Impact of popular shade tree species on microclimate
and cocoa productivity in agroforestry systems in Ghana
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Introduction

— Ghana accounts for 20% of global cocoa bean production [} — Study site: Boaso, Brong-Ahafo region, Ghana (Fig. 1)

— Cocoa (Theobroma cacao L.) is often cultivated in agroforestry systems — Data collection: April - June 2022

. — Eight common shade tree species (5 reps)
Benefits of cocoa agroforestry Drawbacks of cocoa agroforestry

— Eight cocoa trees around each shade tree

a

¢ Buffering extreme weather conditions (23] |¢ Competition for water, nutrients, rooting space 3!
in three distance zones (Fig. 2)
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¢ Carbon sequestration (23] ¢ Slower vegetative development (]

a

¢ Optimal cocoa growth at low shade levels [4] |# Decreased resilience under drought [’ 0Z1
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¢ Longer productive lifetime under shade
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— Agroforestry could contribute to climate change adaptation and Fig. 1: Location of the study site In Ghana.

_ . . . . . . . 0Z3
mitigation, but there is controversial evidence on its impact on yields

Fig. 2: Sampling design for cocoa trees around the shade tree.
IZ = inner zone (within a 3-meter-distance to the stem), MZ = mid zone (under the

Aim: Characterize above-ground morphology of common shade tree canopy), OZ = outer zone (outside the canopy). Number = biological repetition.
species in cocoa agroforestry systems and investigate their impact — Measurements: 1. Shade tree above-ground morphology
on microclimate under the canopy and on development and 2. Microclimate under the shade tree canopy
productivity of surrounding cocoa trees. 3. Cocoa tree development and productivity

Results

Tab. 1: Above-ground morphology of the investigated shade tree species. Mean values and standard error. Last column shows results from a One-Way ANOVA of the impact of species on the parameter (* = p < 0.05; ns = not significant).

Terminalia superba | Morinda lucida | Terminalia ivorensis | Milicia excelsa Mangifera indica Ficus capensis Ricinodendron heudelotii | Alstonia boonei
Tree height [m] 15.44 + 2.90 16.18 + 6.02 17.20 + 5.02 19.20 + 5.93 15.42 + 4.72 20.58 + 6.77 18.44 + 5.22 18.32 + 5.76|NS
DBH [cm] 50.06 +21.62 49.84 +19.87 46.32 +14.51 99.38 +28.23 79.05 +16.46 126.83 +62.95 97.49 +27.56 95.81 +29.32|%
Canopy diameter [m] 12.09 + 414 11.32 + 188 14.33 + 6.34 15.74 + 3.63 15.82 + 2.19 13.89 + 8.64 13.42 + 917 9.68 + 3.65|NS
Crown shape round irregular round — oval round weeping umbrella irregular oval —irregular
Phenology brevideciduous evergreen brevideciduous brevideciduous evergreen brevideciduous complete deciduous| brevideciduous
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Fig. 3: Buffering effect of shade tree species on temperature throughout the day. Fig. 4: Buffering effect of shade tree species on relative humidity throughout the day. Fig. 5: Absorption of Photosynthetically Active Radiation (PAR) through the shade tree.
Difference to control in full sun. Significance groups a — d describe significant differences Difference to control in full sun. Significance groups a — e describe significant differences Measured in morning, noon and afternoon under clear skies. Mean values and standard
(Tukey (HSD): a = 0.05) during the critical period from 12 to 4 pm (shaded in grey). (Tukey (HSD): a = 0.05) during the critical period from 12 to 4 pm (shaded in grey). error. Significance groups a - b describe significant differences (Tukey (HSD): a = 0.05).

Tab. 2: Effects of shade tree species (A) and distance zones (B) on cocoa development and productivity.
Icons symbolize significance groups (Tukey (HSD): a = 0.05) from low to high mean values. Last column shows results from a Two-Way ANOVA of the impact of species (A) or zone (B) on the parameter (* = p < 0.05; ** = p < 0.01; *** = p < 0.001; ns = not significant).
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Conclusions

— No major differences in above-ground morphology between the shade tree species.

— M. excelsa and M. indica have the densest canopies and therefore the highest PAR absorption rates and microclimate buffering effects.

— Cocoa tree development and productivity are more affected by the distance to the shade tree than by the shade tree species.

— Increasing cocoa growth and productivity from inner zone to outer zone could indicate unfavourable growing conditions directly under the shade tree
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