in transport and increased prices of foodstuffs were associated
with a decline in the household food security status. The coping strategies employed
such as change in dietary patterns, reduced expenditure on foodstuff and distress sales
of livestock as indicated by 34%, 28% and 10% of the households respectively further
threatened their food security status. Ownership of productive and non-productive
assets and access to social safety nets such as remittances and belonging to associa-
tions were the major contributors to household resilience. Furthermore, household
resilience was significantly and positively related to the likelihood of recovery of the
food security status over time. Households with a higher resilience capacity index
were better equipped to absorb and adapt to shocks.

Keywords: Climate change, COVID-19, food insecurity, households, recovery,
resilience, rural, shocks, smallholder
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Actor-network theory for eco-resources species Ziziphus
mauritiana (Masau) management in Zimbabwe

ANYWAY KATANHA, ITAI OFFAT MANYANHAIRE
ZimbabweOpenUniversity, Dept. of Geography andEnvironmental Studies, Zimbabwe

This paper presents a critical analysis of the applicability of the actor-network
theory to natural resource governance in semi-arid regions which depend on
specific eco-resource species such as Ziziphus mauritiana (Masau-zm) and its
role in national policy integration using a case from Muzarabani area of Zim-
babwe. Based on the Dambakurimwa community from Muzarabani the re-
sults revealed that natural resource governance is complex and the theory
has self-regulatory characteristics. Rural resilience and sustainability bene-
fit from initiatives that foster actor-network theory-based analysis of natu-
ral resource governance networks using a multipurpose fruit tree useful to
a natural hazard-prone community in Zimbabwe. Many sub-Saharan coun-
tries are developing regulatory frameworks, policies, and laws that ensure
fair and efficient management and trade of natural resources in remote ar-
eas. Networks resource governance, is characterised by the increased role of
diverse actors that include state and non-actors as well as and external net-
works. The main thrust of networked governance is to develop synergies be-
tween diverse competence and knowledge bases to solve complex as well as
interrelated challenges. In many developing nations, it has been well doc-
umented that the main challenge of natural resource governance like wild
fruits is linked to the diverse interest of various actors directly or indirectly
involved in the use of, trade, and overall management of the natural resource
products. The involvement of different actors reflects multiple subsistence,
commercial, social, ecological, and conservation agendas as well as multiple
actors both state and non-state and all facilitating the same goal. The inclusion
of diverse actors in the matrix results in natural resource governance of wild
fruits being fragmented and at times engrossed in diverse sectors or being at
the centre of polycentric institutions and actors that induce tensions, conflicts,
and ambiguity thatmay degrade the resource. In an effort to comprehend this
dilemma, systematic characterisation of the governance structures for diverse
natural resource species is necessary. In respect, the characterisation of these
governance types can aid in policy issues identification and development that
further seeks policy attention.
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Material and non-material contributions of rice
agroecosystems to indigenous farmers in the Upper Baram,

Malaysia
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Traditional rice agroecosystems enrich the world’s agricultural heritage and
diversity of farming practices. The main output of these agroecosystems is
the production of rice for food. However, traditional rice agroecosystems
contribute to farmers in many ways beyond the material contribution of rice,
including non-material contributions that are important to farmers’ individ-
ual and cultural lives. This research aimed to understand the material and
non-material contributions of swidden andwet rice agroecosystems to indige-
nous farmers in a traditional rice cultivation landscape in the Upper Baram,
Malaysia, using the IPBES nature’s contributions to people framework. In
the year 2020, 43 semi-structured interviewswere conductedwith indigenous
farmers in two villages to collect data, which were analysed using qualitative
content analysis. The contributions of rice agroecosystems were deductively
classified into the categories of the IPBES framework. The findings demon-
strated that the rice agroecosystems support farmers through material con-
tributions, including rice and non-rice food, and non-material contributions,
such as supporting farmers’ identity as well as contributing to knowledge
transfer and a feeling of happiness. The rice agroecosystems are therefore
more than just a source of food, as they also contribute to the social and cul-
tural aspects of farmers’ lives. The farmers also perceived differences between
the rice agroecosystems. The wet rice agroecosystem is perceived as provid-
ing a higher rice yield with less labour-intensive farming practices. The swid-
den rice agroecosystem is associated with a greater variety of material con-
tributions, such as the provision of building materials, firewood and more
non-rice food, often found in the system’s fallow land. Besides the benefi-
cial contributions, a detrimental contribution of the swidden rice agroecosys-
tem is the tiring and difficult farming practices, such as weeding or slashing
the field. Due to the different contributions, most farmers prefer the wet rice
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agroecosystem because of the economic and lifestyle benefits. This prefer-
ence, combined with ongoing socio-economic changes in the area, could lead
to a shift from swidden rice cultivation to more permanent wet rice cultiva-
tion. However, the traditional swidden rice agroecosystemmay also be main-
tained as a risk mitigation measure in case the wet rice agroecosystem fails to
produce sufficient rice.

Keywords: Agricultural change, Borneo, ecosystem services, indigenous
perceptions, IPBES
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Social and environmental impacts of Maryland oil palm
plantations on forests biodiversity and community

livelihoods in Liberia
RICHARD SAM

Sustainable Development Institute, Community Rights & Corporate Governance
Programme, Liberia

Liberia holds 44.5% of the remaining portion of the Upper Guinean Rainforest inWest
Africa which is home to critically endangered forest elephants and western chim-
panzees, the forests are of vital importance for the livelihoods of millions of West
Africans and provide key ecosystem services of local and global importance for food
systems transformation and agroecology. Liberia’s efforts toward land reform through
legislation and policies recognise communities’ rights to own and manage their cus-
tomary lands and resources. These include the National Forestry Reform Law of 2006,
the Community Rights Law Concerning Forest Lands of 2009, and the Land Rights
Act of 2018. In May 2022, the Sustainable Development Institute (SDI) - Friends of
the Earth Liberia team researched the Social and Environmental Impacts of Maryland
Oil Palm Plantations in Liberia. 23 Key Informant Interviews and 10 focus group dis-
cussions in seven communities in and around the MOPP plantation. They included
farmers, (contract) workers, MOPP staff, local authorities, women and youth leaders,
the Environmental Protection Agency (EPA) Inspector, the civil society head, and the
gender coordinator of Maryland County. The team cross-checked information with
formal documents as much as possible and took photographs and GPS locations of
areas of deforestation, pollution, and conflict. Research finds that land conflict and
deforestation include several negative impacts on communities. MOPP has not re-
spected land tenure rights or followed free prior and informed consent (FPIC) stan-
dards, including resettlement without reparation and destruction of farms and old
towns without (sufficient) compensation or restitution. Communities lost their farms
duringMOPP land acquisition and clearance and villageswere identified as ‘village de
squatters’, resulting in limited access to farmland increases food insecurity, and fewer
cash crops to support family incomes. MOPP destroyed high conservation value areas
and destroyed secondary forest regrowthwhich affected important biodiversity areas.
MOPP is one of the four large-scale industrial palm oil plantations in Liberia. Situated
in Maryland County, it has a palm oil mill in a joint venture with Golden Veroleum
Liberia (GVL). Its 2011 concession agreement includes 8,800 hectares for industrial
palm oil plantations.

Keywords: Biodiversity, climate change, community rights, deforestation, ecosystem
services, food security, human rights, land rights, livelihood
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Identifying success factors of forest landscape restoration:
A case study of Tchamba prefecture Togo
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Forest landscape restoration (FLR) is a current key approach to improving human
well-being and recovering ecological integrity. There is a need to create a flexible and
innovative approach to FLR that promotes participatory and adaptive management
that considers the aspirations of populations. However, facing the challenges of FLR
implementation, it remains important to identify success factors of this approach. The
objective of this study is to identify the factors that contribute to the success of FLR
activities based on the perception and preference for innovation among farm house-
holds in Tchamba Prefecture (Togo). Themethodological approach for data collection
was based on individual interviews and focus groups with agricultural households in
the Tchamba prefecture. A representative sample of 494 households was surveyed.
Descriptive statistics were performed. The results reveal that over 89% of households
perceive restoration through reforestation as an economic investment for the future,
while 5.46% perceive it as a means of safeguarding and enhancing the value of the
land, and 4.08% as a means of conserving species for future generations. Among re-
spondents, 88% agreed with the urgency of planting trees to slow down the decline in
vegetation cover and the retreat of forests, as perceived by more than 66% of respon-
dents. Key local initiatives such as community forest creation, agroforestry, and forest
planting account for over 90% of FLR innovations. Also, the results indicate a strong
motivation among farm households to adopt forest restoration innovation to test new
opportunities and to be pioneers in the implementation of new restoration practises
for improved economic returns. However, factors such as lack of land ownership, re-
duced cultivable space, and transhumance are themain demotivating factors for those
involved in restoration in the area (‘non-natives’). These results imply an economic
perception of restoration, an awareness of forest cover loss and local innovations of
farm households in FLR. Consideration of community forestry strategies could help
safeguard the biodiversity and native forests of the area. The strengthening of in-
novative agroecological practises can help to strengthen the economic level and the
well-being of the farmers in the Tchamba Prefecture.

Keywords: Economic perception, forest innovation Tchamba Prefecture, forest land-
scape restoration
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Designing socio-ecological landscapes for sustainable
outcome: evaluating land-use options on ecosystem-service

provisioning in south-western Ghana
EVELYN ASANTE-YEBOAH1, HONGMI KOO1, STEFAN SIEBER2, CHRISTINE FÜRST1

1Martin Luther University, Sustainable Landscapes Development, Germany
2Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SusLAND), Germany

Landscape modification through socio-economic activities is rampant in the south-
western part of Ghana, threatening the region’s landscape sustainability. Offsetting
these threats requires an appropriate approach that can support land-use actors to
better design the landscape towards enhanced ecosystem service (ES) provisioning,
ensuring continued usage and profitability. This study adopted the geo-design ap-
proach, combining stakeholder perspectives and spatially explicit simulations to eval-
uate land management strategies on ecosystem service provisioning in south-western
Ghana. Baseline datasets of land-cover maps and locally relevant ES (Food, fuel-
wood, marketable products, species diversity, and soil quality regulation) were cap-
tured through GIS methodologies and stakeholder workshops, respectively. Seven
new land-use options (urban green, mangrove restoration, selective land preparation,
rubber mixed stands, open space restoration, relay cropping, and soil conservation)
were identified based on selected land-cover types on the study landscape. Combining
the land-cover types and land-use options generated landmanagement strategies that
were translated into land-use scenarios under stated conditions. The developed land-
use scenarios were subjected to a GIS web-based simulation platform where land-use
patterns were rearranged to reflect the land-use options embedded in the land-use
scenarios. Next, the land-use scenarios were evaluated against the locally relevant
ecosystem services, and results were viewed inmaps and ES balance tables. Strategies
for the effective implementation of land-use scenarioswere collectively discussed. The
results, based on participants’ perceptions, showed land-use options to exhibit higher
capacity to provide ecosystem services compared to the current land-cover types ex-
cept for rubber mixed stand, which was found to exhibit less capacity to provide mar-
ketable products compared to the current land-cover type. However, the simulated
land-use scenarios resulted in synergies between land-use options and ES provision-
ing. Participants perceived inclusive collaboration planning among multiple land-use
actors on the landscape as an effective means for successfully implementing land-use
options. Based on this result, we could infer that this approach of geo-design is a guide
to landscape planning in complex socio-ecological dynamic landscapes and has the
potential for improving local acceptability and adaptability for sustainable outcomes.

Keywords: Geo-design, land-use options, landscape sustainability, spatial simula-
tions, stakeholder perceptions
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Drivers, enablers and barriers for wider adoption of
agroecological farming practices in Ethiopia: A case of

vegetable production
YIDNEKACHEW ZEWDE, RALPH ROOTHAERT, WUBETU LEGESSE, AMHA BESUFKAD

World Vegetable Center, Ethiopia

The conventional vegetable production systems promote wider applications of chem-
ical fertiliser and synthetic pesticides to maximise crop yield. Studies also show that
applications of such chemical inputs have reached an alarming rate and it has created
eminent threat on the health of soil, plants, animals and humans. Therefore, a sus-
tainable production system that promotes the adoption of agro-ecological practices
has paramount importance to ensure improved health for the planet and people. This
paper examines the main drivers, barriers and rates of adoption of agro-ecological
practices in central highlands of Ethiopia. The findings from the study showed that
there was limited awareness and scant application of agro-ecological practices. The
adoption process is mainly determined by agronomic, socio-economic, institutional,
financial, socio-cultural and market related factors. During the two and half years of
intervention in three districts of Ethiopia, the number of farmers who adopted more
than five RAs has increased by almost 62%. The most widely adopted practices in-
clude the use of vermicompost, bio-slurry, crop rotation, conventional compost, neem
extract for pest control, intercropping and improved crop varieties. On the other hand,
the least adoptedRAs constitute the application of drip irrigation, mulching, protected
cultivation, green manuring, and biopesticide. The main supply-side determinants
for adopting a particular practice include the cost of adoption, accessibility to farm-
ers, scale of adoption, type of crop, relative availability of inorganic inputs (chemical
and fertiliser), skills required for adoption, and institutional support system. A mul-
tiple regression analysis on those determinants implies that age of farmer, level of
education and frequency of attending training were found to be enablers of adoption.
However, the number of practices adopted by a farmer and his/her land holding size
exhibit an inverse relationship: this means smallholders have got higher propensity
to intensify. The barriers to adoption include limited access to organic inputs and ab-
sence of a market system that differentiates vegetables produced in an agroecological
way. Therefore, to enhance the rate of adoption and make impact at scale, further re-
search and development interventions should focus on factors that empower, enable
and drive the adoption of agroecological practices.

Keywords: Agroecological practices, barriers, enablers, people & planet health,
vegetable production
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Factors associated with the adoption of diversified farming
systems: A global meta-analysis

ANDREA CECILIA SANCHEZ BOGADO1, SARAH JONES1, NATALIA
ESTRADA-CARMONA1, DAMIEN BEILLOUIN2, CECILE BESSOU3, BRUNO RAPIDEL4

1The Alliance of Bioversity International and CIAT, Multifunctional landscapes, France
2CIRAD, Martinique
3CIRAD, Australia
4CIRAD, UMR Agrosystèmes Biodiversifiés, ABSys, France

Diversified farming systems have been recognised as effective strategies for achieving
sustainable food production by providing economic, environmental, and social bene-
fits to farmers, while mitigating the negative impacts of climate and market changes.
However, despite the growing evidence of the advantages of diversified systems,many
farmers worldwide usually tend to adopt simplified farming practices like monocul-
tures. To better understand the drivers and constraints behind the adoption of diversi-
fied farming systems (e.g., agroforestry, intercropping, crop rotation) in different sub-
regions around the world, we conducted a global meta-analysis of 79 peer-reviewed
articles that quantitative compared bio-physical, social, and economic characteristics
of adopters and non-adopters of diversified farming practices. Our database included
more than 30 factors that may influence the adoption of 8 diversified systems, in 30
countries on five continents. Our overall results showed that, on average, the adop-
tion of diversified farming systems was significantly associated to farmer education,
farmer gender, farmer age, farm size, land tenure, access to credit, access to train-
ing, access to agricultural extension, labour availability, but the strength and direc-
tion of these correlations varied across different farming systems. Additionally, the
meta-analysis indicated that the factors driving and constraining the adoption of di-
versified farming systems vary across different sub-regions, with socio-demographic
factors being more important in developing regions. Our results provide quantitative
and robust evidence of factors that encourage and limit the adoption of diversified
farming systems. These findings can guide researchers and policymakers develop
targeted strategies that are better suited to local agricultural and cultural contexts and
promote the widespread adoption of diversified farming systems. The insights of this
meta-analysis have significant implications for achieving sustainable food production
and improving the livelihoods of farmers around the world.
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A social perspective on on-farm tree functions, drivers of
deforestation and land degradation: Togolese farmers

perceptions
HAMZA MOLUH NJOYA1, KOSSI HOUNKPATI1, KOSSI ADJONOU2, KOUAMI KOKOU2,

STEFAN SIEBER1, KATHARINA LÖHR1

1Leibniz-Centre for Agric. Landscape Res. (ZALF), Germany
2University of Lomé, Forestry Research Laboratory, Climate Change Research Centre
(CRCC), Togo

Deforestation and land degradation remain major, environmental, economic
as well as social threats across the world. The present study reveals a so-
cial perspective on on-farm tree functions. In this context, it is assumed that
perceptions of on-farm tree functions could play an important role in shaping
the decision-making process for the entire agroecosystem. Therefore, looking
at farmers when approaching on-farm tree functions is indispensable. This
study investigated farmers’ perceptions of the importance of on-farm tree
function, drivers and effects of deforestation and land degradation in the Cen-
tral region of Togo. We used a household survey coupled with focus group
discussions to capture farmers’ perceptions of deforestation, land degrada-
tion and on-farm tree functions. A total of 490 households were interviewed
using a structured questionnaire and eight focus group discussions involving
21 farmers each (a total of 168 participants). The household survey revealed
that the major causes of deforestation and forest degradation perceived by
farmers included agricultural activities (85%), population growth and ur-
banisation (71%), fuel wood (56%), and climate change (47%). Land degra-
dation evolved from the uncontrolled use of fertiliser (57%), deforestation
itself (57%), lack of rain (56%), extreme heat (41%), inappropriate farming
practices (36%), and non-use of farmyard manure (8%). The analysis also
reveals that the perceived importance of two on-farm tree functions could pre-
dict the integration of trees on the farm: “income improvement” and “fuel
wood”. The study concluded that strengthening the importance of the “in-
come improvement” function in farmers’ minds can stimulate the plantation
of trees. In the context of the implementation of restoration programs, in-
vestigating farmers’ perceptions can significantly contribute to a bottom-up
approach to sustainable forest landscape management.

Keywords: Deforestation, farmers’ perceptions, land degradation, on-farm
tree functions, social perspective
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Narratives, interests, and actors in forestry-SDG interactions:
A systematic literature-based discourse analysis

DOMINIC AHRENS
Dresden University of Technology, International and Tropical Forestry, Germany

Forests support life on Earth through vital ecosystem services that are crucial
for human well-being and sustainable development. Accordingly, forestry
and forest landscapes are pivotal to achievingAgenda 2030 and the associated
Sustainable Development Goals (SDGs). At the same time, implementing the
SDGs is affecting forest quantity and quality. This holds particularly true for
theGlobal South, facing high deforestation and forest degradation rates, often
driven by forest conversion to agriculture. Enormous challenges and oppor-
tunities comewith this interdependency and careful management is required
to safeguard future sustainable development. The purpose of this study is to
scrutinize discourses on forest-SDG interactions through an actor-centered
perspective. As such, the study aims to critically shed light on SDG trade-offs
and synergies in forest landscapes, the relevant actors’ interests and narra-
tives, and the conflicts among them. The analysis consists of twoparts: (1) the
mapping of thematic blocks shaping the forest-SDG discourse along with the
associated trade-offs and synergies therein; (2) the identification of the corre-
sponding actors, their interests, and narratives. Methodologically, the study
deploys a systematic review of literature that addresses forest-SDG interac-
tions from three angles: (1) the practical development politics discourse, (2)
the corporate sector discourse, and (3) the scientific discourse, including the
three major subcategories in nature, society, and technic. The results of the
study will be presented at the conference with the overall objective to enrich
the scientific and public discourse, as well as the practical decision-making
process on SDG trade-offs and synergies in forest landscapes in the Global
South.

Keywords: Forest, forest governance, forest landscape, interaction, SDGs,
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To maintain vegetable agro-biodiversity for nutrition
security: insights from ethnic minorities in northern Vietnam
PHUONG THI NGUYEN1, THE KY HOANG2, HUONG T.M. PHAM2, KEES SWAANS2,

PAUL C. STRUIK1, TJEERDJAN STOMPH1
1Wageningen University and Research, Plant Sciences, The Netherlands
2The Alliance of Bioversity International and CIAT, International Centre for Tropical
Agriculture, Vietnam

Vegetables are crucial elements to ensure food and nutrition security. Ethnic minority
communities in Northern Vietnam are the key holder of vegetable diversity but are
also suffering from low nutrient intake and nutrition-rich food crises. Home-grown
crops, including vegetables, are the major source of daily food and/or income that on
which farmers have sovereignty and easy access. This study aimed at exploring the as-
sociations of environmental, socio-economic and agro-ecological characteristics, and
seed diversitywith the current vegetable agro-biodiversity in different ethnicminority
communities inNorthernVietnam. Mixedmethods included a quantitative household
survey (409 farmers), qualitative farmer focus group discussions (13 FGDs) and key
informant interviews (31 stakeholders) executed in 2019–2020. Variable importance
evaluation was implemented to select the most important variables using projection
predictive variable selection approaches by R package projpred v2.4.0. Bayesian infer-
ence approach was employed using R package brms v2.19.0 for the final analysis with
the dependent variables being the total number of vegetable crops grown per house-
hold and the farmer’s decision to source seed from external sources. Given the rich
diversity of vegetables at landscape and community levels, diversity was quite mod-
est at the household level, and a large variation in crops grown was observed among
households within and between ethnic communities, reflecting households’ prefer-
ence diversity. A larger cropping land but not land for vegetables, more diversity
of seed sources, better access to information, and home gardens supported a higher
diversity of vegetables. In addition, vegetable availability was highly seasonal, and
there were critically lean periods for vegetable availability which hints at an important
shortage of vegetables for home consumption. Regarding farmers’ seed choice, when
starting materials needed were more diverse and given farmers’ trust in seed sources,
they intended to seek seed from external sources (i.e., involvement in integrated seed
systems). Also, if vegetables were primarily grown for home consumption, the self-
saved seed was prioritised. We recommend that it is necessary to enhance farmers’
access to information, and diversification of reliable seed sources via bolstering an in-
tegrated seed system, and empowerment of local market channels for enhanced seed
and vegetable diversity.

Keywords: Bayesian, ethnic minority, integrated seed system, nutrition security, seed
source, vegetable diversity
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Socio-ecological interaction of rural agricultural system
surrounding conservation area: Case study from Jepara

regency, Indonesia
JANNATUL ULYA, ARYA HADI DHARMAWAN

Bogor Agricultural University, Dept. of Communication Sciences and Community De-
velopment, Indonesia

More than half of Indonesia’s area is a forest area. In the forest area, there
are a variety of natural resources as a source of livelihood for social system.
But, since the change in status to a conservation area, the social mission for
the welfare of farmer households around the area has become in conflict with
the ecological mission. This purpose of this research to analyse the types of
socio-ecological interaction that occur in rural households around conserva-
tion area in Indonesia by taking the case of conservation area in Jepara Re-
gency. Data collection in this research was carried out by distributing ques-
tionnaires, in-depth interviews, and observation. The collected data was then
analysed using mixed method.
The results of this research show that there are three types of socio-ecological
interaction in conservation area namely, neutral socio-ecological interactions
both for the local people and the forest ecosystem, limited uses of natural
resources utilisation with very minimal impact to forest ecosystem, exploita-
tive socio-ecological interactions from human being to forest resources. The
difference between types of the interaction is seen from the identification of
the initial question regarding their existence in the conservation area, namely
whether or not whether they have entered the conservation area. Then, the
analyses continue on the types of natural resources utilised, the frequency of
natural resource utilisation, until the quantity of natural resources utilised.
The important result from this research highlights the facts that although the
awareness of the ecological mission is understood by the farmer households
around conservation area, but the economic dimension still plays a role for
households to use of natural resources from the conservation area.

Keywords: Agricultural-forest interaction, Indonesia, livelihood, natural
resources, smallholders
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Climate change, translocal migration and adaptation of rural
farm households in Arochukwu, southeast Nigeria

IKENNA EJIBA, ADEOLA OLAJIDE
University of Ibadan, Dept. of Agricultural Economics, Nigeria

The climate change phenomenon portends a huge burden to many commu-
nities in the global south, and continues to impact farming households who
depend on agriculture for their sustenance. Farming households especially
in the rural areas have no choice than to adapt even in the midst of slow-onset
events. This study therefore assessed translocal patterns and networks; and
examined how translocal migration influence adaptation to climate change in
Arochukwu, Southeast Nigeria. To achieve the objective, a multistage sam-
pling technique was used in selecting 387 migrant and non-migrant farm-
ing households, while a baseline survey was used in data collection. Data
collected was analyzed using descriptive and empirical methods. Result of
the analysis suggests that majority (40.96%) of translocal migrants migrated
to towns and cities within the state (Abia), 30.12% of the migrants moved
to cities within the Southeast, 24.1% migrated to cities outside the South-
east, while 4.82% migrated internationally. In terms of translocal networks
and exchanges, result indicate that migrants at urban destinations send more
money (46.01%) and less food/goods (29.7 5%) to their households in the
place of origin, while the household in the rural area send more food/goods
(51.28) and less money (26.19%) to the migrant at destination. In terms of
adaptation and response to climate change variability, more translocal mi-
grant household members migrate to urban areas (28.21%) during off farm
seasons; while more non-migrant household members migrate to rural areas
(39.72) during off farm seasons. The t-test result performed to compare the
mean adaptation between translocal migrant and non-migrant household’s
show that a significant difference exists between the two groups. Further-
more, the logistic model analysis showed that translocal migration signifi-
cantly and positively influence adaptation. The study calls for a robust ap-
proach in the climate change and migration policy that will take translocal
networks into consideration due to its potentiality for vulnerable households
in the place of origin.
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Comparative analysis of the agroecological transition through
the prism of the territory concept: Two case studies in

Senegal
DIÉ-YACINE KA1, RAPHAEL BELMIN2, ASTOU DIAO CAMARA1,

AMINATA NIANG DIENE3, MARC PIRAUX2
1Senegalese Agricultural Research Institute (ISRA), BAME, Senegal
2Agricultural Research for Development (CIRAD), Senegal
3Cheikh Anta Diop University of Dakar (UCAD), Fac. of Geography, Senegal

In Senegal, various actors (scientists, politicians, farmers, civil society) are currently
behind initiatives in favour of agroecology and are involved in several fields such as
technique experimentation, product market and advocacy. However, the agroecolog-
ical transition struggles to reach all actors and to settle uniformly across the territories.
Evenwhen initiatives emerge, they remain isolated and dispersed in through time and
space. According to the theoretical and empirical literature, taking into account the
territorial scale would be necessary to analyse and implement change in a sustainable
way.
Thus, this thesis uses the concept of ’territory’, and questions the way in which it can
be a driving force or an obstacle to an agroecological transition in Senegal. It is in
line with the ’sustainability transitions’ research field, particularly in the geography of
transitions, in order to take into account the socio-spatial character of change. To ad-
dress the problem, two case studieswere chosen to represent the diversity of territorial
functioning and the trajectories that agroecology can take: themunicipalities of Ndiob
and Darou Khoudoss. The methodology of ’territorial diagnosis’ was chosen in order
to analyse agroecology in time and space, the innovations and the determinants of
their development, and finally to define anticipation perspectives in a collective man-
ner to enable local actors to organise the transitionwithin their territory. Anchored in a
comparative and participatory approach, it is based on a combination of tools, such as
semi-structured interviews, field observations, stakeholdermapping and anticipation.
Through these theoretical andmethodological decisions (conceptual frameworks, em-
pirical case studies in a Southern context…), the study offers original answers to the
limits of current research on agroecological transition.
The progressmade during the first year of the thesis has yielded field results in regards
to: the analysis of the agroecological intervention of various actors; the analysis of the
institutional landscape and the actor network (alliance, power, conflict); the state of
the art of technical, organisational and institutional innovations; the collective identi-
fication of territorial issues using a zoning system based on the accounts of different
actors.
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Unpacking stakeholder perceptions on challenges for
increasing adoption of solar powered irrigation systems in

India: A Q methodology study
ADITYA KOREKALLU SRINIVASA, DAGMAR MITHÖFER

Humboldt-Universität zu Berlin, Thaer-Institute of Agricultural andHorticultural Sci.,
Germany

Solar powered irrigation systems (SPIS) are seen as a means of increasing the share of
renewable energy use in India, as agriculture is one of the main users of energy, with
more than 30 million pumps, most of which run either on electricity (more than 60%
of which is coal-based) or diesel. The government’s efforts to promote the adoption
of SPIS by implementing the policy “PM -KUSUM”, which provides subsidies on up-
front costs, but have not delivered expected results due to low adoption of SPIS. The
extent of adoption of technologies, including SPIS, also depends on stakeholder inter-
actions and their perceptions of the technology itself as well as supporting infrastruc-
ture including policy settings. Inability to accommodate potential users’ concerns in
the policies could hamper technology adoption. In this paper, we use the Qmethod to
examine the shared views of stakeholders on challenges for increasing the adoption of
SPIS. Literature on the subject indicates that there can be substantial heterogeneity in
the perceptions evenwithin stakeholder groups, and functional classification based on
perceptions through Q method can provide a richer description of viewpoints, which
policy makers can address. To capture the discourse on challenges to the adoption of
SPIS, in addition to review of published literature, we conducted 14 in-depth inter-
views with different stakeholders. We shortlisted 60 statements and narrowed down
and selected 20 unique and non-overlapping statements from these, followed by ex-
pert review to ensure that statements fully represent the breadth of perspectives on the
topic. In a next step 30 purposefully selected respondents representing all stakeholder
groups (farmers, researchers, officers of Ministry of new and renewable energy, en-
gineers from utilities distributing power, input dealers, pump retailers, and service
providers, line department officials) ranked and sorted the 20 statements on a 7-point
bipolar agree-disagree scale. The collected data were subjected to by-person factor
analysis to extract three distinct viewpoints on the challenges for expansion of SPIS.
We observed heterogeneity in viewpoints within the stakeholder groups. We identi-
fied consensus statements indicating agreements and distinguishing statements that
indicate differences in viewpoints across factors, which can guide future policies for
out-scaling SPIS.

Keywords: Operant subjectivity, Q method, solar powered irrigation systems, stake-
holder analysis
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Automated national biomass profiles for sub-Saharan Africa:
Data for circular economy

SEBASTIAN SEMELLA, FABIAN-CONSTANTIN SITTARO,
FRIEDERIKE NAEGELI DE TORRES

German Biomass Research Center (DBFZ), Germany

Utilising agricultural by-products for energy production or material use can
help diversify income opportunities for small-scale farmers in rural commu-
nities in the Global South. This increased income can then be reinvested,
subsequently improving yields and enhancing food security. Furthermore,
circular farming practices maintain soil health by applying by-products like
bio-fertilizers or bio-char from biomass use. However, a bioeconomic transi-
tion towards advanced smart-farming practices and the optimal use of agri-
cultural by-products requires policy implementation and stakeholder engage-
ment. Therefore, rapid assessment of national key indicators and national and
regional biomass availability is an essential first step for informed decision-
making and continuous monitoring.
The national biomass potentials are assessed at the Deutsche Biomassefor-
schungszentrumgGmbH(DBFZ)using an automatedworkflowwithRmark-
down. The process involves identifying relevant data and querying APIs
from international databases to compile key biomass information from vari-
ous sources in a structured manner. More specifically, key figures and trends
on the social-economic status and the natural resource base are identified.
These include data on the most relevant crops, quantitative assessment of
agricultural by-products, and animal excreta. The National Biomass Profiles
resulting from this compilation and data review contain not only the current
biomass potentials but also time series allowing analyses of interannual pro-
duction stability.
Automated data updateswill allowdecision-makers and local stakeholders to
track the key figures gathered. Linking this information with an automated
mapping tool based on IFPRI SPAM data shows patterns of spatial biomass
production on complementary maps. Thus, it serves as a decision-support
tool, such as identifying suitable regions for implementing circular economy
activities, including the installation of pyrolysis and biogas plants.

Keywords: Automatic mapping, circular economy, fact sheet, IFPRI SPAM, R
markdown, sub-Saharan Africa
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Climate justice in transforming land-use systems for food
and renewable energy

HUSSEIN WARIO1, ANN WATERS-BAYER2
1Center for Research and Development in Drylands, Kenya
2Agrecol Association, Germany

With the growing global awareness of the climate crisis and the need for tran-
sition to renewable energy, governments and investors – including many in
Europe – have recognised that the drylands in the tropics are highly suitable
for generating wind and solar power. Many project planners regard these ar-
eas as “empty wastelands”, reflecting a prejudice since colonial times that
the drylands are marginal to the economy. Yet these areas are important
livelihood assets for diverse groups of pastoralists, hunter-gatherers and crop
farmers who have long used the land as a common pool resource to produce
and/or harvest food for their families and the market. Large-scale land acqui-
sition for energy projects will expand in the rush to produce not only wind
and solar power but also green hydrogen – a trend that intensified with the
war in Ukraine. The energy projects in the drylands are displacing local peo-
ple from their land, disadvantaging particularly pastoralists by blocking ac-
cess to pastures and hindering movement between them. This reduces pas-
toralists’ ability to be resilient to climate change through herd mobility. In
most of Africa, government do not recognise communal tenure as a legiti-
mate form of land ownership. Therefore, during energy project planning, the
local landusers’ rights are ignored. They are not sufficiently informed about
the plans and cannot defend their rights or negotiate adequate compensation.
They did not cause the energy crisis but they – and their food systems – have
become victims of climate injustice. This paper focuses on a study of land
acquisition in the Kenyan drylands for investment in renewable energy. The
study explored how some pastoralist groups are defending their community
rights to their land. It identified the type of research that can help local peo-
ple gain evidence about the value of their food-production systems and their
contribution to the economy and ecosystem services, which puts them in a
better position to negotiate sharing of the land and the benefits from energy
generation. In the necessary transition to renewable energy worldwide, the
challenge is to find synergies between production of sustainable energy and
production of food to sustain local livelihoods.

Keywords: Co-existence, drylands, food production, land acquisition,
pastoralism, renewable energy
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From waste to wonder? Scaling the off-farm production of
organic and biofertilisers in Africa: A scoping study

PIERRE ELLSSEL1, FORTUNATE NYAKANDA2, STÉPHANIE SAUSSURE3,
HAMADA ABDELRAHMAN4, NADEGE AMIZERO5, FATIMAH VON ABUBAKARI6,

ESTHER KOOPMANSCHAP7, IOANNIS DIMITRIOU8, HELENA POSTHUMUS7,
BERNHARD FREYER1

1University of Natural Resources and Life Sciences, Vienna (BOKU), Dept. of Sustain-
able Agricultural Systems, Div. of Organic Farming, Austria

2Zimbabwe Organic Producers and Promoters Association Trust, Zimbabwe
3Natural Resources Institute Finland (LUKE), Finland
4Cairo University, Soil Science, Egypt
5Environmental Consultant, Rwanda
6University of Cape Coast, Department of Agricultural Economics and Extension, Ghana
7Wageningen University & Research, Wageningen Centre for Development Innovation,
The Netherlands

8Swedish University of Agricultural Sciences, Sweden
The Covid-19 pandemic and Russia’s war against Ukraine have triggered a
global crisis in the availability, timely delivery and price stability of food and
agricultural inputs, especially inorganic fertilisers. However, simply expand-
ing the production of inorganic fertilisers may fail the complexity of the prob-
lem, such as soil degradation and respective soil and plant health issues.
Initiated by the DG INTPA of the EU-COM, a scoping study was established
to better understand the opportunities and challenges in scaling the off-farm
production of organic (OF) and biofertilisers (BF) in Africa and related (pol-
icy) recommendations. The scope includes - among others - a description of
the current state of production, origin of organic matter, quantities produced
and prices, current state of demand and use, and an assessment of the poten-
tial supply of organic matter.
A mixed-methods approach was used, combining a literature review and
about 80 qualitative interviews with key informants spread across the sub-
regions of Africa with a total of 12 countries. Interviewees included various
stakeholders such as producers, researchers, farmer organisations, advisory
services, policy makers and farmers.
We identified diverse activities and business cases where entrepreneurs are
recycling residues from agro-processing into compost and other OFs, includ-
ing smaller quantities of municipal organic waste, crop production residues,
animal manure, and sometimes mixing with inorganic fertilisers and/or bio-

Contact Address: Pierre Ellssel, University of Natural Resources and Life Sciences, Vienna
(BOKU), Dept. of Sustainable Agricultural Systems, Div. of Organic Farming, Gregor-
Mendel-Strasse 33, 1190 Vienna, Austria, e-mail: pierre.ellssel@boku.ac.at
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char, as well as liquid fertiliser from human urine. However, the quantities
of OFs currently produced are relatively small, the demand for alternatives
is high, but prices are also comparatively high. In the case of biofertilisers,
successful activities of rhizobia production and application exist; for other
biofertiliser types, as well as OF verifiable results of product efficacy are lack-
ing. Much untapped potential exists (e.g., urban/value chain waste), but col-
lection systems, standardisation, quality enforcement, governmental frame-
works/regulations, technical assistance, integration into education/training
and research and evidence/capacity building are necessary. Market incen-
tives and an increase in the ease of doing business may be crucial. A con-
certed and coordinated effort by private and public sector as well as farmer
organisations is needed. We conclude with policy recommendations for the
different actors along the fertiliser value chains.

Keywords: Africa, biofertiliser, biostimulants, organic amendments, organic
fertiliser, policy, scaling, value chains
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The impacts of groundwater development on agriculture food
system in Senegal: A general equilibrium assessment

ANGGA PRADESHA, HUA XIE, JAMES THURLOW, CLAUDIA RINGLER
International Food Policy Research Institute (IFPRI), United States

Most country in sub-Saharan Africa, including Senegal mainly rely on rain-
fed system for the agricultural production that provides sub-optimal produc-
tivity level compared to the irrigated production system. This condition has
led to food and economic insecurity given variability in agriculture produc-
tion that inhibits the poor from improving their livelihoods. On the other
hand, there is huge potential of groundwater resources in the region that
could potentially help improve agricultural production through groundwa-
ter irrigation. This study examines the potential impact of groundwater in
Senegal by using Rural Investment and Policy Analysis Water (RIAPA-W)
model to understand how groundwater development across different regions
in the country shape agricultural food system and how it affects income dis-
tribution, poverty, and food security in year 2030. Simulation results show
that increasing water supply by around 20 percent through groundwater de-
velopment in 2030 would increase agricultural production in both crops and
livestock sectors. This spur on production leads to an increase in agricul-
ture and national GDP by 3.4 and 1.5 percent respectively. The simulation
results also capture the spillover effect on non-farm food systemwhere larger
economic impact shown in food service sector, while higher employment ef-
fects observed in food processing industry. Income distribution shows that
both rural and urban poor are gaining more than the non-poor household
despite all household generated higher income under new groundwater de-
velopment. As income increases across different households, especially the
poor, we found poverty is reduced by around two hundred thousand people
in 2030. Increase in groundwater supply also helps provide cleanwaterwhich
is estimated around three hundred thousand people have access to clean wa-
ter.

Keywords: Agriculture and food system, general equilibrium, groundwater
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Value chain development of a clean-burning solid biofuel in
Southern Africa

JOSHUA ASETO, KARTIKA ANGGRAENI, ADRIANA BALLON OSSIO
Collaborating Centre on Sustainable Consumption and Production (CSCP), Sustain-
able Business and Entrepreneurship (SBE), Germany

Bush encroachment degrades over 120 million ha across Southern Africa. It stifles
herbaceous plants, reduces biodiversity, depletes groundwater reserves, and degrades
the soil. Its negative ecosystem impact undermines surrounding communities’ food
andwater security. Encroachment diminishes andweakens productive farmlands and
rangelands, reducing livestock productivity. Encroached areas can lose over 44million
litres/year/ha of groundwater through evapotranspiration. This threatens the fragile
water balance in these semi-arid regions. However, the costs of controlling the bush
encroachment exceed the immediate benefits of increased agricultural productivity.
There is a pressing need to create value for the harvested biomass (bush). The EU
Horizon 2020 “SteamBioAfrica” project seeks to create added value through the use of
superheated steam (SHS) technology with an output of a clean-burning, solid biofuel
for household as well as industrial consumption in three target countries of Botswana,
Namibia and South Africa. As part of the project, the CSCP together with partners
are developing value chains for the solid biofuel, which eventually will contribute to
enhancing the renewable energy sector of the three countries. In 2022, the project
undertook a baseline survey to gain insights into the existing biomass value chains.
The value chain analysis employed a mix of qualitative and quantitative data analysis,
which included a baseline survey, key informant interviews, and literature reviews.
Collected qualitative data went through a triangulation process and collected quanti-
tative raw data went through frequency analysis for the categorical variables for each
country. Collected data was compiled and contrasted. Conclusions were then reached
through logical inference based on a set of observations and seeking the most likely
and simplest inference from the observations. The findings reveal, households in the
three countries still use amix of energy sources for cooking and heating. These include
firewood, LPG, paraffin and electricity. More than 50% of respondents reported using
firewood, particularly in rural areas, while charcoal is generally used for leisure activ-
ities such as “braai” (barbecue) due to its higher price than firewood. Introducing the
new solid biofuel to households will require new business models.

Keywords: Agricultural productivity, biodiversity, biomass value chains, bush en-
croachment, business models, farmlands, solid biofuel, SteamBioAfrica, superheated
steam (SHS) technology, water security
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Importance and effectiveness of waste decomposer in
biodegradable and agro-waste management in context of

Nepal
SABINA DEVKOTA1, GEETA BHATRAI BASTAKOTI2, SHREE VISTA1

1Nepal Agricultural Research Council, National Soil Science Research Center, Nepal
2Community of Evaluators, Nepal (CoE-Nepal), Nepal

Solid waste is byproduct of human activities which tends to increase with
rapid urbanisation, improved living standards and changing consumption
patterns. If solid waste is properly used, it can be a valuable resource, but if it
is not effectivelymanaged, it can result in serious adverse impacts on environ-
ment and public health. The waste i.e. kitchen waste, and other biodegrad-
able waste which can be useful to make a compost. Agro waste manage-
ment in Nepal remains an important issue which still needs to be given more
importance considering its policy gaps and management mechanism. Kath-
mandu Metropolitan city has focused on bio waste management in their an-
nual policy and programme (2018/2019) but management ways are still un-
clear. Many farmers using different types of waste decomposers buying from
the market to decompose the waste and to utilise it later as a fertiliser. De-
spite its promotion there remains a less understanding of how this bio de-
composers are being promoted by the actors involved in the value chain. In
this context, waste decomposers may be the option to decompose bio-waste
materials quickly. Incomplete or immature composts cause many deleteri-
ous effects to soil, which in turn affects plant growth and ecosystem function.
This study basically tries to understand what kind of waste decomposers are
available in the market Nepal, what range of composition is being preferred
by the users and the results of satisfaction by the users in terms of waste de-
composer. Linking the findingswith policy, this paper explores and identifies
the gaps in terms of waste decomposers that policy can address and the areas
that need to be addressed and considered for improvement at institution level
for effective waste management.

Keywords: Waste, waste decomposer, waste management
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Innovative integration of renewable energy and agricultural
production as contribution on sustainable local development

OSVALDO ROMERO ROMERO, MICHAEL HARTMANN, KATIA CARABALLOSO
GRANADO, MATTHIAS RAAB

SRH Berlin University of Applied Science, Berlin School of Technology, Germany
Humanity is struggling to face problems associated with development related to cli-
mate change, finite energy resources, food scarcity, waste production and manage-
ment, as well as water availability and contamination. Simultaneously, population
growth, rising living standards and technological-industrial development have an un-
deniable effect on increasing food and energy consumption, with an impact on the
over-exploitation of essential natural resources such as water and soil. At the same
time, rural communities in most developing countries have limited access to products
and services that are commonly used in cities, such as energy, health, and cultural life,
among others, which unbalances their development and sustainability.
In the international discourse and the increase in awareness of these problems, the
implementation of the SDGs and concepts such as the green economy, the water en-
ergy food nexus, the circular economy, the development of renewable energies are
promoted. However, in a society that forecasts more than 9 billion inhabitants by 2050
and demands increased by 60% for food, 55% for water and 80% for energy, close
to one billion people still suffer from hunger, 78% of the world population must be
satisfied with only 30% of the energy produced globally, 2.12 billion tons of waste
are produced annually and 1.2 billion people face physical water scarcity, while food
still has to be transported nearly 4000 km as average from producer to consumer; even
so renewable energy generation and food production must compete for the land re-
source.
The present work will present theoretical-practical reflections of the innovative in-
tegration and management of renewable energies with agro-productive systems, to
achieve synergies that allow increasing food and energy production with sustainable
strategies, contributing to local development and reducing gaps in living standards
in rural regions of developing countries. Possible configurations to consider in pilot
examples, unifying knowledge in training and profession of engineers are presented,
promoting sustainable rural communities to impulse SDGs, growing in a green econ-
omy, managing the water-energy-food-nexus, and in a circular economy, as well as
decentralising food production with an economic impact on the inhabitants of rural
communities, and on regional-national economies.

Keywords: Circular economy, green economy, integration renewable energy and food
production, rural local development, SDGs, water-energy-food-nexus
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Effectiveness of improved cookstoves in promoting
sustainable food consumption: A case study of a rural

community in Meghalaya, India
SUBHA NIRANJAN

Infosys Ltd, Subha Niranjan, India

Unsustainable food consumption practices have contributed to environmen-
tal degradation and exacerbated climate change, particularly in vulnerable
communities. This case study examines the effectiveness of a carbon off-
set project by Infosys, which supplied approximately 10,000 improved cook-
stoves to families in rural Meghalaya, India. The project aimed to reduce
greenhouse gas emissions, promote sustainable consumption and produc-
tion, and improve the quality of life of the rural community. The project pos-
itively impacts 11 of the 17 SDG goals.
Through this study, we explore the impact of improved cookstoves on sustain-
able food consumption, with a focus on the reduction of firewood usage and
associated deforestation. Additionally, we examine the effect of the project on
poverty reduction, health, and women’s empowerment. Our methodology
includes both qualitative and quantitative data collection methods, including
surveys and interviews with project participants.
Preliminary findings indicate that the project has had a positive impact on
sustainable food consumption and the community’s overall well-being. Im-
proved cookstoves have reduced the use of firewood and associated deforesta-
tion, as well as improved indoor air quality, reducing health risks associated
with traditional cooking methods. Additionally, the time saved in cooking
and wood collection has allowed for more income-generating activities and
household tasks.
Our study highlights best practices and lessons learned from the project and
identifies potential areas for further research and innovation in promoting
sustainable consumption and production. By contributing to the body of
knowledge on sustainable food systems, this study can inform future projects
aiming to improve the well-being of rural communities and reduce the envi-
ronmental impact of food consumption practices.

Keywords: Livelihood improvement, reduceGHGemissions, sustainable con-
sumption and production

Contact Address: Subha Niranjan, Infosys Ltd, Subha Niranjan, 1014 sobha sun-
crest sobha hillview off kanakapura road, 560062 Bangalore, India, e-mail:
subhaniranjan@gmail.com

ID 363 733



Energy-water-food nexus

Sustainable energy access: A catalyst to landscape restoration
and water management in rural Malawi

LAMECK NKHONJERA1, ANNIE THOKOZANI MPEKETULA2
1Wupla Enterprise, Sustainable Energy, Malawi
2Catholic University of Malawi, Development Studies, Malawi

The high increase in population over the past two decades inMalawi has con-
tributed to environmental degradation. Out of about 20 million Malawians,
82% live in rural areas. They depend on subsistence agriculture for a liv-
ing, whereas firewood and charcoal are predominantly used for cooking. The
source of water for domestic use is from wells (protected and unprotected)
and surfacewater. The clearing of land for cultivation aswell as unsustainable
harvesting of biomass for cooking are the main contributors to land degra-
dation. Can increased access to sustainable energy in rural Malawi acceler-
ate landscape restoration and increased agricultural productivity? Through
a literature survey, this study argues that energy poverty is one of the salient
drivers of the perceptible environmental degradation in Malawi. With access
to modern energy, the economic activities in the rural areas can increase and
thus uplifting low income levels of the rural populace and hence enabling
them to become good stewards of the natural resources around them. With
access to sustainable energy, information and knowledge sharing of the envi-
ronmental issues in the rural communities can be eased, thus assisting in be-
havioural change of those who unknowingly cause harm to the environment.
With access to energy, smart agriculture in the rural areas is possible and
thereby reducing pressure on search for cultivation land as adequate yields
can be obtained from the small piece of land. With access to energy, efficient
water management is possible. It is therefore concluded that integrating en-
ergy access in the landscape restoration and water management programmes
in rural Malawi has far reaching impacts.

Keywords: Landscape restoration, sustainable energy, water management
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Coproducing the water-energy-food-biodiversity nexus to
operationalise agri-food systems sustainability transitions
DIANA CRISTINA MORENO VARGAS1, CAROLINA DEL PILAR QUIÑONES HOYOS2,

OLGA LUCÍA HERNÁNDEZ - MANRIQUE 3
1National University of Colombia, Humboldt Research Institute: Trajects, Colombia
2World Bank Group, Environmental Psychology Node of Ascofapsi, Colombia
3Basque Center for Climate Change, Adaptation Lab, Spain

Rising resource scarcity and environmental conflicts over water, energy, and
food, coupled with population growth and climate change, pose a severe
threat to biodiversity conservation and culture. TheWater-Energy-Foodnexus
and coproduction are prominent solutions to elucidate these threats. On the
one hand, this contribution aims to fill the gaps identified in the nexus think-
ing by integrating the Water-Energy-Food and Biodiversity elements into a
single framework. On the other hand, we attempt to summarise the nexus
research focused on social-ecological transitions in agricultural systems and
biodiversity management within the Water-Energy-Food nexus. Through a
systematic review and a bibliometric analysis applying the VOS visualisation
tool and ToS methods, we aimed to elucidate this information from 529 doc-
uments in the Scopus database. We identified through the ToS method 81
relevant information in the documents´ sample (529) categorised into roots
(10), trunks (9), and leaves (62). Our research situates types, focus, and high-
lights regarding biodiversity and prevalent thematic research areas such as
environmental flows, food nexus, sustainability, transitions, and governance.
Our results suggest that future research should focus on the nexus of Water-
Energy-Food-Biodiversity and could pose a interdisciplinary approach with
some implications not only in the use of resources but also in the scenarios,
scales, indicators, and long-term interactions, and situates demands of biodi-
versity conservation which can be supplied or balanced by agri-food systems
at landscape levels. Strengthening different knowledge networks through a
coproducing roadmapwould contribute to public policy generation in scenar-
ios of sustainability transitions in agri-food systems. This framework could
increase stakeholder interest in conservation, and sustainabilitymanagement,
to reverse biodiversity losses in ecosystems.

Keywords: Biodiversity conservation, environmental flows, governance, sus-
tainability transitions, water-energy-food nexus
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Technology suitability maps for bioenergy potential in Togo
FRIEDERIKE NAEGELI DE TORRES1, FABIAN-CONSTANTIN SITTARO1, SEBASTIAN
SEMELLA1, JÉRÉMIE FONTODJI2, TCHA THOM MAGLWA3, EDEM KOLEDZI3,

NILS ENGLER1, KOMI AGBOKA3
1German Biomass Research Center (DBFZ), Germany
2University of Lomé, Laboratory of Forest Research, Togo
3University of Lomé, Laboratory of Waste Management, Treatment and Recovery
(Laboratory GTVD), Togo

Energy transition in Togo is crucial to counteract deforestation and the effects of cli-
mate change. The production of bioenergy from agricultural residues and household
waste offers a promising solution, but the identification of suitable regions, residues
and technologies can be challenging due to a lack of data availability. Here, we present
an approach to assess the regional bioenergy potential in Togo by calculating the tech-
nology specific input amount and the spatial availability of substrate for bioenergy
applications based on categorised agricultural residues and household waste. We
analyse the chemical components of agricultural residues from different crops and
conducted feasibility tests to categorise them based on their suitability for biogas or
pyrolysis. Spatially disaggregated crop production data from the International Food
Policy Research Institute (IFPRI), crop-to-residue ratios and household waste data are
then used to identify and locate the available residual biomass. We use resampling
algorithms, focal statistics and technical parameters of bioenergy facilities to calcu-
late the amount of substrates available for bioenergy production on a regional and
local scale. We further calculate the biogas potential of major poultry farms in Togo,
based on the potential manure quantities and the agricultural residues in vicinity to
the farm. The regional suitability for bioenergy applications depends on the category
of residues but is generally greater in southern Togo. All suitability analyses can eas-
ily be adapted by changing the values of the underlying assumptions. It is therefore
planned to extend the models as an interactive web tool where users can directly ad-
just the values of the underlying parameters (e.g. residue collection rate, plant size).
Overall, our approach provides valuable insights into the regional bioenergy potential
in Togo and can inform policy decisions to promote sustainable development. By us-
ing chemical component analyses and crop production data, we were able to identify
suitable regions and residues for bioenergy applications and calculate the availability
of substrate for biogas or pyrolysis production.

Keywords: Bioenergy, crop production data, GIS, technology suitability maps, Togo
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Evaluation of waste management in southwestern Nigeria for
clean environment, circular economy and agri-food systems

development
OPEYEMI ANTHONY AMUSAN

University of Ibadan, Amiesol Resources Konsult / ERK Energy GmbH, University of
Ghana Business School, Nigeria

Poorwastemanagement results in environmental, ecological and socioeconomic prob-
lems in Southwestern-Nigeria. Attempts at managing waste through burning can
lead to climate change while landfill leachate reduces soil and ground water qual-
ity. Hence, the need to look for better alternative. This research looks at the current
challenges in the waste management system in Southwestern-Nigeria and proposes
a more contemporary system that will move the region towards attaining a circu-
lar economy. Environmental Kuznets Curve hypothesis provided theoretical frame-
work. Purposive sampling of major landfills in Lagos, Ogun, Oyo, Osun, Ondo, Ekiti
States and waste generation pattern using structured questionnaires (210) on spatial
variation, challenges and prospect of waste management practices. The results were
validated at expert workshop for key officials within the waste management indus-
try(30). Data were analysed using descriptive and inferential statistics. Waste Habits
of Nigerians were 57.0% organic/food-waste, 27.0% plastics, 5.0% glass, 5.0% metal
and 4.0% others, ending up mostly on landfills/dumpsites. Only 28.1% separated
waste at source and 46.2% used private collection services. The major waste manage-
ment challenges were pollution and health risks (69.1%), limited resources(44.8%),
lack of technical skill(23.8%) and inadequate management skill(18.1%). As part of
waste management practices, 95.2% were willing to participate in circular economy,
94.3% supported polluter pays principle and 96.2% supported dissemination of pub-
lic information on Waste-to-Energy. Waste management challenges significantly in-
fluenced health issues and pollution (𝑝 = 0.048). From the current linear economy to
circular economy, there is a need for a paradigm shift in the product economy regard-
ing the curtailing of environmental impact and waste-of-resources through increased
efficiency at all stages. With a circular economy, waste is seen as a viable resource
and not an undesirable end product of society. Waste is seen as input material for the
creation of valuable products as new outputs for agri-food systems development. For
this to be successful, all hands must be on deck and all stakeholders actively involved.
There must be seamless synergy in the products development, infrastructure, equip-
ment and services sector with the conventional waste managers rightly supported to
take the driver’s seat. The government has a role in creating an enabling environment
and stimulating demand.

Keywords: Agri-food system, circular economy, clean environment, waste habits,
waste management challenges
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Potential water harvesting sites for groundwater recharging
using remote sensing and GIS for modern irrigation scheme
MOHAMMED ISMAIL ADAM1, ABDALLA GUMAA FARWA2, JAMAL MARDA ABDO2

1Ministry of Water Resources, Irrigation and Electricity, Sudan
2Khartoum University, Sudan

Groundwater uses for modern irrigation purposes is a new trend in differ-
ent countries in the world nowadays. The use of groundwater for these pur-
poses normally is linked with different problems especially when it is over-
extracted. Third-world countries are suffering lack of clean water compared
to developed ones. In addition to that many conflicts around the world hap-
pen because of water resources. Moreover, due to climate change the prob-
lem will extend in the future, therefore more efforts are needed from inter-
national organisations. The high climatic variation prone to unreliable rainy
seasons leads to droughts and desertification. Besides climatic, the poor poli-
cies help in the deterioration of water resources. Shortage of drinking water
for human activity, livestock, and irrigation is a mean problem in different
regions of Sudan. So the collection of rainfall water is one important water
resource management in Sudan. This was achieved by designing and con-
structing small dams, Hafirs, and groundwater wells to solve the problems.
During the last decade space-borne and airborne remote sensing technolo-
gies with geographic information systems (GIS) are widely used in water re-
sources management. Nowadays satellite remote sensing has the possibility
to provide wide coverage of variables such as precipitation, land cover, digi-
tal elevation, soil moisture, and vegetation change that are important inputs
to modern hydrological models. The combination of surface and subsurface
data in the decision support matrix to achieve the best site selection is used.
In weighted overlay analysis rank values are assigned for each class of all the-
matic data layers according to their influence on groundwater recharge and
factor-weighted values are assigned. Finally, the accuracy of sites being de-
termined in GIS Software by field check verification shows that GIS is power
full, cheap, and simple tool for quick decision take.

Keywords: Artificial recharge, GIS, remote sensing, salt-water/fresh-water
relations, Sudan, water supply
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An analysis of the cost-effectiveness of solar-powered
irrigation systems in Côte d’Ivoire

NATASCHA SCARFF1, GÖTZ UCKERT2, JOHANNES MUNTAU3,
MICHEL PEUDRÉ DIGBEU3, STEFAN SIEBER2

1Humboldt-Universität zu Berlin, Thaer-Institute of Agricultural andHorticultural Sci.,
Switzerland

2Leibniz Centre for Agric. Landscape Res. (ZALF), Sustainable LandUse inDeveloping
Countries (SusLAND), Germany

3German Agency for International Cooperation GmbH (GIZ), Water and Energy for
Food (WE4F), Côte d’Ivoire

Food insecurity, malnutrition, and poverty remain pervasive problems inCôte d’Ivoire
(CI). Improving agricultural productivity through irrigation development is consid-
ered a potential solution to help address these challenges, however, this approach re-
quires energy. Solar-powered irrigation systems (SPISs) have gained global attention
as a clean energy solution for irrigation. Nonetheless, the adoption of SPISs in CI is
contingent on their cost-effectiveness in comparison to conventional irrigation systems
powered by traditional energy sources. This study assessed the cost-effectiveness of
a small-scale SPIS relative to a comparable diesel-powered irrigation system (DPIS)
for a single case in Gbandokaha, northern CI, using crop and site-specific input data
for requirements under semi-arid conditions. Using a modelling approach, only the
anticipated cost differences between the SPIS and the DPIS were estimated and com-
pared. The analysis included financial life-cycle costs (LCCs) aswell as environmental
LCCs from carbon dioxide (CO2) emissions. LCC estimates were informed by sizing
the power units of both irrigation systems for groundwater pumping for dry season
irrigation of eggplant crops on a 1 ha field. The analysis considered a 25-year assess-
ment period with varying annual diesel fuel price escalation rates (0%, 2%, and 4%)
and a discount rate of 4.38%. The study found that the initial capital cost of the DPIS
is only 54.8% of that of the SPIS. However, the lifetime maintenance and operation
costs, as well as the total LCCs of the SPIS, are significantly lower than those of the
DPIS, accounting for only 1.4–2.1% and 13.2–19.1%, respectively. The payback peri-
ods for the SPIS to achieve the same total LCCs as those of the DPIS were estimated
to be 1.4 years. Moreover, the results showed that the primary cost component of the
SPIS’s total LCCs is the initial capital cost (89.8%), while for the DPIS, it is the life-
time diesel fuel cost (84.9–89.6%). Additionally, the study revealed that adopting the
SPIS could reduce lifetime CO2 emissions by 99% compared to the DPIS. The findings
of this study offer insights into promoting solar irrigation and its implications for the
development of low-carbon emission irrigated agriculture in CI.

Keywords: Cost comparison, cost-effectiveness, Côte d’Ivoire, diesel irrigation, ground-
water irrigation, photovoltaic irrigation, solar irrigation, solar-powered irrigation
systems
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Multicriteria analysis to operationalize agri-food systems
sustainability transitions in the

water-energy-food-biodiversity nexus
JEIMY ANDREA GARCÍA GARCÍA1, LEIDY TATIANA SILVA RUÍZ1,

DIANA CRISTINA MORENO VARGAS2

1Alexander von Humboldt Biological Resources Research Institute, Colombia, Nature-
Based solutions thinking center, Colombia

2National University of Colombia, Humboldt Research Institute: Trajects, Colombia

Agroecological efficiency in natural resources use and access equally conser-
vation and enhancement of supporting, regulating, and cultural ecosystem
services have been identified as central challenges for agri-food systems. Mul-
ticriteria spatial analysis and land use zoning processes are valuable tools to
address these challenges. This study aims to prioritise crucial areas in agri-
cultural use at the Chingaza paramo complex in Colombiawith opportunities
for sustainability transitions. Three methodological phases were developed
through a multicriteria spatial analysis using the ArcGIS Pro software and
Corine Land Cover methodology in 2022 based on available cartographic in-
formation in Colombia: (i) Landscapes prioritisation based on criteria iden-
tification (n=11), (ii) Development of a baseline concerning multifunction-
ality categories in the prioritised landscapes (n=5), (iii) Selection and val-
uation of areas in agri-food systems sustainability transitions expressed in
land cover at a scale of 1:25,000, applying exclusion (n=4), and valuation ar-
eas criteria (n=6). Our research situates the Siecha River micro-basin area
(2068.16 ha) with Orobioma andino and Paramo Altoandino eastern moun-
tain range ecosystem units and highlights an intermediate human footprint
index, the areas associated with potential agricultural activities (1.31%), het-
erogeneous agricultural uses (11%), and small-scale agriculture (10%) with
moderate (7.81%) and severe (3.33%) land overuse. Medium (18.17%), low
(17.07%), and very low (16.5%) sustainability categories stand out in the ar-
eas related to the provision of agri-food products. Our results suggest that
lower-value areas present opportunities for sustainable transitions through
nature-based solutions that promote recovered productive capacity and im-
prove fertility and soil stability, and water regulation. Areas with higher val-
uations also present a great potential to make visible and replicate processes
and practices that offer better opportunities for landscape sustainability. Be-
sides, it is necessary to understand crucial variables for sustainable transi-
tions, nexus, and exchanges within the areas highly associated with biodi-

Contact Address: Jeimy Andrea García García, Alexander von Humboldt Biological Re-
sources Research Institute, Colombia, Nature-Based solutions thinking center, Circun-
valar avenue N 16 - 20, 110321 Bogotá d.c., Colombia, e-mail: andreag321@gmail.com
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versity management, protection, and conservation. Strengthening different
nexus knowledge of uses in areas with similar conditions would contribute to
public policy generation in scenarios of sustainability transitions in agri-food
systems. This framework could promote specific metrics for spatial hierar-
chy in agri-food systems sustainability transitions in the Water Energy-Food-
Biodiversity nexus.
Credits: PAFD program (ZEF- IDEA agreement of the National University of
Colombia) and to the funders (DAAD and the German Federal Ministry for
Economic Cooperation and Development). (DAAD and the German Federal
Ministry for Economic Cooperation and Development).

Keywords: Biodiversity conservation, multicriteria analysis
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Unlocking the potential of biogas technology in West Java,
Indonesia: A multilevel analysis of adoption barriers and

opportunities
RICARDO SITUMEANG, JANA MAZANCOVÁ, HYNEK ROUBIK

Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of Sus-
tainable Technologies, Czech Republic

A viable method for producing sustainable energy, particularly in develop-
ing country, is biogas technology. However, the use of biogas technology has
only been partially adopted in places like West Java, Indonesia. This study
used a multilevel analysis that took into account the levels of the individual,
organisation, and institution to determine the factors impacting the adoption
of biogas technology inWest Java. This study used amixed-method approach
that included interviews with significant stakeholders and a survey of 208
farmers. The findings suggested that a lack of technical expertise andfinancial
resources, as well as insufficient assistance from the government and other
organisations, were the main obstacles to the implementation of biogas tech-
nology. Particularly, the farmers lacked the technical know-how and abilities
needed to set up and maintain biogas technology. Despite the obstacles, this
study identified several opportunities for the uptake of biogas technology in
West Java, including the potential for income generation, health benefits, and
environmental sustainability. Biogas technology can provide farmers with a
dependable source of energy and fertiliser, minimising their reliance on fos-
sil fuels and chemical fertilisers. Furthermore, the use of biogas technology
can help mitigate the negative impact of agriculture on the environment by
reducing greenhouse gas emissions and enhancing soil health.The study sug-
gests a comprehensive approach to overcome the barriers to the adoption of
biogas technology inWest Java, which involves improving technical skills and
knowledge through training programs, increasing financial support through
grants and subsidies, and enhancing government and organisational support
through policies and regulations

Keywords: Adoption, biogas, rural development, sustainability
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Towards harmonisation of biogas research: A comprehensive
systematic review of anaerobic digestion parameters and

processes
ANTOINE BERCY, HYNEK ROUBIK

Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of Sus-
tainable Technologies, Czech Republic

Anaerobic digestion is an important renewable energy technology that has
the potential to reduce greenhouse gas emissions and contribute to the de-
velopment of a sustainable energy system. However, research on anaerobic
digestion is extensive and fragmented, making it difficult to gain a compre-
hensive understanding of the technology. Therefore, this systematic review,
based on the PRISMA protocol, aims to provide a comprehensive overview of
the anaerobic digestion process, from pretreatment to gas utilisation, and the
research conducted in each step. The review involved analysing 4745 articles
and identified the following research parameters: pre-treatment (1291), reac-
tor design (949), temperature (918), H2S cleaning (894), and biogas upgrad-
ing (693). These parameters were chosen as they are requirement to conduct
anaerobic digestion and need to be planned and cannot really be changed
during process, like, for example, mixing regime can. For each parameter,
the review identified in each article the processes used. This information will
serve as a basis for future standardisation of work to increase the efficiency of
biogas research. It is important to note that the objective of this review is not
to provide an analysis of the benefits or drawbacks of each listedmethod. This
information should be covered in specific systematic reviews. However, this
review will facilitate the identification of knowledge gaps or new innovative
research. This research can help gain a better understanding of technology in
general and help new researchers understand the field. This also highlights
the urgent need for harmonisation of research to facilitate knowledge transfer
and avoid redundant work or the overlooking of potential breakthrough re-
search, while also indicating to researchers where focus should be orientated.
A better harmonisation can help automatise research findings to compare re-
sults faster while avoiding tedious and long review work.

Keywords: Biogas technology, PRISMA protocol, research harmonisation,
systematic review

Contact Address: Antoine Bercy, Czech University of Life Sciences Prague, Fac. of Tropical
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The role of groundwater as an accelerator of agricultural
transformation: Insights from the CGIAR initiative on

NEXUS Gains
CLAUDIA RINGLER, HUA XIE, RUTH MEINZEN-DICK, NICOS PEREZ

International Food Policy Research Institute (IFPRI), United States
The CGIAR Initiative on NEXUS Gains works at the critical intersection of
food, energy, and water security while preserving the environmental systems
underlying food systems in selected transboundary river basins. Among nat-
ural resources, groundwater has become increasingly critical to water, energy
and food security, climate resilience and overall environmental sustainability.
Inmany low-andmiddle-income countries, groundwater development is also
essential for agricultural and economic growth.
Accelerated groundwater development is particularly needed in Sub-Saharan
Africa where climate variability severely affects farmers’ livelihoods and na-
tional food security. At the same time, groundwater development has led
to substantial depletion and degradation of natural resources in key bread-
basket areas of the world. This presentation covers three strands of research
on groundwater that NEXUS Gains and partners are pursuing: 1) What are
tradeoffs between maintaining renewable groundwater systems and global
food security and how can we reduce the costs of these tradeoffs? 2) What is
the potential of groundwater development for economic growth and poverty
alleviation in areas where development and tradeoffs are more limited? And
3)What institutions can support groundwater governance to reduce ground-
water depletion and degradation?
Our results suggest that groundwater use will continue to grow, particularly
for irrigation, fueled by cheaper solar pumps that are becoming more widely
available. Increased groundwater irrigation is key to agricultural and eco-
nomic development in a climate crisis, particularly in Sub-Saharan Africa.
There is a strong tradeoffbetween food security andmore sustainable ground-
water development. Several options can reduce the costs of these impacts,
such as improving water management in rainfed areas, investing in agricul-
tural R&D, or adjusting diets. More effective measures on dealing with de-
pletion are starting to be developed but are unlikely to affect depletion in the
near- to medium term.

Keywords: Food security, governance, groundwater, irrigation
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Leveraging agroecological transitions: Experiences from the
CGIAR initiative on agroecology

MARCELA QUINTERO1, VERONIQUE ALARY2,4, SARAH FREED3, AYMEN FRIJA4, LISA
FUCHS5, SARAH JONES1, CHRISTINE LAMANNA5, GUILLERMO ORJUELA1,

SIMONE STAIGER1, CLAUDIA TRISTAN1
1The Alliance of Bioversity International and CIAT, Colombia
2SELMET, CIRAD, INRAE, Institut Agro, Université Montpellier, France
3World Fish, Cambodia
4International Center for Agricultural Research in the Dry Areas (ICARDA), Tunisia
5Center for International Forestry Research-WorldAgroforestry (CIFOR-ICRAF), Kenya

Agroecology is defined by a set of principles that can enhance food system re-
silience, equity, and sustainability. These principles imply changes in the way
food is produced, how farmers are connected to the rest of the food system,
and how food reaches consumers.
The CGIAR Initiative on Agroecology works in “Agroecological Living Land-
scapes” (ALLs), where diverse food system actors are convened to work to-
wards commonly agreed agroecological transition pathways with focus on:
i) evidence building, assessing what agroecological innovations work best,
where, why, and for whom, ii) agroecological business opportunities and fi-
nancial mechanisms for local enterprises, iii) strategies and action plans that
encourage, and support behavior change oriented to agroecology, and iv)
suitable agroecological policies and policy integrations.
Examples from three countries showcase how systemic and participatory ap-
proaches in ALLs support different agroecological transitions:
Kenya: The ALLs, located in the Murang’a / Machakos corridor are related
to the advancement of sustainable production systems including practices
such as plant-based biopesticides, farmyard manure, terraces, water harvest-
ing and agroforestry. The transition pathway includes strengthening farmers’
networks and connectivity to markets, and the creation of inclusive business
models in prioritized value chains (mango and green leafy vegetables). This
work is connected to country-level efforts led by the Inter Sectoral Forum on
Agroecology and Agrobiodiversity (ISFAA) to develop a national agroecol-
ogy policy.
Tunisia: The transition pathway focuses on various production systems that
interplay in the ALL situated in the transect El Kef-Siliana: Crop-livestock,
olive agroforestry, and honey and carobs systems. Innovations aim at crop
diversification and rotation, feed management to cope with forage scarcity
during dry periods, input reduction, and recycling, coupled with business

Contact Address: Marcela Quintero, The Alliance of Bioversity International and CIAT,
Km 17 Recta Cali-Palmira, 763537 Cali, Colombia, e-mail: m.quintero@cgiar.org
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model improvements (I.e., valorizing the Tunisian olive oil in the market).
Like Kenya, the initiative supports the development of a national strategy, in
this case for crop-livestock systems.
Peru: The focus of the ALL located in Ucayali is to enhance the sustainable
production of organic cocoa systems including agricultural diversification of
smallholders faming, increased inclusivity of the current business models,
and scaling the approach in the region with greater support from policy mak-
ers and investors. In support of the transition, ALL actors agreed to explore
carbon markets as a complementary financial strategy for the transition.
The initiative developed and now applies a Holistic Localized Performance
Assessment Framework comparing the status of agroecological principles
across contexts and setting a baseline formonitoring progress. Studies of past
agroecological initiatives in the ALL regions distil the key determinants for
behavioural change.

Keywords: Agroecology, agroecological transitions, Global South
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Applying a social equity approach to transformative
adaptation: Minimising trade-offs between environmental

and socio-economic outcomes
ANA MARIA LOBOGUERRERO1, JON HELLIN2, SABRINA ROSE3

1The Alliance of Bioversity International and CIAT, Italy
2International Rice Research Institute, Sustainable Impact, Philippines
3The Alliance of Bioversity International and CIAT, Colombia

Droughts, erratic rainfall, floods and high temperatures threaten the livelihoods of
millions of smallholder farmers. Significant effort has focused on climate risk man-
agement, including the promotion of climate-resilient agriculture, directed at partic-
ularly vulnerable people and areas. Innovative technological interventions are critical
but the enabling social, institutional and governance environment drives the transfor-
mative process. Climate risk management may, however, result in trade-offs between
environmental and socioeconomic outcomes. An example is ‘maladaptation’ whereby
interventions (inadvertently) create, redistribute and/or reinforce inequality and vul-
nerability. Maladaptation is at odds with ‘leave no one behind’. This brings to the
fore social equity that relates to responsibility for and distribution of climate impacts
and policies across society, generations and genders, including in terms of who par-
ticipates in and controls decision-making.
Adopting a social equity approach enables agricultural researchers to consider how
social difference and associated inequalities, including gender, may shape vulnerabil-
ity and may influence people’s access to innovations to build resilient and improved
livelihoods. It, hence, contributes a deliberative transformation to just, equitable and
resilient food systems. We illustrate this with examples from i) climate finance, ii)
policy pathways and iii) climate information services. Farmer adoption of climate-
resilient agriculture is stymied by risk and farmers’ risk aversion. We report on Risk-
Contingent Credit (RCC), a linked financial product that embeds within its struc-
ture an insurance protection which, when triggered, offsets loan payments due to the
lender. RCCmitigates drought-related agricultural risks and provides access to credit
for smallholder farmers, requiring minimal collateral.
Policy pathways research combines future scenarios (based on integrated modelling
of the agriculture sector) with expert input on relevant policy objectives. The latter
is designed to ensure that key stakeholder groups, whose voices may not be read-
ily heard in policy settings, are active participants in discussions around integrated
modelling. Lastly, The Zambia Drought Management System (ZADMS) is a satellite-
based online resource that provides farmers, extension workers, and agriculture and
water resources authorities the information needed to forecast, monitor, and manage
drought. It provides (sub)seasonal and seven-dayweather forecasts; monitoring tools
to indicate when drought is present; and district-level agricultural contingency plans.

Keywords: Climate change, gender, resilience, social equity, trade-offs
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Navigating climate mitigation in global food systems:
Insights from CGIAR

MARY EYENIYEH NGAIWI, NICOLAS HOYOS, ROBERT ANDRADE, MARIA DEL MAR
ESPONDA, ELIZA VILLARINO, AUGUSTO CASTRO-NUNEZ

The Alliance of Bioversity International and CIAT, Colombia

Food systems provide critical food and nutritional security, livelihoods, and
socio-economic benefits, as well as negative externalities such as emissions
from the land use change sector. The new IPCC report makes grim reading,
and the urgency for accelerated climate mitigation has never been clearer.
Increasingly, the US$12 trillion global food system is in the spotlight, con-
tributing 21–37% of global greenhouse gas (GHG) emissions (72% of which
from the Global South). The substantial share of GHG emissions attributed
to the global food system, alongside its adverse impacts on food produc-
tion, hunger, and poverty, underscores the pressing need for identifying vi-
able pathways for catalyzing transformative changes in food systems. The
Paris Agreement (PA) target of limiting global temperature increases to 1.5°C
was a critical milestone in catalyzing systems change. The commitment of
all nations, including Paris Agreement’s signatories from the Global South,
to reduce greenhouse gas emissions highlights the importance of collabora-
tive efforts, especially in sectors like agriculture and food systems. In such
context, this presentation aims at shedding light on the extent of CGIAR’s
role in driving low emissions transformative change within the global food
system. Specifically, we analyse CGIAR research publications, innovations,
and current portfolio of initiatives to critically assess its contributions to cli-
mate change mitigation and low emissions development. Special attention
is directed towards CGIAR’s Research Initiative on Low-Emission Food Sys-
tems,Mitigate+. This initiative alignswith the evolving global climate change
frameworks, moving away from the Kyoto Protocol’s differentiatedmitigation
commitments, wherein only developed countries were mandated to reduce
emissions, towards the more universally applicable approach of the Paris
Agreement, which urges global response to climate change in the context of
sustainable development and poverty eradication.

Keywords: CGIAR, climate change mitigation, low emissions food system,
low-emissions development
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Responsible digital innovation in agri-food systems: Ethical
and equitable transformation for sustainable agriculture

JAWOO KOO1, ANDREA GARDEAZABAL2, JONATHAN STEINKE3
1International Food Policy Research Institute (IFPRI), United States
2International Maize and Wheat Improvement Center (CIMMYT), Mexico
3The Alliance of Bioversity International and CIAT, Digital Inclusion, Italy

Responsible digital innovation in agri-food systems refers to the ethical and sustain-
able development, implementation, and use of digital technologies to enhance agricul-
ture and food production while considering the well-being of farmers, consumers, the
environment, and society as a whole. It involves a thoughtful and conscientious ap-
proach to adopting digital solutions that address the specific needs and challenges of
the agri-food sector, while minimising potential risks and negative consequences. Key
aspects involve ethical use of data; equitable access to digital technologies and their
benefits; prioritising digital solutions that contribute to sustainable agricultural prac-
tices, resource conservation, and environmental protection; co-creation and human-
centred design; relying on research-based evidence to guide the adoption and scaling
of digital innovations; interoperability and common standards fostering integration
and data re-use; and responsible business models that prioritise social and environ-
mental benefits alongside economic gains.
The Digital Innovation Initiative spearheaded by a team of 70 scientists in collabo-
ration with local partners is committed to generating research-driven evidence that
comprehends the mid and long-term implications of digital solutions. This implies
researching on ethical considerations, biases, divides, accessibility, affordability, in-
teroperability, and inclusivity of existing and future digital innovations in agri-food
systems.
The session will showcase the progress of some of the case studies we have across the
focus regions. These include a partnership with Farm Radio International, leverag-
ing Artificial Intelligence to amplify extension services and empower 12 million sub-
Saharan African farmers to voice their concerns. Scaling and adapting the digital diet
quality monitoring developed in Rwanda for use in other regions. Additionally, an
exploration into data wallets for small-holder farmers seeks to better understand the
potential for data ownership as an asset in Mexico and India, while a digital twin
approach in Southern Africa engages water resource management authorities to facil-
itate equitable resource allocation through efficient environmental flow management,
water quality enhancement, and drought risk mitigation.

Keywords: Agri-food systems, data ownership, digital twins, equitable transforma-
tion, ethics, responsible digital innovation, sustainable agriculture

Contact Address: Jonathan Steinke, The Alliance of Bioversity International and CIAT, Digital
Inclusion, Rome, Italy, e-mail: j.steinke@cgiar.org

754 ID 1005



Advancing a demand-driven research portfolio to improve… — Oral Presentations

CGIAR initiative on rethinking food markets: An overview
and an example of preliminary results from Ethiopia

NICHOLAS MINOT
International Food Policy Research Institute (IFPRI), United States

Food markets in developing countries are under pressure to provide more
nutritious foods at affordable prices while ensuring environmental sustain-
ability and a fair return to farmers, particularly small-scale farmers. This pre-
sentation describes the CGIAR Initiative on Rethinking Food Markets. This
Initiative is collaborative programme of applied research designed to iden-
tify interventions in food value chains that will reduce poverty, promote in-
clusion, and minimise environmental impact. Seven CG Centers are working
on food value chains to test promising innovations and gather rigorous evi-
dence of their impact on key outcome variables. The Initiative is divided into
four work packages (WPs). WP1 focuses on testing interventions to improve
value chains for export commodities, whileWP2 carries out similar studies on
food commodities marketed domestically. WP3 examines cross-commodity
services such as finance and logistics. And WP4 is also building a knowl-
edge platform to share resources, tools, and results related to the analysis of
food markets. The case studies are located in Honduras, Guatemala, Nige-
ria, Uganda, Ethiopia, Uzbekistan, and Bangladesh. The presentation also
provides preliminary results of one subcomponent of the Initiative that ex-
plores the impact of exchange rate controls in Ethiopia on farmers growing
coffee, sesame, and other export crops. Exchange rate controls reduce the
local-currency value of export revenue, acting as a tax on export commodities.
This analysis shows the impact of this policy on farm income and, indirectly,
on rural poverty. The results confirm that macroeconomic policies can have
powerful effects on individual commodity sectors, potentially overwhelming
programmes to strengthen value chains.

Keywords: And exchange rate, exports, finance, food, logistics, marketing,
value chains

Contact Address: NicholasMinot, International Food Policy Research Institute (IFPRI),Wash-
ington, United States, e-mail: N.MINOT@CGIAR.ORG

ID 1006 755





Research cooperation for sustainable
development (BMBF/DLR session)

Oral Presentations
KIRSTEN KIENZLER, MIKHAIL RUSAKOV:
Research cooperation for sustainable development
(BMBF/DLR session) 758

757



Institutions

Research cooperation for sustainable development
(BMBF/DLR session)

KIRSTEN KIENZLER1, MIKHAIL RUSAKOV2
1DLR-Projektträger, Abteilungsleiterin Zusammenarbeit mit Staaten des Östlichen Eu-
ropas (ohne EU), Südkaukasus, Zentralasien, Germany

2DLR-Projektträger, Wissenschaftsreferent, Germany
The Federal Ministry of Education and Research (BMBF) promotes research coopera-
tion between German research institutions and its partners around the world. One
of the central objectives of such promotion is the development of contributions to
solving societal and global challenges, resulting in a wide range of funded research
projects. Among the priorities of research funding is the advancement of research on
questions related to the UN-SDGs. In this context, the BMBF promotes the interna-
tional research cooperation presented here from the thematic priorities of biodiversity
research, environmental research, energy supply and research on the sustainable se-
curity of food resources. In the context of recent geopolitical developments (keyword
“Zeitenwende”), cooperation with scientists from the South Caucasus and Central
Asia has become even more important. In addition to this, these regions offer excel-
lent research opportunities for developing regional solutions to global challenges, even
in a global comparison. In the “Research Cooperation for Sustainable Development”
session, four BMBF-funded research projects are presented, followed by a discussion
between researchers on the opportunities and relevance of involving young scientists
in state-of-the-art research specifically in the field of sustainability. In addition, cur-
rent activities and research funding programs of the BMBFwith a focus on the regions
of non-EU Eastern Europe, South Caucasus and Central Asia are presented in the ses-
sion.
With contributions and project examples by:

• Dr. NilsHein, Leibniz-Institute for theAnalyses of BiodiversityChange (ZFMK,
LIB), Berlin: Project CaBOL - Caucasus Barcode of Life - Assessing the Biodi-versity
of the Caucasus

• Dr. KarstenRinke, Helmholtz-Centre for Environmental Research (UFZ),Magde-
burg: Project SEVAMOD2 - Establishing knowledge-based management for the largest
lake in the Caucasus (Lake Sevan, Armenia)

• Dr. Irina Hopp, Justus-Liebig-University Gießen: Project TRANS-
LIVESTOCK - Challenges and opportunities for value chains in trans-border livestock
trade be-tween Tajikistan and Uzbekistan

• Dr. Paul Bertheau, Reiner-Lemoine-Institute (RLI), Berlin: Project Green-HyRECA
– Production potential of green hydrogen in Central Asia

Contact Address: Mikhail Rusakov, DLR-Projektträger, Wissenschaftsreferent, Bonn, Ger-
many, e-mail: mikhail.rusakov@dlr.de
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Payments for ecosystem services: win-win solutions?
(BMZ/GIZ session)

CLAUDIA RINGLER
Session chair, International Food Policy Research Institute (IFPRI), United States

Five out of six farms in the world are operated by smallholder farmers who
produce around a third of the world’s food. These farms provide a wide
range of additional ecosystem services, such as carbon storage, pollination
as well as cultural and supporting services. However, smallholder farm fam-
ilies face continued and often growing challenges to eke out a living from
their farms and tend to be the poorest and most food-insecure populations
in low-and middle-income countries. There is evidence that payments for
ecosystem services can diversify smallholder earnings and incentivize more
sustainable farming and landmanagement practices. While a number of such
smallholder focused schemes have been implemented around the world, they
have, by and large, not gained sufficient traction to make a difference for farm
incomes or environmental outcomes.
This second seminar of the CGIAR Policy Seminar Series on Strengthening
Food Systems Resilience (https://www.ifpri.org/spotlight/cgiar-seminar-
series-food-systems-resilience) examines past and ongoing ecosystem service
payment schemes targeted at smallholders, evaluates their effectiveness and
impacts and explores how such schemes could be taken forward if they are to
become a key building block in building greater resilience into food systems.
Speakers include:

• Johan Swinnen, IFPRI Director General, Managing Director of CGIAR
Systems Transformation Science Group

• Felicitas Röhrig, Senior Policy Officer, Division of Agriculture and Rural
Development

• Marcela Quintero, Associate Director General, Research Strategy and
Innovation for the Alliance of Bioversity and CIAT; Senior Director Food
Systems Transformation Science Group

• Claudia Ringler, IFPRI, Director of Natural Resources and Resilience

Contact Address: Claudia Ringler, International Food Policy Research Institute (IFPRI),
1201 Eye Street NW, 20005 Washington, United States, e-mail: c.ringler@cgiar.org
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Leveraging human rights-based action towards equitable
food systems

MAJA CLAUSEN1, DR. LISA JÄCKERING2
1Federal Ministry of Food and Agriculture (BMEL), Division 123, Research and Inno-
vation, Coordination of Research Area, Germany

2FederalMinistry of Food andAgriculture (BMEL),Division 624, International Projects,
Twinning, Germany

The German Federal Ministry of Food and Agriculture (BMEL) is committed
to promote the transformation towards resilient and rights-based food sys-
tems globally.
Strengthening the realisation of the right to adequate food, BMEL established
several funding instruments of global reach, such as the “Research Coopera-
tion for Global Food Security and Nutrition”. Through this instrument, prac-
tice oriented trans- and interdisciplinary research projects contribute to im-
proving global food security and nutrition, with a particular focus on small-
scale farmers in the target regions Sub-Sahara Africa, South and Southeast
Asia. The projects co-create needs-oriented knowledge and strengthen local
capacities while also elaborating inputs for policy makers and promoting the
interaction between relevant actor groups. The Federal Office for Agriculture
and Food (BLE) acts as project executing agency.
In addition, the human right to adequate foodguides the engagement of BMEL
in the Bilateral Cooperation Programme and the Bilateral Trust Fund at the
FAO.
In the BMEL-Session, the funding instruments that support a rights-based
transformation of food systems will be presented and experiences shared by
an expert panel. Thus, revealing recommendations to drive systemic change.

1. Dr. Georges Djohy, University of Parakou, Benin, project ‘Enhancing
women’s agency in navigating changing food environments to improve
child nutrition in African drylands (NaviNut)’.

2. Sarah Luisa Brand, Food and Agriculture Organisation of the United
Nations (FAO).

3. Dang To Kien, Social Policy Ecology Research Institute (SPERI), Viet-
nam, project ‘Nutrition Intervention Forecasting and Monitoring
(NIFAM)’.

4. Dr. Andreas Gramzow, GFA Consulting Group GmbH.

Contact Address: Sunilda Terre Fornies, Federal Office for Agriculture and Food (BLE),
Div. 334 – Climate, Global Food Security, International Cooperation, Deichmanns Aue 29,
53179 Bonn, Germany, e-mail: Sunilda.Terre-Fornies@ble.de
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Strategies for enhancing productivity and resilience of pearl
millet in stress environments of Rajasthan, India

OM PARKASH YADAV
ICAR-Central Arid Zone Research Institute (CAZRI), India

Pearl millet is valued for its nutrient-rich grain for human consumption and
its green fodder and dry stover for livestock and forms the basis of livelihood
and nutritional security in arid and semi-arid regions of South Asia and sub-
Sahara Africa (SSA). Its cultivation is largely concentrated in India, Niger, Su-
dan, Nigeria, Mali, Burkina Faso and Chad and is challenged by abiotic and
biotic stresses. The purpose of this article is to consider the impact of research
strategies in pearl millet improvement targeting stress-prone Rajasthan state
of India and then to assess relevance of these strategies for western and cen-
tral Africa where pearl millet is cultivated in similar agro-climatic conditions.
Strategies to enhance the productivity in stress environments have centreed
on development of new cultivars (largely hybrids with niches areas for open-
pollinated varieties) with higher production potential and built-in resistance
to diseases. Strategic use of genetic resources from India and SSA remain the
key points in breeding of diverse hybrids and open-pollinated cultivars. A
large number of cultivars have been developed and deployed in Rajasthan
during last four decades leading to productivity increase from 254 kgha-1 in
1980 to 892 kgha-1 in 2019. Adoption of improved cultivars in highly risk-
prone arid regions of India highlights their significant role in raising crop
productivity even in marginal areas. These results have great significance to
justify similar investment is research and development efforts and policy in-
tervention in pearl millet for SSA.
Given pearl millet becoming more vulnerable to ever changing climatic con-
ditions, enhancing its resilience to drought remains the key issue. Under-
standing pearl millet response to drought and dissection of drought tolerance
physiology and phenology has helped in identifying target traits for manip-
ulation in breeding for drought tolerance. The role of adapted germplasm
has been emphasised. Hybridisation of adapted landraces with selected elite
genetic material has been found effective to amalgamate stress adaptation
and high productivity. Recent advancements in high-throughput phenotyp-
ing and genotyping platforms have made it more realistic to apply markers-
assisted selection in breeding programmes targeting drought tolerance.

Keywords: Adaptation, breeding, cultivars, drought, pearl millet

Contact Address: Om Parkash Yadav, ICAR-Central Arid Zone Research Institute (CAZRI),
CAZRI Road, 342003 Jodhpur, India, e-mail: director.cazri@icar.gov.in
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Learning processes to foster ‘localised’ innovation in food
and farming systems

BRIGITTE KAUFMANN1, ANJA CHRISTINCK †2, MARGARETA LELEA1, CHRISTIAN
HÜLSEBUSCH1

1German Institute for Tropical and Subtropical Agriculture (DITSL), Germany
2formerly: German Institute for Tropical and Subtropical Agriculture (DITSL), Germany

Food and agriculture systems are human activity systems that are created,
maintained and continuously changed, adapted and developed by “real” ac-
tors through their activities. Research that engages these actors in collabora-
tive learning processes can pave the way for effective “localisation” of inno-
vations.
The term “local” is used here to emphasise the contextuality of innovations,
i.e. their validity within a particular local configuration that is influenced
by environmental, economic and social conditions, by management strate-
gies and techniques, by organisational forms, normative ideas and other fac-
tors. Exploring the contextual factors that need to be considered when trying
to make innovation ’work’ in a particular situation requires a variety of ap-
proaches, knowledge and skills.
In our workwith the late Dr Anja Christinck, we conceptualised and used col-
laborative learning to systematically ’localise’ or ’contextualise’ innovations
so that they become meaningful and relevant to real world actors in their re-
spective local contexts. In this paper, we show that different types of innova-
tions need to be contextualised to different degrees, depending on whether a
first, second or third learning loop is required to integrate an innovation into
an activity system.
Effective contextualisation of innovation processes must start with the iden-
tification of all relevant actors in a human activity system and their clearly
defined active participation in the collaborative research process. The knowl-
edge of the different actors is integrated, i.e. explicit knowledge is shared and
an attempt is made to make explicit tacit knowledge that is normally embed-
ded in activities and processes. Co-creation of knowledge can be achieved by
experimenting with new technological options, processes or organisational
structures in the local context so that new knowledge is put into practice.
Conceptualising this process helps to advance the scientific understanding
of innovation processes in food and farming systems.

Keywords: Collaborative learning, contextualisation, innovation, low exter-
nal input systems

Contact Address: Brigitte Kaufmann, German Institute for Tropical and Subtropical Agricul-
ture (DITSL), Steinstrasse 19, 37213 Witzenhausen, Germany, e-mail: b.kaufmann@ditsl.org
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Seeds in organic farming in Indonesia: Falling through the
sieves of regulation and practice

MARTINA PADMANABHAN
Passau University, Chair of Critical Development Studies, Germany

Organic agriculture relies on agrobiodiversity to unfold the potential of site-
specific farming practices. Seeds are a central aspect of these social-ecological
artefacts as the outcome of hundreds of years of intimate interaction between
people and plants. The regulatory framework officially governing the emerg-
ing organic sector poses challenges to the procurement, exchange and han-
dling of seeds in Indonesia. Based on extended interviews with breeders,
farmers, activists and entrepreneurs in organic farming between 2017 and
2019, I reveal the contradictory seed management at the level of governance,
and politics as well as innovative practices for transformation. As Laksmana
(2023) shows, there is insufficient clarity in organic farming regulations on
what constitutes organic seeds (BSN 2016). The Law No. 12/1992 on the
Plant Cultivation System in Indonesia makes it illegal for farmers to use non-
state-registered seeds. Organic farmers run in danger to be prosecuted for at-
tempting to become more independent by storing and using their own seeds,
while the state simultaneously encourages the use of local resources in or-
ganic agriculture. On the other hand, Laksmana and Padmanabhan (2021,
87–88) demonstrate how seed sovereignty, defined as farmers’ rights to ac-
cess, reproduce, and save seeds (Kloppenburg 2010) becomes central to farm-
ers identifying and engaging with the concept of food sovereignty. Thinking
through different concepts of seed governance aligned to private property,
stewardship and commons, I juxtapose the regulatory ideas with the prac-
tices and imaginaries of practicing farmers, activists and breeders to throw
light on the contradictory and potentially harmful environment disincentiviz-
ing agrobiodiversity maintenance and use.

Keywords: Agrobiodiversity, breeding, Indonesia

Contact Address: Martina Padmanabhan, Passau University, Chair of Critical De-
velopment Studies, Dr.-Hans-Kapfinger-Straße 14b, 94032 Passau, Germany, e-mail:
martina.padmanabhan@uni-passau.de
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Pearl millet breeding for agroecology: Biodiversity
considerations in West Africa

EVA WELTZIEN1, KASSARI ANGO2, INOUSSA DRABO3, GHISLAIN KANFANY4,
MOUSSA DAOUDA SANOGO5, AHMAD ISSAKA6, H. FREDERICK W. RATTUNDE7

1University of Wisconsin-Madison, Agronomy, United States of America
2INRAN, Centre Maradi, Niger
3INERA, Pearl Millet Program, Burkina Faso
4ISRA, Pearl Millet Program, Senegal
5IER, Pearl Millet Program, Mali
6INRAN, Pearl Millet Program, Niger
7University of Wisconsin-Madison, Agronomy, Germany

Agroecology as a movement and a science uses environmental and social
principles for guiding food system transformation. The biodiversity prin-
ciple addresses the maintenance and enhancement of genetic resources for
functional diversity in agroecosystems over time and space. The agroecolog-
ical movement, while focusing on strengthening farmers’ seed management
options, rarely uses support from scientific breeding. This study seeks to un-
derstand how national breeding programmes in West Africa address biodi-
versity issues relevant to agroecological transformation. Semi-structured in-
terviews with pearl millet breeders, farmer-organisation and NGO represen-
tatives from Senegal, Mali, Burkina Faso and Niger provided the data for this
study. All breeding programmes are collaborating with farmers to identify
preferred traits and set priorities for variety development for specific agroe-
cologies or uses. All of these programmes use local germplasm as the base
for their breeding populations,and are thus contributing to conservation of
these genepools. They also introduce new genetic diversity for new resis-
tances to biotic and abiotic stresses. All breeding programmes evaluate their
new selections in collaboration with farmer organisations, and thus support
decentralised farmer decisionmaking for seed production and dissemination.
These findings show that breeding programmes and agroecology activists
share many concerns. Thus, there is a solid basis for enhancing biodiversity
through more direct collaboration between farmers, activists and pearl millet
breeders in West Africa. These opportunities will be discussed.

Keywords: Plant breeding, Pennisetum glaucum, West Africa

Contact Address: Eva Weltzien, University of Wisconsin-Madison, Agronomy, Madison,
United States of America, e-mail: eva.weltzien@gmail.com
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Nature´s contributions to sustainable agriculture in tropical
landscapes

JOSÉ ANDRÉS RODRIGUEZ ZUMBADO
International Union for the Conservation of Nature, Science Team, Costa Rica

Land use and land cover change (LUCC) is a primary driver of biodiversity
loss in tropical landscapes, with annual and perennial non-timber crop pro-
duction accounting for a significant proportion of threats to endangered ver-
tebrates worldwide. Species rich tropical forest provide often ignored valu-
able services to food production systems and although the links are not al-
ways evident, these services represent the basis for alternative ways of pro-
ducing food. Agroecology, farming systems that apply ecological concepts
and principles, contributes to climate change mitigation by reducing emis-
sions, recycling resources and prioritising local supply chains, and provides
a balance between productivity and biodiversity conservation. The Interna-
tional Union for Conservation of Nature (IUCN)´s Red List of Threatened
Species (RL) is the world’s largest and most comprehensive data source on
the conservation status of species for global biodiversity. Derived knowledge
tools from the RL, such as the Species Threat Abatement and Recovery met-
ric (STAR), the Red List Index (RLI) and the Integrated Biodiversity Assess-
ment Tool (IBAT), are all built from this knowledge to provide updated, sci-
entifically robust and standardised information for conservation action and
sustainable development decision making. Particularly useful is the freely
accessible geospatial information from the RL that is available for every as-
sessed species. A scenario development will be performed using information
from IUCN RL to identify species grouped by functional guild (pollinators,
seed dispersers, predators, etc) and modelled to obtain maps of ecosystems
services provisioning to surrounding agricultural landscapes. The objective
of this case study is to highlight the vital contributions that biodiversity in
tropical landscapes provide to food production systems in a spatially explicit
manner. Special attention will be given to Endangered species that are na-
tional endemics, to showcase the critical role they play in sustaining human
societies and the need of adapting farming systems to not only reduce the im-
pacts on biodiversity but to be nature positive, creating value for humans and
for biodiversity.

Keywords: Ecosystem services, IUCN Red List, land use change, tropical en-
demism

Contact Address: José Andrés Rodriguez Zumbado, International Union for the Conservation
of Nature, Science Team, 118st, 40703 Belén, Costa Rica, e-mail: andres.rod.zumb@gmail.com
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Development of climate-smart dryland rice varieties with
consumer-preferred qualities for Ghana

FELIX FRIMPONG, MAXWELL DARKO ASANTE, PAUL KOFI AYIREBI DARTEY, FRANCIS
AMOAKO-ANDOH, KIRPAL AGYEMANG OFOSU, BENEDICTA NSIAH FRIMPONG,
CHARLES AFRIYIE DEBRAH, SYLVIA KAFUI ARTCHER, MICHAEL AKUAMOAH

BOATENG, SAMUEL ABEBRESSE, HILLARY MIREKU BORTEY, PRISCILLA FRANCISCO
RIBEIRO, AISHA KARIM, PHYLLIS ACULEY, DANIEL GAMENYAH, SOBER ERNEST

BOADU, WILLIAM LELABI KOTA, ELIZABETH NORKOR NARTEY, HUSS COLE YAMEEN,
ESTHER NSEASOM

CSIR - Crops Research Institute of Ghana, Cereals, Ghana
Ghana is a net rice importer due to a demand-supply imbalance, with a per
capita consumption of >60 kg annually. Consumers in Ghana prefer long-
grain aromatic rice that cooks fluffy but remains soft upon cooking. High-
yielding varietieswithout these grain qualities donot appeal to farmers. About
90% of rice cultivation in Ghana is done in rainfed lowland and upland ecolo-
gies, which are prone to drought stress. We report the development and plas-
ticity of three new upland rice varieties that grow well under upland and
rainfed lowland conditions and have excellent consumer-preferred cooking
qualities. These varieties have average 4 and 6MT/ha yields under upland
and rainfed lowland conditions, respectively. We found all three upland va-
rieties tasted better and more aromatic as NERICA 1 check but more appeal-
ing than NERICA 1. Lower amylose content of 24% or less was recorded
for the three upland varieties compared to NERICA 1, which was 29%. The
three upland varieties had longer panicles similar to NERICA 1 but no antho-
cyanin colouration on the petiole base or seed, ranking them 1st in terms of
appeal. All three upland varieties differ in panicle colouration at maturity,
with AG 4–18 appearing dry brown, AG 2–1 and AG 4–13 as a pale yellow.
AG 2–1 differ with lots of pubescence on panicles, paddy or the seed coat,
whereas pubescence was absent for AG 4–18 and AG 4–13. The development
of consumer-preferred rice varieties that do well under upland and lowland
conditions would facilitate the adoption of these varieties and result in the
expansion of rice cultivation under drought-prone environments in Ghana.

Keywords: Ghana, morpho-physiological traits, smart-farming, sustainable
rice, upland rice, yield

Contact Address: Felix Frimpong, CSIR - Crops Research Institute of Ghana, Cereals, Fume-
sua CSIR, P. O. Box 3785, Kumasi, Ghana, e-mail: felix.frimpong@yahoo.com
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Sustainable production of pistachios in dealing with climate
change in central plateau of Iran

NARGES SAFFAR
SIPCEM Alumni Network, Iran

The topic of sustainable production of pistachios in the face of climate change
is relevant in the context of food and agroforestry systems because pistachios
are an important horticultural and agricultural product in Iran, with a high
export value. Climate change poses a threat to the production of pistachios in
central Iran, which has a unique habitat and climate for cultivating pistachios.
In Iran, 90 varieties of pistachios are cultivated in an area of 530000 hectares, of
which about 100000 hectares are related to pistachio seedlings. Compared to
its competitors (American pistachios), Iranian pistachio nuts have the highest
amount of fat, about 56%, which, in addition to its beautiful appearance and
unique taste, has distinguished it from other pistachios in the world.
The increase in temperature, changes in rainfall volume, intensification of
drought in desert and subtropical areas, and change in the level of surface and
undergroundwater sources havemade it challenging tomaintain the produc-
tion volume and quality of pistachios. Sustainable production of pistachios in
Iran requires identifying approaches and solutions to combat climate change
including the use of low-chill cultivars, controlling pests caused by climatic
stress, and selecting the correct location for establishing new gardens.
To achieve a in achieve a high-quality product and sustainable production, it
is also important to consider growth factors and stress indicators, including
cold demand, watering rate, soil salinity, etc. in all stages from pollination
and flowering to crop growth.
By applying these measures, it is possible to achieve high-quality pistachios
and sustainable production that can contribute to food security and support
the agricultural systems in Iran.

Keywords: Climate change, dehydration, export value, Iran, low-chill culti-
vars, pistachio, Pistacia vera, sand and dust

Contact Address: Narges Saffar, SIPCEM Alumni Network, Fereshteh Azadi, 17677-
18686 Tehran, Iran, e-mail: parsnarsis@gmail.com

774 ID 276



DAAD Alumni seminar — Posters

Brazilian cabruca: Agroforestry as a pathway to biodiversity
conservation and food security for small cocoa farmers

THIAGO SABATINELLI RODRIGUES
Casa Torta Pirangi Sustainable Cocoa, Brazil

In the State of Bahia, Brazil, a traditional cocoa agroforestry system known
as “cabruca” has been contributing to the preservation of a significant part of
the original coverage of the Atlantic Forest, one of the 25 world’s biodiver-
sity hotspots. Cabruca is a diverse, dynamic and perennial system, resilient
to climate stressors when compared to conventional cocoa production and
other farming systems. Cocoa is cultivated using principles of agroforestry
and syntropic agriculture, under the canopy of the Atlantic Forest, home to
native and endemic species. The conservation of the large trees and the use
of ecological farming practices contribute to the protection of a biome which
provides valuable ecosystem services, particularly climate stabilisation, car-
bon sequestration andwater availability for agriculture. Several initiatives are
being undertaken to explore the potential of the cabrucas for the production
of premium, value-added products (organic cocoa nuts, chocolate, nibs, co-
coa honey, vinegar, cocoa pulp etc.), with a commercial value greater than the
obtained in the commodity market. Exploiting a yet untapped (and promis-
ing) market of sustainable cocoa products can not only increase the income of
families, but also improve crop diversity, access and stability of food supply
to small farmers. The preservation of cabrucas, however, depends on the revi-
talisation of old small cocoa production units, improving their processes and
products with ongoing technical assistance, scientific research, technological
development andmarketing. Agroforestry systemswith cocoa cultivation are
also an opportunity for other developing countries in Latin America, Africa
and Asia, which account for all the global cocoa production.

Keywords: Agroforestry, Atlantic forest, biodiversity, cabruca, cocoa, food
security

Contact Address: Thiago Sabatinelli Rodrigues, Casa Torta Pirangi Sustainable Cocoa,
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Online fair trade organic food market from organised civil
society

ERIKA LUCIA ARIAS RAMIREZ1, LUCERO ADRIANA BLANCO ZAMBRANO2,
LAURA CABEZAS3

1NGO Agrosolidaria Colombia, Colombia
2Agrosolidaria Colombia, Director in Teusaquillo sectional, Colombia
3Universidad del Bosque, Health and Environmental Institute, Colombia

The 2030 Agenda considers in its development objectives SDG 12 responsible
consumption and production as a model to contain deforestation rates in the
world’s tropical forests, that is, if we achieve SDG 12wewill be able to face the
recovery of ecosystems and contribute to addressing global challenges, as im-
portant as those related to those addressed in SD 13 climate action and SDG
2 zero hunger. For this, the models that are proposed from the social bases
can guarantee their sustainability, in addition they improve the governance
processes from the local level until reaching the regional models. In order to
avoid intermediation in the food value chains, 250 families with agricultural
units of less than 5 hectares located in 85 municipalities of 7 different depart-
ments in Colombia offer 150 nutritious food products, every week directly to
the centre of greatest consumption in the country, Bogota, with a weekly pe-
riodicity achieved through civil organisation, the use of computer tools and a
supportive transport network. The process that began in 2020 when the con-
finement due to COVID began in Colombia, is sustained to date, with nearly
200 urban families that supply themselves with their products based on the
principles of agroecology, organic models, artisan value-added products or
systems in transition to organic. This fair market model has contributed to
the agri-food processes strengthening consumption decisions in the city, as
well as allowing the recovery of soils and the conservation of the ecosystems
present in each of the agricultural units. In October 2021, the Health and En-
vironment research centre from El Bosque university signed an agreement
with Agrosolidaria to monitor the success of Agrosolidaria processes, taking
into account the positive impact that 950 Colombian peasant families have
organised to protect nature and their livelihoods.

Keywords: Agroecology, civil society, fair markets, farm to fork, governance,
organic food, sustainable agriculture

Contact Address: Erika Lucia Arias Ramirez, NGO Agrosolidaria Colombia, Calle 17 # 4 - 16,
Monterrey, Colombia, e-mail: monterrey@agrosolidaria.org
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Ethnobotanical study on the utilisation of wild edible
indigenous fruits in Miombo woodland of Tabora region

western Tanzania
MICHAEL ELIAS MGALULA, ANASIA ELINGAYA SARIA

University of Dar es Salaam, Mkwawa University College of Education, Tanzania
The wild edible indigenous fruits species play a significant role in the daily
life of rural people living in developing countries. They are anticipated to
have potentially nutrients, vitamins, minerals and fiber. However, the dy-
namics in land use, climate change and alteration of rural ecosystems and
landscapes values on conserving biodiversity, some indigenous fruits have
disappeared and others may be at risk of extinction. The objectives of this
project were to document the knowledge on the diversity of wild edible in-
digenous fruits, the extent of utilisation and degradation threats in West-
ern Tanzania. This research was based on extensive field surveys, land use
and cover mapping using geospatial techniques, edible fruits collection, min-
erals, vitamins and proximate analysis of five consumed species of edible
fruits, and interviews with the local people. The present study documented
51 wild edible indigenous fruits species, the most abundant are Vitex mom-
bassae 14.4%, Strychnos cocculoides 14.1%, Vitex doniana 12.2%, Phyllanthus en-
gleri 8.5%, Friesodielsia obovata 8.6%, Tamarindus indica 6.5%, Parinari curatel-
lifolia 5.3%, Grewia conocarpa 4.6% and the remaining species 0.2% - 4.0%
are rare. Of the species identified, (34.5%) are available after rainy season
(April, May and June), (31.1%) during dry season (July, August and Septem-
ber), (26.1%) before rainy season (October, November) and only (8.3%) are
available year-round. The wild edible indigenous fruits have multiple uses as
food (68.3%), medicine (19.7%), and (12.0%) are preferred as vitamin sup-
plement. The result showed mineral elements potassium, magnesium and
calcium were present in substantial amounts in most fruits ranging from 487
to 1650.2 mg/100g. Vitex doniana, Strychnos cocculoides, and Parinari curatel-
lifolia had the highest content of five mineral element (i.e. Fe, Ca, Na, Mg,
K). The fruits Phyllanthus engleri, Grewia conocarpa, Strychnos cocculoides, Vitex
doniana, and Parinari curatellifolia showed the presence of vitamin B9, A, and
C. The diseases cured using indigenous fruits in the study areas are stomach
problems, cough respiratory infection, reproductive problems, urinary infec-
tion and blood pressure. Besides that, the indigenous fruits onmiombo forest
of western Tanzania are threatened by increasing human activities 52.2% and
environmental and climate change 47.8%. Overall, the study showed that

Contact Address: Michael Elias Mgalula, University of Dar es Salaam, Mkwawa
University College of Education, P.O. Box 2513, MUCE, Iringa, Tanzania, e-mail:
mgalulamike@yahoo.com
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the fruits have substantial nutrients, minerals, essential vitamins and fiber re-
quired tomaintain health of rural communities, therefore, these fruits require
commercial markets in order to add value, and a holistic approach in the con-
servation of indigenous species with edible fruits in the forest and rangelands
is needed. By doing that, the United Nations Sustainable Development Goals
(12, 15) set by 2030 and 2063 African Development Agenda can be achieved.

Keywords: Nutritional benefits, use of edible fruits, value addition and
conservation
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Resource potential of bamboo, challenges and future
directions towards sustainable management and utilisation in

Ethiopia
HAWENI HABTAMU

Ethiopia Environmental Protection Authority, Environmental Pollution Status Moni-
toring and Control, Ethiopia

Bamboo is an important natural resource that has versatile socio-economic uses and
ecological services. As the fastest-growing and a high-yielding perennial plant of the
worldwithmore than 1500 species and 1500 versatile socio-economic uses and ecolog-
ical services. It has the potential to contribute to the bioeconomy as a source of high-
value products and environmental benefits. In the context of sustainable production
and consumption, bamboo has gained significant attention due to its potential to pro-
vide sustainable solutions for a range of industries, including food and agroforestry
systems.
In Ethiopia, bamboo resources are particularly significant as they cover one million
hectares with a wide distribution of two indigenous species, namely Oxytenanthera
abyssinica and Yushania alpina. These species constitute 67% of African bamboo and
7% of the world’s bamboo.
However, despite the socio-economic and environmental benefits of bamboo, it faces
several challenges in Ethiopia. The current pressure on bamboo resources is due to
land use changes, bamboo mass-flowering, poor processing with low-value addition,
and damage by bio-deteriorating agents such as termites, beetles, and fungi.
This case study focuses on the potential of bamboo resources in Ethiopia, the chal-
lenges faced including biodeterioration damage, opportunities, and future research
directions toward its sustainable management and rational consumption.
The case study emphasises the importance of integrated research and development in-
terventions involving different propagation and management techniques, harvesting
age and season, processing, value addition including proper seasoning and preserva-
tion technologies and marketing.
The relevance of this topic in the context of food systems and forest products is crucial.
Bamboo-based products can provide sustainable alternatives to traditional products
such as timber, which can lead to deforestation and the destruction of habitats for
various species. Bamboo can provide sustainable solutions for a range of industries,
including food systems and agroforestry systems.
Overall, the project contributes to the fulfilment of Six of the 17 Sustainable Develop-
ment Goals (SDGs), such as poverty reduction; energy; housing and urban develop-
ment; sustainable production and consumption; climate change and land degradation.

Keywords: Bamboo,Oxytenanthera abyssinica, sustainablemanagement,Yushania alpine
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Storage and distribution of soil organic carbon, total nitrogen
and CO2 emissions in semi-arid soils

CHUKWUEBUKA CHRISTOPHER OKOLO1, GIRMAY GEBRESAMUEL2, AMANUEL
ZENEBE2, MITIKU HAILE2, JEPHTER EBUKA ORJI3, CHINYERE BLESSING

OKEBALAMA4, CHINEDU EMMANUEL EZE5, EMMANUEL EZE6, PETER NDUBUISI EZE7

1Jimma University, Natural Resources Management, Ethiopia
2Mekelle University, Dept. of Land Res. Manag. and Environ. Protection, Ethiopia
3Alex Ekwueme Federal University Ndufu-Alike, Dept. of Agriculture, Nigeria
4University of Nigeria, Dept. of Soil Science, Nigeria
5Michael Okpara University of Agriculture, Dept. of Agronomy, Nigeria
6University of Education Heidelberg, Dept. of Geography ‑ Research Group for Earth
Observation (rgeo), UNESCO Chair On World Heritage & Biosphere Reserve Obser-
vation and Education, Germany

7Botswana International University of Science & Technology, Dept. of Earth &
Environmental Science, Botswana

This study aims to investigate soil organic carbon (SOC) and total nitrogen (TN) con-
tents and stocks, and CO2 emissions in croplands, grazing lands, exclosures and forest
lands of semi-arid Ethiopia. Samplingwas done at 0–30, 30–60 and 60–90 cm soil depth
and concentration and stocks of SOC, TN and selected soil propertieswere determined
using routine laboratory procedures. Therewere variations in distribution of SOC and
TN stock over 90 cm depth across land use types and locations, decreasing from top-
soils to subsoil, with average values ranging from 48.68MgC ha−1 and 4.80MgNha−1

in Hugumburda cropland to 303.53 Mg C ha−1 and 24.99 Mg N ha−1 in Desa’a forest
respectively. Forest sequestered significant higher SOC and TN stock, decreasing with
depth, compared with other land uses. In Desa’a and Hugumburda, the conversion
of forest to cropland resulted in a total loss of SOC stock of 9.04 Mg C ha−1 and 2.05
Mg C ha−1, respectively, and an increase in CO2 emission of 33.16 Mg C ha−1 and 7
.52 Mg C ha−1 yr−1, respectively. The establishment of 10-year (Geregera) and 6-year
(Haikihelet) exclosures on degraded grazing land increased SOC stock by 13% and
37% 1 respectively. Clay content and precipitation partly modulated SOC distribu-
tion, with high SOC content recorded in soils with high clay content and precipita-
tion. Exclosure establishment on degraded ecosystem has shown to be a sustainable
restoration pathway with significant improvement in soil properties and C seques-
tration. Loss of SOC stocks associated with land use conversion can be reversed in
degraded croplands with the introduction of sustainable soil management practices
(residue retention, integrated soil nutrient management, reduced tillage impact) in
view of mitigating climate change impact.

Keywords: Cambisols, land use change, soil organic carbon sequestration, soil
processes, vertisols
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Competition on land between food crop and other land use in
Indonesia
NINA NOVIRA

Universitas Negeri Medan, Geography Education, Indonesia

Indonesia has since long aimed for self-sufficiency in several essential food
commodity such as rice, sugar, and soy bean. In the course of its implementa-
tion, more focus has turned to rice than to other crop. However, after achiev-
ing self-sufficiency in 1984, the country has never been able to achieve it again.
With increasing population, competition on land is tightening. In urban and
urban fringe area, rice fields are converted into settlement or business com-
plex, while in rural area, the farmers turned to other drop considered more
profitable, such as oil palm. This study aims to discuss the competition on
land faced by food crop in Indonesia. The case study is done in three urban
fringe areas for the conversion of rice field to urban uses and in four rural ar-
eas for the conversion of rice field to cash crop. Results show that in the three
urban fringe areas, the pressure of urban area has caused the conversion of
rice field to settlement and other built-up area. In the four rural area, the per-
ception of low profitability of rice and the perception of high profitability of
oil palm has driven the conversion of rice fields into oil palm estate. There
are many other things affected the conversion of rice field to other uses, such
as the high workload of rice farming, inefficient subsidies, ineffective agricul-
tural advisor system, and the position of rice farmers as merely rice growers
in the rice production system and not rice businessmen. This will be further
discussed in the presentation.

Keywords: Cash crop, competition on land, food crop, rice field, urban uses
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Smallholders and ecological restoration: Understanding local
perspectives and priorities in southeast Brazil
MAYRA FLORES TAVARES1, PATRÍCIA GALLO2, MÉLANIE FEURER1

1University of Freiburg, Chair of Silviculture, Germany
2Technische Universität Dresden, Centre for International Postgraduate Studies of
Environmental Management (CIPSEM), Germany

Brazil’s small rural producers (RPs) play a critical role in ensuring food security, bio-
diversity conservation, and natural resource protection. However, complying with
the Native Vegetation Protection Law (NVPL), the primary legislation for ecological
restoration (ER), remains a challenge for most landowners. This study aimed to bet-
ter understand the motivations and barriers faced by rural producers when deciding
to engage in restoration activities. We conducted semi-structured interviews with 68
landowners in the working area of a local restoration NGO in Brazil’s Atlantic Forest,
out of which 31 were rural producers, making them relevant for this study.
Most of the RPs in our sample were smallholders engaged in the conventional pro-
duction of coffee and horticulture. About 90% of respondents had restored at least a
small area of native forest, primarily using natural regeneration as a restoration tech-
nique. Although agroforestry management is allowed in the restoration area, it was
not mentioned by the participants. Protecting and increasing water availability was
the main motivation for restoration, cited by 61% of respondents. However, loss of
productive land and income were the most frequently mentioned barriers to restora-
tion due to their anticipated negative impact. Almost 70% still need to restore their
land to comply with the NVPL, with Payment for Ecosystem Services (PES) cited as
the main incentive for restoration by RPs. The study results indicate that agricultural
production is the primary focus of most RPs, and their decision-making is often based
on this objective. Therefore, programmes that provide economic benefits, such as PES,
could help incentivize restoration and compliance with environmental laws. Another
incentive could be systems that generate alternative income from ER, including agro-
forestry. However, these techniques need to be promoted and analysed to assess their
suitability and acceptance in the context. In conclusion, involving RPs in the design of
ER projects is critical. This study has shown how understanding their characteristics
and perspectives can lead to better strategies to support the engagement of landown-
ers in the implementation of ER and, consequently, compliance with environmental
laws.

Keywords: Atlantic Forest, challenges,motivation, restoration, rural production, small-
scale farmers
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Effectiveness of biopesticides for aphid pest management in
wheat

NIMRA BATOOL, SHAFQAT SAEED, MUHAMMAD NADIR NAQQASH
MNS-University of Agriculture Multan, Inst. of Plant Protection, Pakistan

Wheat is a potential crop that could meet the country’s food requirements.
Insect pests are a key source of yield losses in the wheat crop. Aphids are
among the economic yield reducing major pests of wheat. Aphid manage-
ment is an essential aspect of increasing wheat yields. The cherry oat aphid,
Rhopalosiphum padi Linnaeus, green bug, Schizaphis graminum Rondani,
and corn leaf aphid, Rhopalosiphum maidis Fitch (Hemiptera: Aphididae)
are all recorded to damage the wheat crop. Insecticides are used exclusively
to control pests. Additionally, increasing applications of synthetic insecti-
cides have resulted in higher resistance and pest resurgence. Alternatively,
the use of botanicals alongwith insecticides can affect the activity of the aphid.
The current research has been planned keeping in view the importance of
managing aphid pests. The study evaluated the effectiveness of botanicals
i.e., Neem, Azadirachta indica A. Juss, Kortuma, Citrullus colocynthis Linnaeus,
Tobacco, Nicotiana tabacum Linneaus, silver nanoparticle spray, S1 bacteria
(S1B), Biopesticide (Bio-N), one insecticideAdvantage, andControl onwheat
aphid and their biological control i.e., ladybird beetle, Syrphidfly, andChrysop-
erla carnea Stephens. Field experiments was done on wheat crops in theMNS-
University of Agriculture, Multan experimental areas. Randomised complete
block design under factorial was followed with three replications. Data was
recorded before and after 24, 48, 72 and 168 hours. Research on the popula-
tion dynamics of different species of aphids revealed significant differences in
the treatments of kortuma, Ag nanoparticle, and Bio-N treatments. Therewas
a significant population of ladybird beetle/plant found in the case of kortuma
and sliver nanoparticle treatments during 2nd week of spray (𝑝 < 0.05). The
data showed that the effect of biopesticide like Ag nanoparticle, Bio-N and
kortuma was relatively better as compared to all other treatments because of
less resistance. Aphid populations were higher in the control case and certain
other biopesticide treatments like neem, tobacco and S1 bacteria after partic-
ular hours. The data obtained revealed that biopesticides had a considerably
better effect than conventional treatments because of reduced resistance and
the fact that it was produced under natural conditions.

Keywords: Aphid, biological control, biopesticides, botanicals, management,
wheat
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Quantifying contributions towards reducing species
extinction risk through sustainable agriculture in tropical

landscapes
JOSÉ ANDRÉS RODRIGUEZ ZUMBADO

International Union for the Conservation of Nature, Science Team, Costa Rica
Land use and land cover change (LUCC) is a primary driver of biodiversity
loss in tropical landscapes, with annual and perennial non-timber crop pro-
duction accounting for a significant proportion of threats to endangered verte-
brates worldwide. Species rich tropical forest provide often ignored valuable
services to food production systems and although the links are not always evi-
dent, these services represent the basis for alternativeways of producing food.
Agroecology, farming systems that apply ecological concepts and principles,
contributes to climate change mitigation by reducing emissions, recycling re-
sources, and prioritising local supply chains, and provides a balance between
productivity and biodiversity conservation.
The IUCN´s Red List of Threatened Species (RL) is the world’s largest and
most comprehensive data source on the conservation status of species for
global biodiversity. Derived knowledge tools from the RL, such as the Species
Threat Abatement and Recoverymetric (STAR), the Red List Index (RLI) and
the Integrated Biodiversity Assessment Tool (IBAT), are all built from this
knowledge to provide updated, scientifically robust and standardised infor-
mation for conservation action and sustainable development decision mak-
ing. Particularly useful is the freely accessible geospatial information from
the RL that is available for every assessed species. A scenario development
will be performed using the STAR metric to compare agricultural landscape
and forest cover to measure the contribution to reducing species extinction
risk of endangered species. The objective of the case study is to highlight the
vital contributions that sustainable agricultural practices provide to biodiver-
sity conservation in tropical landscapes in a spatially explicit manner. Special
attention will be given to Endangered species that are national endemics, to
showcase the critical role they play in sustaining human societies and the need
of adapting farming systems to not only reduce the impacts on biodiversity
but to be nature positive, creating value for humans and for biodiversity.

Keywords: Biodiversity conservation, Red List, species extinction risk, STAR
metric, sustainable farming
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The role of false banana (Ensete ventricosum) for sustainable
agriculture in Ethiopia
MELESSE ZELEKE AGEGNEHU

Debre Markos University, Dept. of Agricultural Economics, Ethiopia
Agriculture is the mainstay of the Ethiopian economy. According to the
Ethiopian Development Report (2022), it accounts for 75% of the workforce,
40% of the country’s GDP, and 80% of foreign exchange. Smallholder farm-
ingwhich ismainly characterised by rain-fed, low-input, and low-output farm-
ing systems is the major producer of food in Ethiopia. Thus, food insecurity
and poverty have largely resulted from inefficient smallholders’ agricultural
productivity due to the depletion of forests, depletion of soil quality, reduc-
tion of soil microorganisms, over-grazing, desertification (extensive drying
of the land), etc. in the country. Therefore, agriculture has to be sustain-
able in the sense that food production should be environmentally friendly.
Thus, promoting sustainable farming canmean equipping farmerswithGood
Agricultural Practices (GAPs), such as the adoption of Agroforestry systems,
planting food forests, planting covered crops, reducing or eliminating tillage,
applying integrated pest management, avoiding soil erosion, managing the
whole systems and landscapes, etc. In this regard, agro-forestry practices by
false banana trees (Ensete), as one of the staple perennial crops, contribute a
lot to soil fertility and agricultural productivity, and nutrition which in turn
improve the food security in the countryside. The False banana is a native
plant that is mostly grown in the less arid highlands of the southwestern re-
gion of Ethiopia. Nowadays, there is also potential for expanding the con-
sumption of the crop in the northwestern side of the country. Even more, the
production and consumption of false bananas play a prominent role in im-
proving life on land (biodiversity), tackling the effects of climate change on
agricultural production, and achieving zero hunger in the Ethiopian context.
Therefore, this paper discusses the contributions, opportunities, and chal-
lenges of false banana production for smallholders in performing sustainable
farming. It aims to provide information on both the benefits of false bananas
for livelihood improvement, and its current situations for further adoption &
dissemination of seedlings and planting trees in the whole areas of the coun-
try.

Keywords: Agro-forestry systems, enset, sustainable farming, zero-hunger
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Promoting food security through conservation agriculture:
A case study of intensifying sustainable farming practices

among smallholder farmers in Zimbabwe
OLIVER KUWA

Zibagwe Rural District Council, Zimbabwe
Agriculture is a significant contributor to Zimbabwe’s gross national product
(GNP), yet the country has been plagued by perennial droughts, soil degra-
dation, and limited machinery, resulting in low food production. According
to the Food andAgricultural Organisation (FAO), crop yields need to increase
threefold to feed the growing world population. Conservation agriculture,
which promotes natural ecological processes to increase agricultural yields
and sustainability byminimising soil disturbance, has been promoted by both
donors and the government resulting in the participation of more than 1.8
million farmers in Zimbabwe. The primary objective of this case study is
to investigate the hypothesis that conservation agriculture results in higher
crop yields compared to conventional farming practices. By shedding light
on how smallholder farmers in Zimbabwe can increase maize crop yields to
improve household food security and nutrition, this study seeks to encour-
age the adoption of conservation agriculture practices. This case study will
involve extensive literature reviews, key informant interviews, and field visits
to examine the factors that have contributed to the low adoption of conserva-
tion agriculture by African smallholder farmers, such as farmers’ resistance
to change, knowledge and capacity gaps, and the withdrawal of donor sup-
port. The study will also highlight the benefits of conservation agriculture in
improving food sufficiency. Investing in conservation agriculture is a suitable
approach to promoting food security in Zimbabwe. The study will contribute
to the body of knowledge on sustainable food systems by demonstrating the
potential for conservation agriculture to increase agricultural yields and sus-
tainability while minimising soil disturbance.

Keywords: Conservation agriculture, smallholders, Zimbabwe
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Forest-based bioeconomy in Argentina: Identifying social
actors and dominant, marginal and alternative discourses

JULIAN DANIEL MIJAILOFF1, SARAH LILIAN BURNS2
1National Scientific and Technical Research Council (CONICET) / Ecological and
Environmental Systems Research Laboratory (LISEA), FCAyF, La Plata National Uni-
versity, Argentina

2TU Dresden, Inst. of International Forestry and Forest Product, Germany
The expected contribution of this study focuses on the ongoing forest-based bioecon-
omy policy process in Argentina and the different visions and social actors associ-
ated with it. The concept of bioeconomy continues to spread worldwide leading to a
panoply of bioeconomy-based policies and strategies. Nonetheless, there is no consen-
sus over its definition, but rather different visions and ideas on its meaning, relating
the concept towhat can be defined as a floating signifier. As a result, local and national
bioeconomy policy agendas draws on discourses and perspectives shaped by the po-
litical struggle over its meaning. In Argentina, the dominant vision on forest-based
bioeconomy relates to a bioresource-based pro-economic growth vision relying on in-
dustrial tree plantations and promoted by the private sector and its interest groups.
However, this fixation of meaning has marginalised alternative bioeconomy visions
and actors, inhibiting the prospect of a more inclusive bioeconomy project.
The study aims to identify the different forest-based bioeconomy-related stakeholders
inArgentina, including those excluded inmainstreampublic policy debates. We apply
social network analysis techniques and discourse analysis on the base of data gathered
through documental analysis and semi-structured interviews. Preliminary results in-
dicate dominant visions promotedmainly by interest groups and twomain discursive
excluded communities: an academic complex related to biotechnology-oriented vi-
sions and civil society actors, including indigenous communities and local NGOs, as-
sociated with alternative bioeconomy visions where forest provide holistic livelihood,
including non-timber forest products.
The topic is relevant in the context of food and agroforestry systems aiming sustainable
production and consumption. The identification and recognition of different forest-
based bioeconomy-related stakeholders are essential for the development of an inclu-
sive and comprehensive bioeconomy that considers alternative visions and actors, in-
cluding indigenous communities and local NGOs. Such an approach can contribute to
sustainable production and consumption of forest-based products and services while
considering the social, economic, and environmental aspects of the forest-based bioe-
conomy.

Keywords: Agro-forestry, Argentinia, bioeconomy
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Identifying powerful actors in community forestry for
effective sustainable forest management:

A case study in Son La province
BACH NGO DUY

Vietnam National University of Forestry, Ministry of Agriculture and Rural Develop-
ment, Vietnam

Forest management is an essential aspect of sustainable forest use and con-
servation, ensuring that forests continue to provide essential ecosystem ser-
vices and products that meet human needs while also maintaining ecologi-
cal integrity. Community forestry, as a form of sustainable forest manage-
ment, has been increasingly adopted in various countries, including Vietnam.
However, the success of community forestry depends on the dynamics of so-
cial interactions among relevant actors and the context of political processes.
Communities are vulnerable to the influence of powerful relevant actors. This
study identifies 13 relevant actors involved in community forestry activities in
the research site and applies the Äctor-Centered Powertheory to calculate the
power elements of these actors, including Coercion, Incentive/disincentive,
and Dominant information. Identification of the stakeholders involving in
community forestry is based on the complete survey by doing interviewswith
selected user groups. The power elements are also examined through quan-
titative meausrements. The calculation of the power elements is relied on
the four-point ordinal scale, each stakeholder is asked and labeled respective
values based on the received information. The calculation results are cross-
checked to ensure the credibility and validity of the results. The results indi-
cate that political actors, particularly state agencies, are the most powerful ac-
tors steering community forestry process in all cases. This suggests that there
is a need to improve the effect of community forestry activities by recognising
the reality of communities managing their forests, strengthening stakeholder
cooperation, and building beneficial mechanisms for communities participat-
ing in forest management. These solutions are important not only for sustain-
able forest management but also for promoting sustainable production and
consumption into a circular economy approach, as forests play a crucial role
in providing ecosystem services and resources for local communities and con-
tributing to the global efforts in addressing climate change and biodiversity
loss, supporting support the well-being of both people and the planet.

Keywords: Community forestry, Vietnam
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Factors affecting availing of veterinary services in India:
A regional perspective

SUMIT MAHAJAN1, JANAILIN SUCHIANG PAPANG2, I. PANCHAL1, B.
SHARANAGOUDA1

1Lala Lajpat Rai University of Veterinary and Animal Science, India
2Chaudhary Charan SinghHaryana Agricultural University, Dept. of Agricultural Eco-
nomics, India

Increases in the population of crossbred cattle, whose higher productivity is
accompanied by higher susceptibility to infectious and metabolic diseases,
have been largely credited for the recent surge in growth rate of milk pro-
duction in India. This has led to a greater need for high-quality, timely, and
affordable veterinary services. Veterinarian services are primarily provided
by the government in India. Given this context, the current study’s goal was
to identify the variables influencing the use of veterinary services from vari-
ous sources. The study is based on the secondary data available from NSSO
conducted in the year 2013. Decision to use veterinary services and its choice
was hypothesised to be affected by access to veterinary services, milk produc-
tion, operational land holding, principal income source, milk price, training,
extension along with demographic factors. Considering the diversity of In-
dia, the data were divided into six regions and data were analysed for each of
six regions and at all-India level using multinomial logit method. Exposure
to extension agencies encouraged dairy producers in India to use institutional
services. The marginal sections of the society were likely to not avail veteri-
nary services, thereby affecting the productivity of the animals. Households
who produced more milk were more likely to avail veterinarian services. The
presence of veterinary hospitals/dispensaries in villages of Hills, East, and
NE regions increased the probability of avaling their services by 9%, 6%, and
21%, respectively. In the North and West regions, households with higher
milk output were more likely to use veterinarian services from both institu-
tional and non-institutional sources. In the Hills and West areas, receiving
agricultural training increased the likelihood of using institutional veterinary
services by 16% and 7%, respectively.

Keywords: Factors, NSSO, regions, veterinary services
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Food security and sustainability through geographical
indications (GIs) protection system for honeybee’s producers

communities within forest peripher
SRI OKTAVIA

Universitas Andalas, Indonesia
Connecting local farmers with their communities and their food products through
Geographical Indications (GIs) is seen as a way to create a healthy food system and
promote the growth of rural communities around the globe. The way food is made
and where it come from, how different it is and whether people nearby can get it are
important things that make a difference to sustainable food system. People in many
places around the world have developed their own unique culture by making special
food and living in a landscape that show how they use the land to make what they
need. GI grants its holder a certification mark indicating that the specified product
has the same qualities and is well-known due to its origin in the specified geograph-
ical location. Because GIs products tend to generate a premium brand price, they
contribute to local employment creation, which ultimately may help to prevent rural
exodus. Further, GIs may bring value to a region not only in terms of jobs and higher
income, but also by promoting the region as a whole. In this regard, GIs may con-
tribute to the creation of a “regional brand.” This research aims at identify, inventory
and map potential GIs honeybee products in Ujung Kulon National Park, Indonesia.
GIs are more than just a name or a symbol. They reflect a reputation strongly linked
to geographical areas of varying sizes, thus giving them an emotional component. A
geographical indication’s reputation is a collective, intangible asset. In recent years,
the rate of GIs in Indonesia has increased notably, marked by annual increase in reg-
istration at the Directorate General of Intellectual Property Rights, Ministry of Law
and Human Rights of the Republic of Indonesia. In contrast, if we look from the per-
spective of potential wealth of GIs products found in Indonesia, only a few are legally
registered. As of March 2023, there have been 123 products, including 112 domestic
products and 11 foreign products registered with GIs in Indonesia. To achieve the re-
search objectives, two research questions have been addressed: (a) how the GIs can
be protected trough legal framework both in international arena as well as in the In-
donesian context?, (b) how to identify, inventory and map the potential GIs honeybee
product in Ujung Kulon National Park?. This research is empirical legal research and
employs socio-legal approach.

Keywords: Forests, honeybee, Indonesia
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Socio-economic and ecologic factors for mobility of herder
households in Mongolian steppe

GANZORIG GONCHIGSUMLAA1, SUGAR DAMDINDORJ1, BUMANJARGAL
GOMBODORJ1, IRENE RING2, ULAN KASYMOV2, MARION MEHRING3,

NANDINTSETSEG DEJID4, TSERENDAVAA TSEREN1, LUKAS DREES3, DENISE
MARGARET MATIAS5, THOMAS MUELLER4, YUN JÄSCHKE6

1Mongolian University of Life Sciences (MUL), Dept. of Statistics and Econometrics,
School of Economics and Business (SEB), Mongolia

2TU Dresden, International Institute Zittau, Germany
3ISOE – Institute for Social‑Ecological Research, Senckenberg, Biodiversity and Climate
Research Centre SBiK-F, Germany

4Senckenberg Biodiversity and Climate Research Centre, SBiK‑F, Germany
5Eberswalde University for Sustainable Development, Fac. of Forest and Environment,
Germany

6Senckenberg Museum of Natural History Görlitz, Germany

Mobile grazing has been identified as a superior environmental practice com-
pared to sedentary grazing. This study examines the factors influencing herder
mobility in Mongolia, considering the impact on rangeland degradation and
environmental health.
InMongolia, the number of livestock has increased significantly over the years,
leading to overgrazing and environmental degradation. Studies have shown
that approximately 70 percent of the grasslands in Mongolia have been de-
graded. The reduction in herder mobility since the 1990s, when Mongolia
transitioned to a market economy and privatized livestock, has been influ-
enced by social, economic and ecological factors such as increasing poverty,
the increasing livestock density, declining terms of trade, lack of social ser-
vices, and the loss of formal regulatory institutions. The research aims to ad-
dress the the factors that affect to the herder household mobility in nomadic
and pastoral livestock husbandry in Mongolia.
The semi-structured survey questionnaire was conducted at 11 coresites in
four provinces of Mongolia between 2019–2022, excluding 2021, three years
panel data of 253 herder households, that are selected stratified random selec-
tion method. We employed robust fixed effect econometric model for analys-
ing the factors, and to validate the results we also tested ecometric models
such as Pooled OLS, Pooled OLS robust, and RE robust models.
The findings reveal that certain social factors, such as the number of house-
holds grazing in the same area and drought, negatively affect herdermobility,

Contact Address: Ganzorig Gonchigsumlaa, Mongolian University of Life Sciences (MULS),
Dept. of Agricultural and Applied Economics, School of Economics and Business (SEB),
BLD of SEB, MULS, Zaisan, Khoroo 22, Khan-Uul District, 17024 Ulaanbaatar, Mongolia,
e-mail: ganzorig.g@muls.edu.mn
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while perceived vegetation cover after using seasonal pastureland positively
influences mobility distance. Economic factors, including distance from the
soum centre, moving in accordance with local government plans, availabil-
ity of manpower, and the cost of mobility were also found to impact mobility
decisions. Ecological factors include vegetation condition and water avail-
ability, grassland availability within administrative units, response to natural
hazards such as drought and Dzud, household wealth.
By understanding the complex interplay of social, economic, and ecological
factors, strategies can be developed to encourage herders to move farther and
more frequently with their livestock, thereby mitigating the adverse effects of
overgrazing and promoting environmental conservation.

Keywords: Environmental degradation, factors for herder mobility, herder
mobility, livestock grazing
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Promoting sustainable land use practices among the
forest-dependent communities: Case studies of Vietnam

THI THUY HONG DO
Ministry of Natural Resources and Environment (MONRE), Vietnam

Vietnam has been recognised as one of the most biologically diverse coun-
tries in the world. It is reported with more than 13,200 floral species and
about 10,000 faunal species identified in the terrestrial ecosystems of the coun-
try. It provides stability and resilience to the economy, especially agriculture,
forestry and fisheries sectors, at the same time ensures food security for the
people of the country. In addition, biodiversity is also an essential founda-
tion for the livelihoods of many vulnerable communities in Vietnam. In fact,
most of the people that live in the mountainous areas are ethnic minorities
whose livelihoods are dependent in many ways on the forests. Yet, over re-
cent decades, the natural resources systems in Vietnam have been deterio-
rating gradually due to the rapid and unsustainable development. In many
mountainous areas in the country, shifting cultivation practices have led to
deforestation and forest degradation in the watersheds of the mountainous
area. This can result in flooding in the plains, and lead to climate change
impact as consequences. Accordingly, these poor communities are especially
more andmore vulnerable due to increasing threats caused by climate change
on their lives, their livelihoods and their food security.
Among efforts and interventions on the pathway to increasing forest protec-
tion and biodiversity conservation and at the same time increasing resilience
for communities living in surrounding areas. This paper seeks to explore the
possibility of applying low emissions land use practices toward livelihood
sustainability for the poor communities that are forest-dependent as one of
the solutions to address the mentioned issues.

Keywords: Biodiversity, forest protection, livelihoods, Vietnam
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Body composition changes of male mice C57BL/6 fed high-fat
diets supplemented with bovine milk coming from three

feeding systems in subhumid tropics
MARIO CUCHILLO HILARIO1,4, DIEGO L. RAMÍREZ-RAMÍREZ2, LILIA G. NORIEGA1,

MARIANA LÓPEZ-BLANCO 2, MARELI I. FOURNIER-RAMÍREZ3, MARGARITA
DÍAZ-MARTÍNEZ1, CLAUDIA DELGADILLO-PUGA1

1Instituto Nacional de Ciencias Médicas y Nutricíon ’Salvador Zubirán’, Mexico
2Universidad Nacional Autónoma de México (UNAM), Fac. de Medicina Veterinaria y
Zootecnia, Mexico

3Universidad Nacional Autónoma de México (UNAM), Dept. de Ciencias Pecuarias,
Mexico

The objective of this study was to compare the body weight, fat mass and lean mass in
a mouse model fed with a high-fat diet (HFD) supplemented with lyophilized bovine
milk coming from three feeding systems from sub-humid tropical of Yucatán, Mex-
ico. The murine model consisted in 30 male C57BL/6 mice of 21 days of age and
body weight of 24g. Mice were allocated into 5 groups (n=6). The experimental
groups were: 1) CD= control diet (7% fat); 2) HFD= high fat diet (21% fat); 3) ISS=
HFD plus 40% lyophilized bovine milk from intensive silvopastoral system; 4) MS=
HFD plus 40% lyophilized bovine milk frommonoculture system, and 5) NVS=HFD
plus 40% lyophilized bovine milk from native vegetation system. The rodents were
fed ad libitum during 98 days; body weight and food intake were recorded once a
week. Body composition (lean and fat mass) was evaluated in the day 77 by quan-
titative magnetic resonance (EchoMRI-700 TM; Echo Medical Systems, LLC. Hous-
ton, TX, USA). Data were analysed by one-way ANOVA and Tukey (α=0.05). HFD
(36.8±3.5g) increased body weight (𝑝 = 0.0248) compared to CD (29.4±2.9g) and ISS
(30.5±1.9g). However, all groups supplemented with cow’s milk showed a tendency
to lower body weight at greater extent than HFD. For lean or muscle mass, HFD ob-
tained the lowest percentage (68.2±2.4g), being statistically different (𝑝 = 0.0206) to
CDwhich showed the largest value (77.9±6.4g). No further differenceswere observed
in the rest of groups. Even though, a rising trend was depicted fromNVS (70.1%) fol-
lowed by ISS (75.2%) and MS (76.4%). In contrast to lean mass, fat mass percentage
was maximum in HFD (29.5%) being different (𝑝 = 0.0206) from CD (18.8%) and
ISS (19.2%). The SM (20.0%) and NVS groups (26.4%) were not distinct from CD
in this respect (𝑝 = 0.9960 and 𝑝 = 0.1902, respectively). Cow’s milk, could a non-
pharmacologic approach to modulate metabolic alterations encouraged by a high fat
diet. Supplementation cow’s milk deflect excessive body weight gain while depleting
body fat mass deposition.

Keywords: Adipogenesis, body composition, lipotoxicity
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Improving household food security; the role of neglected and
underutilised (NUS) species: Case study in

Nkawie forest district
MARY ADU-SARPONG1, EMMANUEL ADU-SARPONG2

1Timber Industry Development Division (TIDD) of Forestry Commission (FC), Ghana
2Forestry Commission, Ghana, Forest Business Planning, Ghana

Sustaining food sources in Ghana is critical as the country imports basic foods
costing an average of USD2.4 billion yearly. Promoting diverse food sources
from neglected and underutilised species (NUS) such as Grains of Paradise
(GoP), Black Pepper (BP), Thaumatin, etc. is crucial. The study aimed at
identifying specific NUS available in the study area, assessing Agroforestry
practices used in the integration of NUS in the local landscape; and ascertain-
ing contributions of NUS to household income. Participatory Rural Appraisal
(PRA) tool together with a semi-structured questionnaire were used to elicit
information. Both quantitative and qualitative data sources were employed
and information obtained was triangulated using Focus Group Discussion.
147 farmers who have previously been introduced to the cultivation of NUS-
based Non-Timber Forest Products (NTFPs) were used. Data were analysed
using Statistical Package for Social Science (SPSS) and Excel sheets.
The result indicates that 30% of NTPF-based NUS comprising Wild yams,
GoP, BP, Thaumatin, tiger nuts, and agushie were available throughout the
seasons. 87% of farmers earning less than GHC 100.0 (USD 26) per week
during the lean seasonwhiles 88% of farmers earn GHC 100.0 to 150.00 (USD
26–39) per week in harvesting/peak season.
Agroforestry models such as Trees-on-farm (83%), crop-over-trees systems
(20%), intercropping and alley cropping (60%), modified Taungya (90%),
cocoa smart agriculture (100%) and other (20%) were been practised by the
smallholder farmers.
The study revealed that the availability of NUS supports household income.
The explicit contributions to the smallholder farmer indicate that proper NUS
attention and management could supplement the food system. The study is
recommending that FC should consider setting up Business models to look
into out-grower schemes to explore the business potential of the BP, GoP, and
Thaumatin businesses to improve farmers’ medium-term incomes to support
MTS tree farms management.

Keywords: Food system, neglected and underutilised species, non-timber
forest products
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Empowering jua-kali to combat mycotoxins in Kenya’s maize
supplies: A participatory design approach with

transdisciplinary knowledge integration
ISAIAH ETEMO MUCHILWA1,2, OLIVER HENSEL2, FRANZ ROMAN2,

MARGARETA LELEA3
1Moi University, Kenya
2University of Kassel, Agricultural and Biosystems Engineering, Germany
3German Institute for Tropical and Subtropical Agriculture (DITSL), Germany

Kenya is overburdened by the high prevalence of mycotoxins that contaminate maize
supplies. With a tropical climate favorable for fungal growth, these toxins compound
health problems and erode progress to eradicate poverty and hunger. Technological
deficiencies and the mishandling of harvests under wet weather conditions account
together for losses of up to 30% in annual crop yields, threatening the livelihoods of
already impoverished communities. Despite advances in mechanized drying glob-
ally, these technologies are unavailable locally and hence are mostly imported to the
detriment of local microenterprise, specifically to those involved in manufacturing –
such as the Jua Kali in Kenya. This project sought therefore to co-create a homegrown
mechanized drying solution, tapping into the creativity of local artisans, but with col-
laborative learning through knowledge infusion from farmers, engineers, scientists,
and other societal stakeholders. Design of a novel encased-air cobbed maize dryer
was premised on the findings of a successfully concluded DAAD sponsored PhD the-
sis at the University of Kassel, Section of Agriculture and Biosystems Engineering,
with Jua Kali artisans involved in prototyping as part of the collaborative learning pro-
cess. An iterative / continuous engagement was established between the researchers
on the team and the artisans, generating ideas and testing to settle on a working pro-
totype. A novel one hundred cob-bag (approx. 10 ton capacity) encased-air dryer
was developed and tested successfully. The new system integrates solar heating and
a Top-Lit Upward Draft (TLUD) biomass stove for continuous day/night operation
using readily available crop residues (like maize cobs /stover) to dry the grain, en-
suring low operating costs. Thermo-hygrometric sensors were integrated to facilitate
remote monitoring of drying frommobile phones, to ensure sufficient dehydration. A
growth in the confidence of the artisans engaging in problem solving was observed as
a consequence of the collaborative learning engagements. The project was sponsored
by the Volkswagen Foundation under the “Knowledge for Tomorrow – Cooperative
Research Projects in sub-Saharan Africa” and the German Federal Ministry for Educa-
tion & Research under the first German African Innovation Incentive Award (GAIIA).

Keywords: Aflatoxins, co-design, cob drying, maize
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Nutritional, microbial and sensory of complementary food
from kocho, orange-fleshed sweet potato and haricot bean

GEZAHEGN NIGUSSE KELIKAY, TADEWOS HADERO MEDALICHO,
ŁINEBREAKTAREKEGN YOSEPH SAMAGO

Hawassa University, School of Nutrition, Food Science and Technology, Ethiopia

Protein energy malnutrition and vitamin A deficiency in children associated
with poor nutritional knowledge resulting in early weaning, delayed intro-
duction of complimentary foods, low protein and vitamin A diet and sever/
frequent infection. In Ethiopia the intake of vitamin A is inadequate; espe-
cially provision of the vitamin through dietary improvement, food fortifica-
tion, and supplementation is less. The consumption of vitamin A-rich fruits
and vegetables and foods made from roots and tubers is about 24–25%. Or-
ange fleshed sweet potato is climate smart and food and nutrition sensitive
crops. Kocho is the product from Enset, is also climate smart crops. The pur-
pose of this study was to assess nutritional, microbial and sensory properties
of complementary food developed from Kocho, Orange fleshed sweet potato
and haricot beans. Porridge was developed with different proportion of ko-
cho to haricot bean flour: 90:10, 80:20, 70:30 and 100:0 (control) and orange
fleshed sweet potato (15%) was incorporated. The Nutritional composition
of porridge was done by using a method of Association of Official Analyt-
ical Chemists, 2000. The beta carotene/Vitamin A content was determined
by using High Performance Liquid Chromatography. The total mold and
yeast and total plate count for the safety were carried out by using the stan-
dard procedure for examining microbial load on the food products. Sensory
acceptability of the porridge was evaluated with 30 panelists comprising of
mother-children in pair using 5 point hedonic scale. The result of the study
showed that the Nutritional composition fulfils the minimum recommended
daily allowance for children age between 6–23 months and full fills 65.14%
daily requirement of vitamin A. The microbial analyses of the developed por-
ridge were within the microbiologically accepted limit. All porridge were ac-
cepted and liked by the consumers. Thus, based on the finding of this study
it was suggested that mothers/caregivers should feed their children haricot
bean and orange fleshed sweet potato incorporated porridge.

Keywords: Children, protein-energy malnutrition, VA deficiency
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Genetic diversity in anchote (Coccinia abyssinica (Lam.)
Cogn) using microsatellite markers

ZERIHUN TESHOME MELAKU, MESERET TESEMA TERFA, TEMESGEN MAGULE
OLANGO

Hawassa University, College of Agriculture, School of Plant and Horticultural Science,
Ethiopia

Anchote (Coccinia abyssinica (Lam.) Cogn) is an endemic crop species of
Ethiopian origin mainly cultivated for its nutritious tuberous roots and ten-
der leaves. The crop plays an important role in the local diet of rural and peri-
urban communities mainly in Western and South Western Ethiopia. Limited
molecular marker resources hinderbreeding and genetic studies for improve-
ment, conservation and management of anchote genetic resources. In this
study we aimed to (i) measure the genetic diversity of C. abyssinica and of its
populations; and (ii) describe the genetic structure of populations across the
cultivation range in Ethiopia. A total of 45 germplasm accessions collected
from Western parts of Ethiopia were studied along with three cultivars of re-
lated species in Cucurbitaceae family using 24microsatellite markers. Results
showed high level of genetic diversity in the
anchote accessions. All the analysed loci were highly polymorphic and de-
tected a total of 354 alleles among all population, with an average of 15 alleles
per locus. The average genetic diversity, as quantified by the expected het-
erozygosity, was 0.88 ± 0.06 per locus. Nei’s gene diversity index was the
highest (I = 1.93) for populations
from East Wellega maintained in situ in the farmers’ field and ex situ in Debre
Zeit Agricultural Research Center (DZARC). Using discriminant analysis of
principal components (DAPC), four clusters including outlier groups were
detected. The DAPC analysis indicated that the most closely related popu-
lations geographically occurred in close proximity to each other. AMOVA
attributed 95% of the genetic variation to within population and only 4% to
between populations. The results provide important genetic information in
C. abyssinica to drive improvement, management and conservation decisions
efforts.

Keywords: Anchote germplasm, Ethiopia, genetic diversity, genetic struc-
ture, microsatellites
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Production potentials and technology practices for potato and
tomato cultivation in Arsi zone, Ethiopia

GELETA DIRIBA-SHIFERAW1, YIFRU SISAY2, TIRFE ZEGEYE2, SAMUEL MEZEMER3,
BEZAWIT SEIFU3, DEKEBA MOGES3, SAMUEL WOLDEYOHANES4, ANIS DZANKOVIC5,

BERND MÜLLER5
1Arsi University, Dept. of Horticulture and Plant Sciences, Ethiopia
2Arsi University, Agricultural Economics, Ethiopia
3Arsi University, Food Science and Postharvest Technology, Ethiopia
4Arsi University, Dept. of Agribusiness and Value Chain Management, Ethiopia
5Weihenstephan-Triesdorf University of Applied Sciences, HSWT International School,
Germany

Vegetable crops have high potential towards food security, local industries,
natural resources conservation and market stability. However, many vegeta-
bles are untapped resources that can be improved and utilized towards better
livelihood of people. Thus, the study was undertaken to assess potato and
tomato vegetables production potentials and technology practices of Ziway-
Dugda and Tiyo Districts during 2022. Data were collected from 400 house-
holds in ten kebeles of both districts and analyzed using SPSS version 22. The
study results revealed that the farmers in the study areas produced various
crops in addition to tomato and potato and produced average yields of toma-
toes (621 q ha-1) and potatoes (46 q ha-1) and got better revenues (116,994
and 41,290 Birr) by selling the two vegetables produced during 2020/21 crop-
ping seasons, respectively. Many farmers in the study areas had potentials
and inputs for production of tomato and potato crops. However, some farm-
ers in the study areas had not got the various potentials and resources to be
productive in vegetables cultivation. Also many farmers in the study districts
had implemented different pre-harvest production practices like cultivation
tools and methods, planting spaces, staking of tomato, earthing up of potato,
and irrigation practices and rotation cultivation. However, the study results
showed that there are unused production practices for tomato and potato cul-
tivation by some farmers. Thus, it is possible to conclude that there are many
production potentials, inputs, services, production practices and technologies
used by farmers for better vegetables production even though some farmers
were not practiced improved production and management technologies that
needs future interventions to capacitate them.

Keywords: Farming practices, management strategies, potato, production
potentials, Tiyo, tomato, Ziway-Dugda
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Tomato production in Ethiopia – gross margin comparison of
smallholder tomato farmers

BERND MÜLLER1, ANIS DZANKOVIC1, SISAY YEFRU DERBE2, GEZAHEGN NIGUSSE
KELIKAY3, ERMIAS TESFAYE TEFERI4

1Weihenstephan-Triesdorf University of Applied Sciences, HSWT International School,
Germany

2Arsi University, Dept. of Agricultural Economics, Ethiopia
3Hawassa University, School of Nutrition, Food Science and Technology, Ethiopia
4Bahir Dar University, College of Agriculture and Environmental Sciences, Ethiopia

Tomato is one of the most important vegetable crops in Ethiopia, both in
terms of its economic and nutritional value. It is a major cash crop for small-
holder farmers and contributes significantly to household income and food
security.The study aims to provide insights into the economic performance of
tomato smallholder farming in Ethiopia and inform policies about interven-
tions that can support the growth of the sector. It is imperative to understand
available potential resources for vegetable cultivation, and production and
management practices and technologies used by farmers in the studydistricts.
With a survey, whichwas done in 2022with face-to-face interviews of 1200 se-
lected tomato farmers in three different regions of Ethiopia (Amhara, Oromia
and Sidama region), smallholder farmers‘ characteristics and farm practices,
with special emphasis on the production, economic parameters, harvest and
storage of tomatoes are mapped.
One important measure of the profitability of tomato production is the gross
margin, which is the difference between the total revenue and the total vari-
able costs. A gross margin is an essential tool for farmers to evaluate the prof-
itability of their crops and make informed decisions about production and
marketing. This study will compare the gross margin of tomato production
and the factors that affect profitability and identify strategies for improving
the grossmargin of tomato farming in the threementioned Ethiopian regions.
The key output of the research will be to bring the evidence of tomato pro-
duction gross margins from three different regions, detecting the differences
and examining the factors, which lead to those differences in gross margins.
The potential users of this study could be policy-makers, advisory services,
researchers and tomato producers themselves.

Keywords: Ethiopia, food value chain, gross margin, tomato production
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Production efficiency of smallholder onion producers in
Ethiopia: Stochastic frontier model

SOLOMON BIZUAYEHU WASSIE1, AMARECH YITAYEH1, ERMIAS TESFAYE TEFERI1,
BERND MÜLLER2

1Bahir Dar University, Agricultural Economics, Ethiopia
2Weihenstephan-Triesdorf University of Applied Sciences, HSWT International School,
Germany

Despite the increasing role of onion as a cash crop for farmers, its productivity
in Ethiopia (8.89 t ha−1) is far below theworld average (19.32 t ha−1). Produc-
tivity can be increased either through the introduction of new technologies
or by improving production efficiency while using the existing technology.
In the context of developing countries like Ethiopia, where resources are lim-
ited, it is wise to exhaustively use the potential from the second option. In this
regard, as part of a collaborative TOMATO project between Weihenstephan-
Triesdorf University of Applied Sciences and Bahirdar University, this study
used a stochastic frontier methodology to estimate the production efficiency
of onion production among smallholder onion farmers in Ethiopia. The esti-
mation results show that the average technical efficiency among smallholder
farmers is 68.5%, suggesting that there is a substantial inefficiency in onion
production. The results suggest that, by operating at full technical efficiency
onion producer farmers can, on average, increase production by 31.5%. The
further results demonstrated that the main factors attributing to production
inefficiency among smallholders include the age of the household head, live-
stock ownership, income, and use of improved seed. Specifically, while the
age of the household and total livestock holding has a negative and signifi-
cant effect on inefficiency, the income of the household and the adoption of
improved technology affects the efficiency of smallholder onion producers
positively and significantly. Overall, the results suggest that there is room
for increasing onion production by improving the production efficiency of
smallholder farmers through policies that improve access to improved seed,
and encourage youths to participate in onion production.

Keywords: Ethiopia, onion production, production efficiency, smallholder
farmers
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Economic analysis of the local milk value chain in the
Kara region

LINANGUIDABA BAWELIMA ADJAYI, MIKÉMINA PILO
University of Kara, Dept. of Economics, Togo

This study focuses on the analysis of the local milk value chain in the Kara re-
gion of northern Togo. The field survey took place during the month of July
2019 in the selected villages. Simple random selection and reasoned selec-
tion was used to select 57 small producers, 30 individuals each for processors,
traders, andmilk consumers in the study area. The data collected through the
semi-structured questionnaires were coded, entered, and analysed using the
Kobotoolbox software. The results showed that most of the production link
is made up of small producers, illiterate and Fulani. The links of processing
andmarketing aremade up of Fulaniwomenwho aremostlymarried to agro-
pastoralists. As for the link of consumption, it consists of men and women,
composed of several ethnic groups living in urban areas of the Kara region.
From the point of view of interactions between actors, the study shows that
the rules governing these relationships are neither contractual nor con- ven-
tional. Compared to the economic analysis, on average throughout the chain,
traders have the highest margin (73.5%) compared to producers (10%) and
processors (16.5%). Through SWOT analysis, many constraints have been
identified along the chain, particularly the lack of organisation of the value
chain, the lack of storage and packaging infrastructure. The recommenda-
tions formulated for a good organisation of the chain can be summed up in
the establishment of an interprofessional organisation, the capacity building
of agro breeders to good farming practices to produce milk in quantity and
quality, the establishment of storage and conditioning infrastructure at the
zone level; and the support of actors in the sector by the public authorities
through a possible program.

Keywords: Analysis, Kara region, local milk, value chain
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Implementation of rapeseed oil production unit in Tunisia
ASMA KOUSSANI

Sotagri, Tunisia
Raps (Brassica Napus) is one of the new crops recently introduced in Tunisia
due to its benefits, not only for oil, animal feeding or as biodiesel but also for
its adaption to climate change.
Tunisia is planning to increase the cultivated area of rapeseed to 140,000 ha
from the current 15,000 ha over the next 7 years to boost local supply. The am-
bitious rapeseed development strategy is being spearheaded by the Tunisian
gouverment in partnership with Private Companies.
Tunisia is the largest producer of olive oil outside the EU, and the 4th largest
in the world but local supply of the commodity is constrained due to a greater
focus on exports. Among the locals, soybean oil is most popular for house-
hold consumption while palm oil is not well perceived by consumers and is
generally limited to the food manufacturing sector.
As the country is not fully self-reliant on either of these two commodities, it
mostly relies on imports and in order to ensure a sufficient local supply of
edible oil, UTAP has identified cultivation of rapeseed as a viable alternative
to olive oil which is highly sought after in the international market.
Supporting this goal by setting up a startegywith view to improving the prof-
itability of farmers in the various production areas and developping the value
chain of this crop is one of the priorities. Also, the transformation of raps into
oil and enhancing its secondary outputs should be promoted seems it is one
of the major links.
As a result, our project will meet the needs and guarantee an efficient ex-
ploitation of this resources by producing high quality rapeseed oil, managing
the supply chain from farmers to consumers and will be part in the achieve-
ment of the desired goals in termes of local market demand satisfaction and
profitability.

Keywords: Local market demand, profitability, raps oil, satisfaction, self-
reliant production
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Nourishing futures: Cultivating nutrition and male
engagement for healthy childhoods on Likoma Island,

Malawi
TIWONGE VANESSA LONGWE

Unilia, Malawi
Malnutrition remains a persistent concern among children under the age of
five in Likoma Island, a lakeshore district in northernMalawi, with high stunt-
ing levels of 26.6%despite national reductions inmalnutrition rates for young
children. Current efforts to raise awareness about proper nutrition among
young children lack a gendered approach for effective dissemination.
Comprehensive nutrition education has shown promise in reducing malnu-
trition. Tomaximise impact, the project will utilise community radios, proven
effective channels for disseminating information, to reach a larger audience in
the district. Additionally, the project strives for sustainability by empower-
ing local non-governmental organisations on the Islandwith nutrition knowl-
edge through proper training. By imparting nutrition knowledge and skills
to local non-governmental organisations, the project ensures that the island’s
community will continue to tackle malnutrition beyond the project’s dura-
tion. This approach not only builds capacity within the community but also
empowers them to address future challenges independently.
The project’s holistic approach is designed to break down barriers and in-
spire a collective effort in prioritising the nutritional needs of children. It also
aims to create a positive shift in societal norms, encouraging increased male
involvement in child care and nutrition, leading to healthier and happier fam-
ilies. This approach will contribute to a comprehensive reduction of malnu-
trition among children under five on Likoma Island. Ultimately, the goal is to
foster increased male involvement and improved inter-organisational collab-
oration to prioritise the nutritional needs of children while ensuring sustain-
ability and lay the groundwork for a brighter and healthier future for Likoma
Island’s youngest generation.

Keywords: Improved nutrition, inter-organisational collaboration, male
engagement, sustainability, under-five
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Aflatoxin management in groundnuts in Malawi
THERESA MANONGA

Spring Farms, Malawi
Groundnuts are one of the widely grown legumes in Malawi and they have
the potential to contribute to food and income security. However, its pro-
duction is marred with a lot of challenges and some of these challenges in-
clude; delayed planting, diseases like rosette and pests such aphids, planting
recycled seed, low plant population and aflatoxin contamination. Aflatoxins
contamination makes groundnuts unsafe for consumption and trade. Afla-
toxins commonly called ‘chuku’ are toxins that are produced by fungus that
are strains of Asperagillus flavus and Asperagillus parasiticus under suitable
conditions during pre or post-harvest activities. Good agronomic practices
such as use of resistant varieties, crop protection, insect control and timely
planting can reduce pre-harvest aflatoxin contamination andpost-harvest con-
tamination can be reduced by proper drying of the groundnuts after harvest,
proper storage, transportation, sorting, grading and packaging. It has been
observed that Malawi loses 40% of its export groundnuts due to aflatoxins
each year. It is with this background that the study aims at training farmers
in producing groundnutswith no aflatoxin orwith acceptable aflatoxin levels.
The study will explore the use of Moringa oleifera leaf extract in the control of
aflatoxin in groundnuts. field trials will be conducted in aflatoxin-prone re-
gions, using different application methods of moringa extracts on groundnut
crops. The aflatoxin levels will be quantified at various stages of growth and
post-harvest storage to determine the efficiency of Moringa in reducing afla-
toxin contamination. If proven effective, the integration of moringa-based in-
terventions in groundnut production can significantly improve food safety,
protect human health, and enhance economic outcomes for farmers. The
study will contribute to the knowledge of harnessing natural plant-based so-
lutions to address aflatoxin contamination in groundnuts. The findings will
have an impact on food safety, public health, sustainable agriculture, trade for
Malawi and promote the adoption of nature-inspired strategies in the fight
against aflatoxins.
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Improving the olive production in Tunisia: Virtual and
practical pruning training

AMIRA NAJJAR
Entrepreneur, Tunisia

Olive cultivation holds immense economic and cultural significance in Tunisia, with
olive oil production being a pillar of the nation’s agricultural sector. Pruning is a crit-
ical horticultural practice that directly influences olive tree growth, fruit production,
and overall orchard health. However suboptimal pruning can lead to reduced yields,
and increased susceptibility to diseases. Moreover, the olive industry faces significant
challenges related to the shortage of skilled labour, limited knowledge, and inade-
quate access to specialised training. To address these issues, this study project pro-
poses the implementation of a Virtual Pruning Training (VPT) programme designed
to empower Tunisian olive growers.
Usingmodern technology, the training aims to provide a scalable and cost-effective so-
lution for disseminating pruning expertise to olive farmers orworkers across the coun-
try. It would be developed in close collaboration with olive growers’ associations, and
Tunisian agricultural research institutions to ensure its relevance to the local context.
The programme offers face-to-face or online conferences with virtual practice features
and interactive 3D tree simulations together with organised practical workshops in
field. The VPT focuses on understanding olive value chain (VC) in upstream, then
identifying appropriate pruning times based on tree growth patterns, recognising dif-
ferent pruning techniques virtually and practically, and the impact of pruning on fruit
production and tree health. The VPT programme includes virtual practice using 3D
models collected from real-life case studies, showcasing successful pruning practices
and their subsequent positive effects on olive production. These Interactive elements
enable participants to simulate pruning scenarios, providing hands-on experience in
a virtual environment.
By promoting sustainable and efficient pruning practices, the VPT programme aims
to minimise production losses and increase the economic viability of olive farming
in Tunisia. The success of the VPT project would be assessed through pre- and post-
training evaluations as well as feedback from participants and stakeholders. The VPT
for olive trees in the Tunisian context represents a transformative step towards ele-
vating the country’s olive VC. By empowering farmers with knowledge and practical
skills, the VPT aims to foster sustainable agricultural practices, secure olive produc-
tion, and preserve Tunisia’s rich olive heritage for future generations.

Keywords: 3D models, olive farming, practice, pruning training, sustainable
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Establishing an experimental farm for educational services to
promote the value chain of the olive-growing sector in

southern Tunisia
SOUHA NEILI EP ESSID

Otmc Consulting, Tunisia

Tunisia has become the North African olive grove par excellence. In fact, ex-
cluding the coun-tries of the European Union, Tunisia is the world’s largest
producer of olive oil and the lead-ing exporter, ranking second in the world
in terms of surface area used for olive production. Despite this significant
potential, the olive-growing sector faces a number of constraints. The aver-
age productivity of olive production in Tunisia is low, fluctuating and falling.
In terms of yield per hectare, Tunisia ranks last among nine producer coun-
tries in the European Union and the Middle East-North Africa region. In fact,
the high percentage of poorly maintained olive trees is a major handicap for
Tunisian olive growing. In order to remedy this situation and improve the
level and the stability of yields to strengthen the economic and social condi-
tions of themost disadvantaged operator (the farmer) in the olive value chain
in southern Tu-nisia, several recommendations can be suggested. One of the
ways to achieve this is to extend the use of drip irrigation methods and to im-
prove the Know-How in good practices. Moreover, establishing a project in
the form of an experimental plot dedicated to educational services remains
a fruitful and significant decision. In fact, our project involves an educa-
tional farm consisting of a plot of olive trees examining different irrigation
techniques. In this olive grove, we will practice experimentally tested culti-
vation techniques. Our farm will also have a tasting room for olive oil tasting
courses and a children’s area where they can take part in activities in the form
of workshops on different themes (the history of olive oil, the olive tree and
science) to foster the love of the olive tree. In addition, we will offer a table
d’hôte of home cooking prepared with local products. Finally, our project
will be planted in Menzel El Habib, a rural area in the governorate of Gabes
characterised by a strategic geographical location.

Keywords: Experimental parcel, know-how, olive sector in Tunisia, promote
the olive value chain
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Promotion of biofortified crops through establishing
production & processing demonstration sites for vitamin A

maize in Gombe State, Nigeria
DOLAPO NATALIE OMOKANJUOLA

Harvest Plus Nigeria, Nigeria
Maize stands as Nigeria’s most consumed staple food; however, smallholder
farmers continue to grapple with low agricultural productivity, impacting
their income and access to nutritious foods. This inaccessibility to nutritious
foods contributes tomicronutrient deficiencywithVitaminAdeficiency (VAD)
being a prevalent issue especially among young children andwomenof repro-
ductive age. While Nigeria cultivates yellow andwhite maize extensively, the
recent introduction of Vitamin A maize, commonly known as orange maize,
holds promise as a climate and nutrition-smart crop. It exhibits high yield,
disease resistance, drought tolerance, and a higherVitaminA content. Though
its adoption is gradually increasing in states like Kaduna, Kano, and Jigawa,
Gombe State lags behind.This study project aims to enhance the productivity
of smallholder farmers and reduce Vitamin A deficiency among children and
pregnant women in two Local Government Areas in Gombe State through
the promotion of Vitamin A maize. Gombe State is characterised by a high
poverty level, vulnerable groups, and has become home to internally dis-
placed persons due to the insurgency in theNortheastern part of Nigeria. The
promotion projectwill explore two approaches: establishingVitaminAmaize
production demo sites and processing demo sites. The production demo sites
will serve as learning plots, helping farmers adopt VitaminAmaize, resulting
in a significant 50% increase in their yield compared to conventional maize
breeds. On the other hand, the processing demo sites (nutrition corners) will
be set up at Primary Health Care Centers, providing knowledge to women
and caregivers on integratingVitaminAmaize into their household consump-
tion to fulfil their daily Vitamin A needs. Ultimately, this biofortification pro-
motion will enhance food availability, accessibility, and utilisation in Gombe
State.

Keywords: Biofortified crops, Gombe State, smallholder farmers, vitamin A
deficiency, vitamin A maize
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Promotion of entrepreneurial innovations in the village
poultry value chain for sustainable rural development

DIDERLINE MANFOUO TCHOUPOU
Sopead Conseil Sarl, Cameroon

Village poultry farming plays an undeniable socioeconomic role inmost rural
households (savings, animal protein intake essential for a good balanced diet,
land fertilisation through the use of droppings, eggs are also used in rituals
and in the traditional pharmacopoeia etc.). However, many small farms in the
value chain of village chickens earn quite low incomes with low productivity
and have never managed to integrate into the economic circuits of the agro-
food sector. Despite its importance, the fundamentals of this breeding are not
mastered by the breeders, which results in low productivity, significant and
sometimes total losses of staff during epidemics, a weak technical supervi-
sion system, the lack of knowledge techniques and access to training. Thus,
this project aims to implement innovations in the value chain of village poul-
try that have contributed to sustainable rural development through increased
productivity and improved incomes of small farms, as well as the creation of
decent jobs. More requested will be: Ensure the training of 2,000 breeders on
Good farming practices, including at least 50% of young people and 35% of
women, Ensure the training of 3,000 breeders and other actors in farmer Busi-
ness school » and in organisational development, developing entrepreneurial
business models and providing value chain actors, monitoring the applica-
tion of learning, organising awareness caravans and exchange visits. Achiev-
ing these objectives will require the use of participatory approaches to sus-
tainable development and the organisation of “farms-schools-peasants”. The
main activities of the project will be: the establishment of a management and
coordination unit, Establishment of a training system, Development of plan-
ning and reporting tools, Training of producers on Good Breeding Practices,
Farmer Business School and in Organisational Development, Organisation of
caravans and Monitoring of activities.

Keywords: Autonomy, entrepreneurship, innovation, professionalisation, small
producers, sustainable development, village poultry farming
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