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The problem of water scarcity worldwide is becomisgvere. Water resources are also
experiencing adverse trend viz rainfall rates aeerelsing due to the determinant of the
vegetation cover, the ground water is dropping.

River Nile State (RNS) is the most important adtimal districts in the Northern region of
Sudan, with its resources endowments; the optioimrigfation is mandatory in RNS from the
River Nile (RN) by pumps through the surface irtiga system. The scarcity of irrigation water
rose due to population pressure. The water diveidedrrigation is not effectively used. It is
estimated that on average only 45% is effectivelyduby the crop, with an estimated 15%, loss
in the irrigation conveyance system, 15% in thddfiehannels, and 25% in inefficient field
application. This coupled with low crop productyitack of cheap source of power, more than
60% of the RN water flow only during a limited pamdiannually from August to September and
lack of tenants’ awareness about the recommendedramof crop water requirements. The paper
aims to assess the on-farm water efficiency undigrated sector, the role of State, water users
and market allocation manner in structuring thedpotivity per unit of water used equity and
saving water resource of the RNS. Structured quasdire for (70) respondents through
probability proportional method. Integrated techus involving economic and hydrologic
components are used to assess water use efficianBNS. GAMS, Crop Wat4 and Cobb-
Douglas function have been employed to evaluatenhiarm water efficiency.

The results suggest that vast irrigation water tex/dor agricultural production in the State
coupled with low production will need attention water management, allocation, quantities and
introduction of water saving technologies. Watemagement institutions are not well qualified
to handle irrigation water. Lack of tenants’ awass led to inefficient water use. These are the
major challenges that might save irrigation watethie future.

I ntroduction

Today the competition for scarce water resourcesany places is intense. Many river basins do
not have enough water to meet all the demandsyenw enough for their river to reach the sea.
Further appropriation of water for human use is pagsible because limits have been reached
and in many cases breached. Basins are effectivlelyed’, with no possibility of using more
water. The lack of water is thus a constraint todpcing food for hundreds of millions of
peoples. Agriculture is the central in meeting ttisllenge because the production of food and
other agricultural products takes 70% of the fremtiewwithdrawals from rivers and groundwater
(FAO, 2007).



While the average amount of water available to eamintry remains constant, the demand for
water generally is going up steady for two impartegasons, first, with expanding population,
more and more water required for domestic purpoagsculture, industry and hydropower
generation. Secondly, as the standard of livingrawgs, the demand for water increases as well
(Sheikh, 1995).

In Sudan, despite, the water resource is abunt@nirrigation water is the most chronic constréaing

the agricultural sector over the countiiGamriet al2002) reviewed water resources of the Sudan
by concluded that, “the country is below the wateverty line of 1000 cubic meter per capita per
year and it may continue to be so for the foredeefaiture”. These facts necessitate an adoption
of various techniques of water conservation ingigdihe large meaning of water use efficiency.
In Sudan, the total irrigated area expanded rapidign 1961 to 1995, increasing from 1480
thousand hectare in 1961 to an estimated 3.78omiliectare in 2002. Most of this expansion
occurred in the middle and Northern Sudan, aloegRiver Nile flows and its tributaries.

River Nile State, the most important agriculturdtiicts in the Northern region of Sudan, the only
possible mean of irrigation is pumps irrigationnfréhe Nile. The population pressure and the inieffic
water use led to perpetuate the water scarcity lpnobThe most predominant constraints faced
irrigation water utilization in the State are: lovater use efficiency due to lack of knowledge on
the part of farmers, excessive water applicatioestaising water tables and salinity, inadequate
extension services and difficulties of access tasteng research base high construction,
operation, and maintenance costs, poor design awnd duality materials. Commonly the
constraints of WUE are partly of a technical natuedated to socio-economic and institutional
conditions. Furthermore, a recession flow of thieldnd Atbara Rivers in August and September
affect the availability of irrigation water in Odier through February, the requirement of
irrigation water is greatest through this periodewhWinter cash crops (wheat, faba beans,
fodders, vegetables, legumes) are planted andrestpri irrigation waterthere is less stress to
apply the recommended standards of crop water negents and this might be related to the
lack of technology on irrigation water management.

Field survey and empirical findings

This study depends mainly on primary data from shely area, beside secondary data from
relevant official sources. The method selectedpi@mary data collection was direct personal
interviewing of the sample respondents by usingcstiral questionnaires. The primary data
collected in season 2005/06 includddmographic and socioeconomic characteristics ef th
surveyed tenants, the allocated crops through dh@ farea, crop production, and the factors
affecting water use efficiency.

Secondary data which was collected from relewrsstitutional sources such as River Nile State
Ministry of Agriculture and Irrigation, Federal Msiry of Agriculture and Forestry, Department
of Planning and Agricultural Economics, Arab Orgation for Agricultural and Development
(AOAD), Food and Agriculture Organization (FAO), Aaultural Research Corporation (ARC),
Khartoum, Gezira and Giessen Universities and Bdrgudan and internet website.

As precision could be achieved, stratified rand@mgling based on convince and flexibilities
with probabilities to size was used to determine phausible size of the targeted groups in El
zeidab public irrigated scheme of the RNS, withsidering the terms of cost, time and other
relevant facilities.

Sample sizethe population numbers used to achieve the fanobkained from the ministry of
Agricultural and irrigation of the State as indeain the formula below:

1 VP (1-P) < 1__o m 100(1-P)
P n 10 P
We assume: p= 0.590 (proportion of tenants prasghk targeted group of schemes).

The co efficient of variation of the estimate =10%




By substituting: we have: n> 100 (1-0.590) = 70 tenants
0.590

Two types of constraints were noticed in the stadba, first, the lack of infrastructure made the
movement over the study area difficult, and thevailability of transportation (except certain
day(s) per week for some parts of the study assapnd, some farmers were ignorant about the
research work, and hence, they required more tomebtain the right information from them,
moreover, some of them thought that the researak end to take taxes so they refused to be
interviewed. Furthermore, many farmers reported ¢h#ot of research work had been done in
their areas, without tangible returns to them.

Analytical techniques

To achieve stated objectives descriptive statishoa regression analysis using Cobb-Douglas
production function were used. In the descriptiget pf the analysis frequency distribution,

graphical and statistical analysis was used. Dafferforms were tried to choose the best
representative model. Cobb-Douglas production fancénalysis using (OLS) regression was
used to assess the effect of the hypothesized emdigmt variables on water use efficiency,
through its general form:
Y =ax™ %22 ... x2n

Where:
Y = output (dependent variable).
X1, X2, ... Xy = inputs (independent variables.
a = constant term.
b1, by, . b, = regression coefficient to be estimated whichghsial elasticity of production with
respect to individual resources.
Or in its transformed logarithmic as follows:
LogY =Loga+hlogx +bylogx+ ... + b log x.

The calculation of the crop water requirements (QWRany crop requires estimation of its crop
coefficient (Kc). Kc values could be used for estion of CWR as a product of Kc * ETo in the
RNS as well as other similar regions of the Sudgecently, FAO Penman-Monteith (PM)
method was developed to estimate ETo values froypathetical reference crop that were more
consistent with the actual CWR and has been recometeby FAO as the standard method for
CWR calculation designed in the software progranODBRNVAT, as follow:

ETo=C (WR+ (1- W) f(u) (ea-ed)

Where: W : weighting factors R net radiation esaturation pressure
ed : perfumed water f(u) : functionnmd speed C : error factor

Results and Discussion

The paper investigates the socioeconomic charatiteriof tenants in the study area. On average
age of surveyed tenants on Elzeidab scheme is fasii3®.91 years, the respondent’s educational
level found to be 100% of the farmers are literate received formal and informal education,
while each tenants had farming experience of 1928, with some individual tenants having up
54 years of experience. The majority of the tena@#8% were full-time operators and only
25.7% were part-time. All farmers in the samplerasdes and 85.7% were married and 14.3% of
them were single. Farmer family members are consias an important source of labor force in
study area, the majority dhe surveyed tenants 54% were shared by less than ZareniThe
family size ranged between 1 and 15 members, withage family size of 7 persons.



The majority of Elzeidab public irrigated schemeatets of RNS are provided with 10 feddan of
land called‘Hawasha” for cultivating their suggested crop combinatioithim the season, the
land is not belonged to the tenants it is ownetthéogovernment and tenants are rented it, while
the crop rotation planned by the tenants partibulgiter the privatization policy introduced by
the central government in 1994, inanition, the compnbination was mainly determined by
tenants’ experiences, while the rest of land waseuly shared and mixed. The average distance
from tenant’s residence to farm of the surveyedamés on Elzeidab was 2.7 km. Soils are
alluvial which are generally fertile, are made dgaamy and silt deposits. The soils are deep,
generally well drained non saline and non sodi@ ffain source for irrigation water from the
River Nile (RN) by pumps directly to surface irrigmn system.

The farm size averaged 8.2 feddan. The averagwatell area by crops per farm was found as,
25% of the total land devoted for wheat followed1®¢6 for sorghum and 14% for onion, while
the lowest percentage 1% devoted for potato. Theratrops were ranked as 2%, 2%, 4%, 5%,
8%, 8%, and 12% achieved by spices, dry bean, mimdder, vegetables, chick pea, and faba
bean respectively, with absent of lentil crop allea to some technical production constraints.
Market conditions, and to some extend by the Stgtieultural policies.

Cost of production

Production economics play a unique role in farm agg@ment. Cost of production is known as
the cost of material inputs, labour force, servicasd the management used in producing a
certain goods or/and crops. Many studies showedtligacost of production overall the RNS
has leaded to the low profit. The high cost of pieithn attributed to high cost of numerous of
production inputs, but absolutely, the irrigatioater cost is considered as the most agricultural
constraint and that might refer to the high coshping water from the RN and this is justified
strict allocation among the different crops grovenravestigated in figure 1.

Figure 1.0 Share percentage of the main variable sbitems for RNS seasonal crops 2005/06
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Source: The field survey 2006.

The result of the survey revealed that mainly abblitcost items constituting the cost of
production as investigated in the above figure.

The farmers of private and cooperative schemes theacost of irrigation inputs, while the
tenants in the public irrigated schemes of RNS thaycost of this item as a fixed rate for the
scheme administration at the end of the seasorrdingoto the type of the crop. The average
total cost of irrigation for the seasonal cropsEizeidab scheme ranged as SD 10000.00 to



39133.33 per feddan for abu70 forage and vegetabfes respectively, while the percentage of
this item was 19.9% of the total cost of product@ihe highest percentage overall the variable
items.

Assessment of on- farm water use efficiency

Assessment of the applied irrigation water und#rifiigation provides important indicators for
WUE in producing competing crops.

According to FAO and ICARDA studies, the concepbaffarm water use efficiency (FWUE)
was developed to address this complex situatidheatarm level. FWUE is defined as the ratio
of the required of irrigation water to produce a&dfic output level to the actual amount of
water applied by farmers. With this definition FWUWiay take the value of less than, greater
than or equal to one. If it is less than one ingtieat farmers over-irrigate their crops, while the
value greater than one implies that farmers undgyaie their crops. However, if the value of
the calculated FWUE is equal one, it means thahdas are fully efficient in using irrigation
water because the required and applied amountsatdrvare equal, as shown in the following
form:

FWUE = Wr/ Wa * 100.......... (Equation 1)

Where:

Wr: is the amount of water requiredJnby the crop to produce certain level of crop preiibn.
Wa: is the amount of water actually applied®Yy the farmers to produce that level of crop
production.

Evaluation of crop water requirements (CWR)

The study adopted the Food and Agriculture OrgaioizgFAOQ) to the calculation of irrigation
water requirements, from the estimation of cropffa@ent to the calculation of irrigation
diversion requirements. For most crops the proalinvolves the use of the FAO program
‘CropWat,’ and its associated database of climate datadpiskations around the world
Consumptive use of water in irrigated agricultiwaléfined as the water required in addition to
water from precipitation (soil moisture) for optilmalant growth during the growing season.
Optimal plant growth occurs when actual evapotraatpn (ETc) of crop is equal to its
potential Etc, and it is defined as actual evapstpaation of an irrigated grid cell for a given
month. The evapotranspiration (ETc) of crop undegation is obtained by multiplying certain
crop area with the summation of reference evapspiaation (ETo) with a crop-specific
coefficient (Etc=Area* sum Kc* ETo). This coefficie has been derived for four different
growing stages: the initial phase (just after sgmirhere the Kc is low), the development phase
(Kc increasing), the mid-phase (high value of Kofldate phase (again lower for Kc) it is
assumed that each phase for each crop take onpteakeemid-phase varies according to the
type of crop (FAO, 1998)

The study assembled the required data for caloml@WR namely, location of the scheme, the
grown crops, farming operation (planting and haimgsdates), and irrigation system operation
(efficiency), distribution of rain-fall by month, hile the important climatic parameters climatic
data are potential evaporation (Eo) and potentalpetranspiration (ETo) from plants and
rainfall.

Crop water applied by the scheme tenants

The approach developed in this study relies botlthenState Ministry of agriculture statistics
and modeling to provide a more reliable datasetlfstricts and schemes irrigated water use. By
combining as possible as the data of the irrigateshs, cropping patterns, socioeconomic
characteristics and irrigation system to assesarti@unt of water applied.

The water applied amount (Wa) in equation (1) walsutated by the irrigation unit of the RNS
Ministry of Agriculture and Irrigation for the s&apublic irrigated schemes according to season



2005/06 per watering as 588 ffed and it was consisted about 3% as a loselsdir seasonall
and perennial crops.

Surface irrigation is the dominant system for Eda#i scheme tenants, while the ground water is
main source for the small private schemes ovahalRNS. There are no impacts for the rain fall
in the area of study on the irrigated agricultune ¢b the annually slight levels less than 100mm.
The study revealed that all the seasonal crop amedsr study could be extended by using the
surplus water as a big gap between the CWa and &Witentioned in figure 3.0. It is obvious
that the devoted quantities of irrigation water evexceed the CWr of the mentioned crops
under the area of the study, and that might expthé low stress and attention on water
management, allocation, quantities and introduabfowater saving technologies.

Figure 3.0 The technological gap between CWa and CMfor RNS seasonal crops
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Source: The field survey 2006.

The above figure illustrates that the public irtegh schemes of RNS were over-irrigate their

crops entirely and this might confirm the unawassnef RNS tenants on CWr of the crops,

hence, that led to inefficiency of water use. FWIdEthe seasonal crops were estimated at two
levels namely, FWUE per watering and per seasaepisted in Table 1.0.

Table 1.0 Determination of FWUE per watering and pe season for the seasonal crops of
the surveyed tenants in Elzeidab scheme season 206

Crop No. of irrig. | FWUE- | Over-irrigation | FWUE- | Over-irrigation
Deficit (%) watering | % season | %

Average of

seasonal 22 0.40 60 0.56 46

crops

Source: The field survey 2006.

The average cultivated area of farm under the afestudy found to be as 6.0149 fed. The
average amount of water available to this areaavas the crop water requirements, while the
estimated surplus found to be sufficient for expdcéxtension irrigated area determined as
6.779 fed equal to 112% of the farm cultivated area

The annual peak period of the River Nile



The follow in Nile is generally even though out §year, but more than 60% of it is water flow
during August and September. The smaller seasmeas rof Dinder, Rahad and Atbara flow for
about four months only from July through Octobebdalla, 1995).

Figure 4....illustrates the annual peak period of theRiver Nile at RNS Elzeidab surveyed
tenants in season 2005/06

The annual peak period of the River Nile
1800
1600 /4 *
1400 77
g 1200
= 1000 | —a——
3 800 ——FH.LRN.
Z 600
400 —B—L.LRN:
200
0
jan.  feb. mar. apr. may jun  jul.  aug. sep. oct. nov.  dec.
month

Source: The field survey 2006.

From economical and a technical points, the reocedsow of the Nile led to increase the pump-
head and hence, it increases the fuel, spare parts,losses of irrigation water output. In
addition, the wasted time of replacing the pumfittavith water level, and all these contribute
to irrigation inefficiency. The study revealed thdte RN recession was affected a valuable
cultivated area estimated at 34776 feddan of tted tmiltivated area of the State 357145 fedan
equal to 10%, in addition large number of smaNaie scheme stand away as off-season area in
2005/06. Furthermore, the recession led to addamstvitems for irrigation cost such as pumps,
pipes and constructions for lifting water fromnisw levels.

Conclusion of theregression analysis

The regression analysis revealed the most facftestimg on- farm water use efficiency for
Public schemes of River Nile State in season 2@ 2vere: the average of tenants’ age,
family labour (man-day/fed), distance from homefitdd (km), hired labour (man-day/fed),
distance of farm to source of irrigation (km), nuenbf irrigation (per season), term of irrigation
(hour/fed), were found to be significantly at difaet levels and that by using wheat
productivity as a dependent factor

Conclusions, recommendations and policy implicatios

Based on the previous results, awareness of fart@rwae efficiency is a crucial factor to assess
the efficiency of resource use in its different dlsv The study adopted international
methodologies wishing to improve water use efficieparticularly in its farm level for multi-
crops and different economic situations. The ouggation due to misuse of water is considered
as a predominant phenomenon among the RNS tersamist led to losses of valuable amounts
of irrigation water. The stress on water lossesnadlly regards as a cost issue, while the ignored
dimension existed behind and causing negative @mviental consequences.

Accordingly the study proposed the following recoemdations:



The study detected that the overall WUE in the afestudy is generally low, there is a
great potential for improvement to save substaatibunts of water that can be used to
earn new irrigated areas and/or could be divedesther uses.

The socioeconomic characteristics regarding itiegawater use varies according to
scheme type and crop combination and that mightium to their perspective of crop
water requirements, type of irrigation system usadhilability and cost of irrigation
water, acreage of farm, awareness and extensivitcagrand might be other factors.
Accessibility of Irrigation water input is the magonstraint for crop production in the
study area due to the high input cost (fuel, gfre parts, and labor). Intervention of the
State is needed to ease having irrigation watheelty changing or improving the existed
irrigation system by introducing modern systemsman and technical capacity
particularly for the employee in the irrigation lfeto a level where they can improve
tenants performance and also contribute positit@eyngoing policy.

Improving and implementing proper policy is probatiie most feasible option not only
for using water efficiency but also for earning aets more profit and conserving
environment. As known policies create most of tbeditions that determine levels of
water use efficiency such as: farm size, watercation and costs, cropping pattern, input
subsidies and crop marketing.

The tenants’ behaviors and the dominant traditiocoakcepts of tenants and even to some
extend for public scheme administrators increabeddifficulties to improve water use
efficiency. They still largely depend on conventibrtoncepts of efficiency related to
manage water under normal conditions, and that nmsyitable and water scarcity and
that should be considered.

A recession flow of the Nile in August and Septemdiéect the availability of irrigation
water in October through February, this period agciding with apex crop irrigation
water requirements particularly the Winter ones algngrains, legumes and vegetables.
The study explored that RN recession was affecegrhtively a valuable cultivated area
estimated at 10% of the total cultivated area efRiver Nile State. The way out of this
water shortage should be planned and manipulatesugh one the water harvest
methodologies or/and learning alternative sucmteducing floater pump stations.
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