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ABSTRACT

The River Nile State (RNS) of Northern Sudan can rightly be considered as a river-born
nation with a high population density in the settled areas along the River Nile and Atbara
River. The competition for irrigation water and land increases resource management com-
plexity. The paper undertook the Elzeidab irrigated scheme of RNS as study area. The aim
of this research is to assess the social and economical performance of the scheme’s tenants
and to identify options to improve irrigation systems and water resource management. To
realize these objectives structured survey questionnaires, field observations, and literature
were used. A total of 70 randomly selected respondents from the Elzeidab scheme were
interviewed. Integrated techniques involving economic and hydrologic components are used
to assess water use efficiency in the RNS. Descriptive statistics and quantile analysis for crop
water was applied and crop water requirements for Elzeidab field crops are presented.
GAMS, Crop Wat4, and Cobb–Douglas function have been employed to evaluate the social
and economical performance of the Elzeidab scheme tenants. The results suggest that vast
irrigation water for agricultural production in the State coupled with low production will
need attention on water management, allocation, quantities, and introduction of irrigation
water saving technologies. Lack of tenants’ awareness led to inefficient water use. The paper
concluded that in order to improve the economic and environmental performance of public
pump irrigation schemes of the State, numerous challenges are needed to contribute to sav-
ing irrigation water in the future: institutional support (input supply, output marketing, and
credit services), training of tenants on improved crop and water management issues, regular
supervision, and monitoring of scheme activities are crucial.
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1. Introduction

River environment not only has strong influence
on the nation’s social structure, but it also determines
to a considerable degree the manner in which the
development of agricultural resources affects the total
economic growth of the nation. Worku [1] stated that

water is the major critical factor which has influenced
the pattern of agricultural production, the productiv-
ity of land, and the economic behavior of farmers.
Hence, the development of water resources has played
a primary role in the advancement of the total agrar-
ian sector and indirectly in the economic development
of the whole nation. In Sudan, despite the fact that the
water resource is abundant, irrigation water is still the*Corresponding author.
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most chronic constraint facing the agricultural sector
over the country. In the River Nile (RN) State, the
most important agricultural state in Northern Sudan,
the only possible means of irrigation is pump irriga-
tion from the Nile. The population growth and ineffi-
cient water use led to perpetual water scarcity
problem. The area that can be controlled by pumps in
feddan was significantly greater than the cultivated
one. This indicated high misuse of water due to
underutilizing capacity of those pumps. Faki et al. [2],
reported that in Northern Sudan the irrigation needs
are designated in terms of numbers of irrigations, not
actual quantities, and it is likely that reduction in
amounts per irrigation or even number of irrigations
may be possible without reducing the yield. The
paper considered the Elzeidab public irrigation
scheme as a case study. Elzeidab agricultural scheme
is the oldest and biggest scheme belonging to the
Northern Agricultural Production Corporation in the
Northern Region when it was established in 1904. The
total area of the scheme was about 30,000 feddans.
The delivery of irrigation water for the scheme
depends on the pump irrigation system from the RN.
The farm management is fully under the tenants’ con-
trol, while the government is considered as a water
seller besides designing agricultural policies. Although
the research work is important to assess and give rec-
ommendations for the socioeconomic situation in the
study area, in RNS a limited research has been con-
ducted to establish resources use system to maximize
the tenants’ net returns. The most predominant con-
straints facing irrigation water use in the state are:
low water use efficiency due to lack of knowledge on
the part of farmers, excessive water application rates,
rising water tables and salinity, inadequate extension
services and difficulties of access to the existing
research base, high construction, operation and main-
tenance costs, poor design, and low quality materials.
The constraints of WUE are partly of technical nature,
related to socioeconomic and institutional conditions.

Finally, this paper aims and looks to the latter
option(s), specifically to promote a more effective
social and economical performance of Elzeidab
scheme tenants through improvement of the existing
system and tenants conceptions towards irrigation
water, hence, to increase the irrigation water produc-
tivity in the public pump schemes of RNS.

2. Methodology

The study was carried in the Elzeidab public
irrigated scheme of RNS. The crops are commonly pro-
duced under pump irrigation from the RN to some

extent as well as from underground water. The farming
system of the RNS is mainly characterized as not fully-
mechanized system. The winter season is considered
the main season for producing cereal and legume
crops. Recently, the state has enlarged animal produc-
tion activities and oil crops. This study depends mainly
on primary data from the study area, a total of 70 ran-
domly selected respondents from Elzeidab scheme
were interviewed, besides secondary data from the rel-
evant official sources. The method selected for primary
data collection was direct personal interviewing of the
sample respondents by using structural questionnaires.
The primary data collected in season 2005/06 included
demographic and socioeconomic characteristics of the
surveyed tenants, the allocated crops through the farm
area, crop production, and the factors affecting water
use efficiency. Secondary data which were collected
from relevant institutional sources such as RN State
Ministry of Agriculture and Irrigation, Federal Ministry
of Agriculture and Forestry, Department of Planning
and Agricultural Economics, Arab Organization for
Agricultural and Development, Food and Agriculture
Organization (FAO), Agricultural Research Corpora-
tion, Khartoum, Gezira and Giessen Universities and
Bank of Sudan, and internet website. As precision
could be achieved, stratified random sampling based
on convince and flexibilities with probabilities to size
was used to determine the plausible size of the targeted
groups in Elzeidab public irrigated scheme of the RNS,
with considering the terms of cost, time, and other rele-
vant facilities. Twice research constraints were noticed
in the study area, first, the lack of infrastructure made
the movement over the study area difficult, and the
unavailability of transportation (except certain day(s)
per week for some parts of the study area), second,
some farmers were ignorant about the research work,
and hence, it required more time to obtain proper infor-
mation from them, moreover, some of them thought
that the research work aimed at taking taxes so they
refused to be interviewed. Furthermore, numerous
farmers reported that a lot of research work had been
done in their areas, without tangible returns to them.

2.1. Analytical techniques

To achieve the objectives stated, descriptive statisti-
cal and regression analysis using Cobb–Douglas pro-
duction function was used. In the descriptive part of
the analysis, frequency, distribution, graphical, and sta-
tistical analysis were used. Different forms were tried
to choose the best representative model. Cobb–Douglas
production function analysis using ordinary least
squares regression was used to assess the effect of the
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hypothesized independent variables on water use
efficiency.

Numerous algebraic equations and forms can be
used in deriving production functions. The degree of
influence, level of significance and nature of relation-
ship between the dependent variables in this study,
algorithmic form of Cobb–Douglas function was
proposed in this analysis.

The general form of the transformed logarithmic
Cobb–Douglas production function could be written
as follows:

Log Y ¼ Log aþ b1 log x1 þ b2 log x2 þ � � � þ bn log xn

where Y is the crop yield in sacks; x1, x2, … xn are
exogenous variables; b1, b2, … bn are the production
elasticities with respect to individual resources. The
above model is applied and estimated for the amounts
of water used for agriculture production in the public
irrigated schemes under study.

The calculation of the crop water requirements
(CWR) of any crop requires estimation of its crop
coefficient (Kc). Kc values could be used for estima-
tion of CWR as a product of Kc�ETo in the RNS as
well as other similar regions of the Sudan. Recently,
FAO Penman–Monteith method was developed to
estimate ETo values from a hypothetical reference
crop that were more consistent with the actual CWR
and has been recommended by FAO as the standard
method for CWR calculation designed in the software
program CROP WAT4.

3. Results and discusion

3.1. Socioeconomic characteristics of the tenants

The socioeconomic characteristics of the tenants
are expected to have a great effect on the production
process in the study area. In addition to increasing
crop production and farm and family incomes,
improved irrigation access significantly contributes to
rural poverty reduction through improved employ-
ment and livelihood within a region [3]. The main
socioeconomic information collected was on tenants’
education level, marital status, age, family size, family
contribution in field work, years of experience,
occupations in and/or out farm, distance between the
tenants’ home and field, farm size of tenants, and land
tenure beside some data regarded their farm activities.

From Table 1, the major socioeconomic characteris-
tics of Elzeidab farmers are all farmers in the sample
are males and 85.7% were married and 14.3% of them
were single, while the paper provided the other socio-
economic characteristics broadly as follow:

3.1.1. Age of tenants

The average farmers’ age is 40 years. No doubt age
is one of the farmers’ demographic characteristics,
which influences the quality of his/her decision and
his/her attitude towards accepting new ideas and
there is generally a negative correlation between a
farmer’s age and his/her rate of adopting innovations.
The paper revealed that there were no tenants older
than 61 years, tenants younger than 30 years consti-
tuted 11.4% and the age groups 30–45 and 46–60 years
constituted 68.6 and 20%, respectively. It is clear that
younger tenants formed the lowest percent among the
scheme tenant indicating negative consequences for
adopting new irrigation technologies.

3.1.2. Family size

As can be seen from the previous table, the
average family size of surveyed tenants was seven
members ranging from 1 to 15 members. Small fami-
lies (less or equal to three persons) constituted the
highest percentage of 43%, while the medium and
large ones were 35.7 and 21.4%, respectively. Internet
report [4] mentioned that Sudanese extended families
include uncles and cousins going back several genera-
tions. For people in the north who are farmers and
herders, the family status still depends on the size of
the farm and herd. In settled villages, certain families
hold the rights to own land. In the past, colonial
governments sometimes gave powerful positions to
certain families. These family groups have gradually
become part of the modern political system, but
traditional ideas about power and status endure.
According to this background, the small family’s
percentage 43% indicates low efficiency of farm opera-
tion, hence inefficiency of irrigation water use.

3.1.3. Years of experience in agriculture

Years of experience in agriculture are an important
indicator to a farm output. Johnsen [5] stated that

Table 1
Major socioeconomic characteristics of Elzeidab surveyed
tenants

Indicator Mean STD

Age 39.9 9.8

Family size 7 3.2

Years of experience 19.9 12.3

Farm size 8.2 6.9

Tenants’ resident to farm 2.7 3.2

Number of family labor 2.0 1.8
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Africa is the source of much of the world’s agricul-
tural knowledge and biodiversity. African farmers
represent a wealth of innovations. This rich basis of
biodiversity still exists in Africa today, thanks to the
80% of farmers in Africa (Kenya, Ethiopia, and Sudan)
who continue to save seed in a range of diverse eco-
systems across the continent. The average number of
years of experience of surveyed tenants was about
20 years, ranging between one and 54 years indicating
that tenants had been involved in farm work since
they were children. The children usually join their
farms during the school holidays (7 years old). The
results hint that a high cumulative experience in crop
production in study area might affect positively on
irrigation water use.

3.1.4. Land tenure

In many countries, land tenure system combines
private use rights with public ownership to private
economic incentives for farm household, while
stopping short of allowing full land ownership and
alienable rights [6].

Table 2 detects that the majority (50%) of surveyed
tenancies were rented while those owned, shared, and
mixed land were 27.1, 2.9, and 20%, respectively.

3.1.5. Farm size

Differences in amounts of irrigation water applied
and time spent irrigating might exist between farms
of different sizes. Differences in soil types and on-
farm irrigation water turnouts also were assumed to
be factors that would influence water applied and
time spent irrigating. Eastwood et al. [7], mentioned
that the farm size or the farmer’s holding significantly
affects crop productivity. Operated farm size rises
with level of economic development, especially in the
twentieth century. Thus, the survey results unveiled
that the average farm size in Elzeidab scheme was
8.2 feddan per farm household with a range of 28–

1 feddan, categorizes tenants’ holding into small
farm (owning less than 3 feddan), medium farm (own-
ing 3–8 feddan), and large farm (owning more than
8 feddan). Last decades the RNS witnessed an increase
in the numbers of farms in the smallest acreage cate-
gories grew dramatically as a result of land splits. The
small size of these farms resulted from land fragmen-
tation under private and cooperative schemes due to
the inheritance laws of Islam, and recently in the
public schemes due to increasing of tenant’s family
size constraining applying of numerous technologies
implies modern irrigation system.

3.1.6. Educational levels

Many studies indicated that education improves
the ability of farmers to appreciate the potentials of a
new technology and use of modern inputs leading to
a more efficient transfer process. Xinhaua [8] stated
that educational standards have become important
factors in determining farmers’ income levels.

In Sudan generally, there are two type of educa-
tion, namely formal and informal. Formal education
includes four levels (foundation school, high school,
university, and post graduate education) while
informal education consists of only one level namely
“Khalwa.” Khalwa in Sudan is known as a pre-school
Qur’anic school for boys aged 6–18 years. It was con-
sidered the main source of receiving education before
1898 when Sudan was colonized by British and a new
education system had been established. Currently, the
Khalwa schools are prevalent in a few numbers
over north, west, and east of Sudan. It generally takes
3–4 years to acquire a perfect knowledge of the Qur’an
as an apprenticeship of written Arabic. The children,
who are all boarders, follow a very traditional teach-
ing and lifestyle.

The paper found that all surveyed tenants are edu-
cated where the level of education at a certain point
can influence the adoption of modern technologies
especially the irrigation one and improve the farm
system as depicted in Fig. 1.

3.1.7. Occupation

Governmental policy for irrigated schemes in
Sudan aims at keeping the tenants fully occupied with
their tenancies. However, off-farm occupations among
others are quite common. From a historical perspec-
tive, the number of full-time farm operators in numer-
ous developing countries has fallen by 24% since
1982, while the number of part time farm operators
has fallen by 18%. The survey revealed that 74% were

Table 2
Frequency distribution of surveyed tenants according to
land tenure

Land tenure group No. of tenants Percentage

Owned 19 27.1

Rental 35 50

Share 2 2.9

Mixed 14 20

Total 70 100
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fully occupied with their tenancies while 26% of the
total surveyed tenants were part-time tenants. The
tenants seek part-time job opportunities to improve
their standard living due to their weak capabilities to
face expenditure requirements in production seasons
this besides their household expenditures. Further-
more, the returns of agricultural activities became
insufficient to cover the basic needs of their lives.
These part-time jobs such as formal employment and
trade are shown in shown in Table 3. Thus, increasing
of devoted time to occupy in farm might raise the
efficiency of the applied irrigation water.

3.1.8. Contribution of family to farm production

Families can enhance their relationships and trust
levels by building skills in communication, goal-setting,
decision-making, role negotiation, problem-solving,
conflict resolution, and strategic planning. Rose [9]
indicated that farmers’ families encompass various
affiliates that offer a variety of financial products and
services in addition to insurance. The majority of sur-
veyed tenants reported that about 84.3% of their family
members contribute to farm work while for a few of
them 15.7% of family member did not contribute to
farm production. However, family members, not only

can they agree on a shared family vision with shared
economic and social goals, but they also can develop a
team effort. A team effort can help accomplish a shared
family vision that can increase net profitability [10].
The average number of family’s labor of surveyed
farmers was two members. The majority 54% of the
surveyed farmer’s family’s labor contribute to the farm
work by less than two members, while the contribution
of family’s labor share for the other categories non-fam-
ily’s labor, 2–4 members and greater than 4 were 15.7,
28.6, and 1.4%, respectively.

3.1.9. Distance from tenants residence to farm

The distance factor is related to the point in time
of a voluntary quit or a refusal of suitable work.

In other words, when an individual quits work
because he feels that the work is too far distant from
his residence, we ordinarily consider the location of
the claimant’s “residence” as of the date of the separa-
tion rather than where the “residence” may have been
at some earlier time [11].

The average distance from tenant’s residence to
farm of the surveyed tenants of Elzeidab was 2.7 km
with maximum and minimum distances of 20 and
0.2 km, respectively, as illustrated in Table 4.

3.2. Determination of irrigation water use and CWR

Sustainability of providing water for irrigation with
perfect management under reliable irrigation system
should achieve efficient irrigation that would further
lead to expansion in the irrigated area under
cultivation and consequently increases agricultural
production. Thus, on-farm irrigation water use
efficiency (FWUE) is defined by ICARDA (2001) as the

Fig. 1. Frequency distribution of surveyed tenants
according to the educational level.

Table 3
Frequency distribution of the surveyed tenants according
to occupation

Occupation group Number of tenants Percentage

Part-time farm occupation 18 26

Full-time farm occupation 52 74

Total 70 100

Table 4
Frequency distribution according to distance from tenant’s
residence to farm

Distance group No of tenants Percent

Less than 3 km 43 61.4

3–6 km 21 30

Greater than 6 km 6 8.6

Total 70 100

Statistics Statistics

Mean 2.7

Std. deviation 3.2

Minimum 0.20

Maximum 20
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ratio of the irrigation water required to produce a spe-
cific output level to the actual amount of water applied
by farmers. With this definition, FWUE may take the
value of less, greater, or equal to one. Less than one
implies that farmers over-irrigate their crops, while the
value greater than one implies that farmers under-irri-
gate their crops. However, if the value of the calculated
FWUE is equal one, it means that farmers are fully effi-
cient in using irrigation water because the required
and applied amounts of water are equal. However, the
study adopted the FAO method for the calculation of
irrigation water requirements; from the estimation of
Kc to the calculation of irrigation diversion require-
ments. For the CWR under study, the procedures
involve the use of the FAO program “CropWat.4” and
its associated database of climatic data for key stations
around the world. Table 5 represents the results
obtained by using Crop Wat.4 program.

The paper focused on the important field crops of
Elzeidab scheme namely, wheat, faba bean, chick pea,
dry bean, onions, spices, vegetables, sorghum, maize,
potatoes, and abu70 forage. The CWR for the different
field crops according to the predominant of climatic
factors in RNS for season 2005/06 varies from crop to
another as shown in the above Table. The calculation
of rainfall was not considered into the above account
because rainfall for RNS is variable, does not exceed
100mm per year, and is unpredictable. While the
approach developed in this study relies on both the
State Ministry of Agriculture statistics and modeling to
provide a more reliable dataset for districts and water
use in irrigated schemes by combining as far as possi-
ble the data of the irrigated areas, cropping patterns,
socioeconomic characteristics, and irrigation system to
assess the amount of water applied. In regarding to
this assumption that equation one used to determine
the FWUE as shown by the following form:

FWUE ¼ Wr=Wa� 100 ð1Þ

where Wr is the amount of water required (m3) by the
crop to produce certain level of production; Wa is the
amount of water actually applied (m3) by the farmers
to produce that level of production.

The applied water amount (Wa) in Eq. (1) was
calculated by the irrigation unit of the RNS Ministry
of Agriculture and Irrigation for the State public irri-
gated schemes according to season 2005/06 as
588m3/fed per watering and it consisted of about 3%
as losses for both field and perennial crops. Surface
irrigation is the dominant system in Elzeidab scheme,
while ground water is main source for the small
private schemes overall the RNS.

3.3. Hints of Ezeidab surveyed tenants’ behavior vs. on-
farm irrigation water use

The general characteristics of the field crops
produced in the scheme are summarized as average
quantities as reported by the surveyed tenants and
also they implies their behaviors in utilizing irrigation
water. The study revealed that the number of irriga-
tions and average water applied by interval for each
field crops. The pattern of water application to the
field crops is similar across the scheme. The distribu-
tion of crop growing period revealed that the onions
remain as 141.8 day as a long age among the field
crops under the study, followed by the vegetables as
130 day, 114 for wheat, while 112 for both sorghum
and maize, 110 for potato, and 75day for fodder crop
as the lowest crop age. The crop ages ranged between
90–104days. The minimum maximum tendency num-
ber of irrigation is 4–10 irrigation for fodder and
potato, vegetable, and onion crops, respectively, while
the term of irrigation ranged between 2–5 h for dry
bean and potato crops, respectively, and the
maximum interval was 18.30 day for chick pea crop,
while the minimum interval as 10day for potato crop.
The fixed rate of irrigation per season ranged between
39133.33 SD/fed- 10,000 SD/fed for vegetable and
fodder crops, respectively.

3.4. Duration and crop water applied

The problems and constrains on the use of irri-
gation water level in the state as reported by many
studies include: low water use efficiency due to lack
of knowledge on the part of farmers, excessive
water application rates, rising water tables and
salinity, inadequate extension services, and difficul-
ties of access to existing research base high con-
struction, operation, and maintenance costs, poor
design, and low quality materials. Commonly, the
constraints of WUE are partly of a technical nature,
related to socioeconomic and institutional conditions.
Prior to data analysis, it was hypothesized that dif-
ferences in amounts of irrigation water applied and

Table 5
Assessment of FWUE per season for the crops of the
surveyed tenants in Elzeidab scheme

Farm
size
(fed)

Cultivated
area (fed)

Physical gap
of CWa &
Wr (m3)

Expected
extension
area (fed)

Expected
extension
area (%)

8.51 6.0 15140.6 6.8 112

Fed (feddan) = 0.42Hectare.
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time spent irrigating would exist between area of
different crops. Differences in soil types and on-farm
irrigation water turnouts also were assumed to be
factors that would influence water applied and time
spent irrigating. The scheme’s 2005/2006 accounting
of water delivered does not reflect measurements in
the field. The water delivery data analyzed are
based on engineering estimates of canal deliveries.
As known, the function of the supply canal is to
carry irrigation water from the pump station
through its out-let to the field, but in Elzeidab case
it has more than one function; that it stores irriga-
tion water between the head-tail of the canal as an
old technique used in the scheme called night stor-
age system. The irrigation system carries irrigation
water via a system of canals according to the size
(i.e. main, major, minor canals, Abu ishreen⁄, and
abu sita⁄) as shown in Table 6. Irrigation water is
supplied through the scheme’s irrigation network to
irrigate a rotational area estimated at 16,000 feddans
out of the 28,500 feddans. During examination of the
2005/2006 water delivery data provided by the Irri-
gation Department of the State ministry of Agricul-
ture implies the average daily pumping duration of
the pump station, quantity of the delivered water
per irrigation and others, while the information of
irrigation durations between crops were collected
from the surveyed tenants of the scheme.

The scheme data included start and stop times
for water deliveries, and spreadsheet functions were
used to estimate total irrigation durations and irriga-
tion durations per feddan. Irrigation duration (i.e.,
h/fed/irrigation) is an indicator of field level irriga-
tion efficiency, and is particularly useful when
measurements of water applied are unreliable. The

average daily pumping duration of the pump station
is estimated at 10–12h throughout the production
season; while the total quantity of the delivered
water per irrigation was estimated at 8,864,640m3

including water loses. This amount is devoted to
the cultivated area of the scheme of 14,700 feddans
for both perennial and field crops when they exist
simultaneously. About 78% of the total delivered
water per watering was devoted to the seasonal
crops with an area of 11,700 fed, while the remain-
ing amount is allocated to the perennial crops. A
long duration can be caused by several factors,
including lack of attention to irrigation practices,
lack of knowledge of CWR, highly permeable soils,
small and/or unlined farm ditches, small farm turn-
outs, several users on a single delivery ditch
attempting to irrigate simultaneously, and low water
discharge at the farm turnout. The low discharge
can be due to both poor water delivery infrastruc-
ture at the farm turnout and insufficient flows, a
single factor, or a combination of several factors.
Descriptive statistics and quantile analysis represent-
ing irrigation durations with comparing to the crop
water applied in Fig. 2 for Elzeidab field crops. The
irrigation pattern is very similar for Elzeidab field
crops. Differences in average irrigation duration per
season exist across all field crops and striking.
Fig. 2 shows that dry bean formed the lowest irriga-
tion duration, while potatoes and onions regarded
as the longest irrigation durations. Common reasons
identified for long durations were the condition of
the farm delivery ditches, growing period of the
crop implying season’s variability, and the size of
the on-farm turnouts. In several cases, the water
was moving so slowly through the farm delivery
ditches toward the on-farm turnouts.

Table 6
Physical gap of CWa and CWr for average cultivated farm
of Elzeidab surveyed tenants

Crop CWr
(m3/fed)

CWa
(m3/fed)

FWUE/
season

% Over
irrigation

Wheat 2,396 3,756 0.64 36

Faba bean 1,700 3,708 0.46 54

Chickpea 1,746 2,411 0.72 28

Dry bean 2099 3,528 0.59 41

Onions 2,606 8,820 0.30 70

Spices 2,153 3,332 0.65 35

Vegetables 2000 8,820 0.23 77

Sorghum 2,171 3,426 0.63 37

Maize 2,590 3,822 0.68 32

Potato 2,870 5,880 0.49 51

Abu 70 1,697 2,352 0.72 28 Fig. 2. Seasonal duration of irrigation and total crop water
applied for Elzeidab field crops.
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Fig. 2 also indicates the gap between the total crop
water applied for the field crops and the irrigation
duration implies three categories. It is clear that the
greatest gap was achieved by vegetables, onions,
legumes, and fodder crops, respectively, as the first
category, ranked by cereal crops as the second cate-
gory including wheat, sorghum, and maize as moder-
ated crops, while the smallest gap was formed by
potatoes crop as the third category. The cumulative
distributions in Fig. 2, constitute the gap of total irri-
gation hours and crop water applied as discussed
above under this research, which might suggest a cor-
relation between them. When asked about the length
of time spent irrigating their fields, several individuals
complained about the bad conditions of the on-farm
delivery ditch from which they took their water. The
scheme tenants’ have no responsibility or authority
for maintaining these ditches, and they noted that
siltation, weeds, and breaks were factors that resulted
in long irrigation durations. Overall, the levels of
irrigation technology and water management found
on surveyed area were extremely low, and often as a
consequence of inadequate irrigation design. The prin-
cipal design problem found was narrow diameter
farm turnouts which cannot physically deliver to the
field the minimum flow necessary to rapidly push the
water across the field, thus reducing both the time
spent irrigating and infiltration losses during the
irrigation process. On the other hand, the number of
irrigation in the public irrigated scheme of RNS as
described by Faki [2] that the irrigation needs are des-
ignated in terms of numbers of irrigations, not actual
quantities, and it is likely that reduction in amounts
per irrigation or even number of irrigations may be
possible without reducing yield. Thus, lack of knowl-
edge about an inattention to irrigation scheduling
based on CWR contribute to low on-farm water
use efficiency. Traditional irrigation timing practices
(i.e. every 7–14days throughout the irrigation season)
contribute to over-irrigation at the beginning and end
of the irrigation season, plant stress at peak crop
water use periods, and can result in reductions in
both crop yields and quality.

3.5. Assessment of FWUE in area of the study

FWUE of Elzeidab field crops were estimated at
two levels namely, FWUE per watering and per
season as shown in Table 5. The average water
application per season for field crops’ area was
8,820m3 for onions and vegetables as the highest
amounts, followed by 5,880m3 for potatoes, while
the water amounts for the other crops ranged
between 3,822 and 2,352m3 as evident from Table 5.

FWUE for some seasonal crops is relatively high
given that onions, vegetables and potatoes crops are
very water demanding through their growing season
which took about 141, 130, and 110 days, respec-
tively. The estimated FWUE of Elzeidab scheme
indicated a wide technological gab between the
required utilization and actual water application, as
depicted in Table 5.

According to Table 5, FWUE for the field crops
per watering was found to be 0.46 for maize and
spices as the highest FWUE, followed by 0.45 and
0.43 for dry bean and chickpea, respectively. It was
found to be similar for wheat, faba bean, and sor-
ghum at 0.41, while it was 0.34 for vegetables as
the lowest one. This implies that farmers over-irri-
gated maize and spices by 54% and vegetable by
66%. On the other hand, FWUE amounted to as
high as 0.72 for chick pea and Abu70, followed by
0.68, 0.64, and 0.63 for maize, wheat, and sorghum,
respectively, while it was as low as 0.23 and 0.30
for vegetables and onions, respectively. This implies
that farmers over-irrigate their crops by 28% as the
case for both chick pea and Abu70 and by 77% for
vegetable crops.

The results also show that farmers within the sur-
veyed sample over-irrigated entirely their field crops.
Generally in this study, the overall average FWUE
was calculated as 0.40 per watering and 0.56 per sea-
son. The study also unveil that Elzeidab scheme ten-
ants exceeded the field crops water requirements per
watering by 60% and by 46% for the entire season,
hinting that farmers within the surveyed sample
over-irrigated entirely their field crops, suggesting
high potential for irrigation water use, once FWUE is
improved. This has important policy implication such
that, improving FWUE for these crops, can contribute
to the overall FWUE in the study area.

Table 6 presents the gap between the actual
applied water and the water requirements for Ezeidab
field crops. The average cultivated farm area in the
area of study was approximately 6 feddans. The
average amount of water available to this area
was 28,573.05m3; while the average CWR was
13,432.46m3.

The estimated surplus water at 15,141m3 would be
sufficient for potential extensions in the irrigated area
by 6.779 fed, which would be 112% of the farm culti-
vated area as investigated in Fig. 2. Table 6 shows the
detailed results of field crops water application and
requirements of Elzeidab scheme in season 2005/06.
Table 6 also presents the CWR and CWa balance and
land allocation for field crops combination that under-
took by Elzeidab tenants.
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3.6. Yield and water productivity

The profitability of adopting new irrigation tech-
nologies depends on the level of productivity
improvement [12]. The crop combination adopted by
the scheme’s tenants is as illustrated in Table 7. It rep-
resents the crop yields achieved by Elzeidab surveyed
tenants were generally low when compared by
research yields reported by the Agricultural Research
and Technology Corporation (ARTC).

Yield gaps of 47 and 81% apply for dry bean and
vegetable crops, respectively, indicated that much
potential gap exists to increase the scheme’s yields of
field crops. While water productivity is defined by
ICARDA in several different ways, such as pure phys-
ical productivity as the ratio of crop production (kg)
to the unit of water used (m3) and in a monetary term
is also computed in Sudanese Dinars (SD) of output
per m3 of water to provide it more indicators. As
depicted in Table 7 and on the basis of the previous
calculations of water productivity for different crops,
water productivity in technical or economic terms has
important implications on the assessment and ranking
the field crops. Physical water productivity (technical
method) derived as kg of output per m3 of water
(Table 7) shows that the highest water productivity
was 0.68 kg/m3 for potatoes, followed by onions at
0.330 kg/m3, while it was, in descending order, 0.290,
0.224, 0.210, 0.190, 0.180, 0.172, 0.153, and 0.132 kg/m3

for sorghum, maize, vegetables, spices, wheat, chick
pea, dry beans, and faba bean, respectively, was gen-
erally low.

On the other hand, and from Table 7 and it ranged
between 5.452 and 2.471 SD/m3 reported for spices
and onions, respectively.

3.7. Factors affecting irrigation water use in Elzeidab
scheme

Analysis of efficiency of resource allocation can be
accomplished by estimating input response or produc-
tion functions for various crops and examining
resource use through production economics analysis.
The data were statistically fitted to several algebraic
forms of production functions, a few of which were
the linear model, the Cobb–Douglas, the quadratic,
and the cubic forms [1]. The model used in the study
is based on Cobb–Douglas production function using
the primary data of the field survey 2006 and ana-
lyzed with the software program SPSS. The model sat-
isfies some of the specific aims of the research as far
as the factors affecting WUE of the field crops of
Elzeidab scheme are concerned. In the model, wheat
was taken as a case for the field crops due to it is big-
gest area share (25% of the total cultivated area).
Wheat productivity (kg/fed) for season 2005/2006
was taken as dependent variable, while the average of
tenants’ age, family labor (man-d/fed), distance from
home to field (km), hired labor (man-d/fed), distance
of farm to source of irrigation (km), number of irriga-
tions (per season), and time per irrigation (h/fed). All
the variables had the expected signs with their coeffi-
cients passing the t-test at different significant levels.
The F-statistics of 15.11 was significant. The model is
specified in a linear–linear form; hence, the coeffi-
cients of the variables represent the corresponding
elasticities that indicate the relative change in water
applied to wheat (m3/fed) relative to the change in
independent variables. The variables included in the
model were found to be significant at different levels
as illustrated in Table 8. From Table 8, the age of ten-
ants has got coefficient of �0.26 indicates a one per-
cent increase on tenants’ age will decrease the yield
by 0.26%, while the numbers of hired and family
labors represent a relative increase of 1% in hired and
family labor will cause a relative increase of 0.94 and
0.40% in yield of wheat, respectively.

The result shows that the coefficient of home to
field variable has got a positive sign explaining an
increase of yield by 1.120% and the coefficient for the
distance from source of irrigation to a farm was found
as 0.819 indicating a decrease of yield by 0.819%.

The number of irrigation variable of wheat pro-
vides a relative increase of 1% in number of irriga-
tion will cause a relative increase of 0.42% in yield
of wheat. While the time of watering per hour/fed
has got a negative coefficient indicating a decrease
in wheat productivity by 1.446%. The regression
analysis concluded that, the mentioned variables in
Table 8 factors affecting wheat productivity and give

Table 7
Determination of yield and productivity per unit water in
monetary terms for crops in Elzeidab

Crop Yield
(kg)

ARTC
yield
(kg/fed)

Yield
gap
(%)

Water
prod.
(kg/m3)

Water
prod.
(SD/m3)

Wheat 676 2000 66 0.18 3.62

Faba bean 489 1,500 67 0.13 4.03

Chick pea 414 1,250 67 0.17 5.14

Dry bean 540 12,000 55 0.15 3.69

Onions 2,880 1,200 76 0.33 2.47

Spices 630 Na. Na. 0.2 5.45

Vegetables 1853 10,000 81 0.21 4.44

Sorghum 1,005 1,700 41 0.29 3.59

Maize 855 1,700 50 0.22 3.01

Potato 4,000 10,000 60 0.68 2.89
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impressive indicator to assess the on- farm water
use efficiency for Elzeidab field crops of RN State in
season 2005/2006.

4. Conclusion and policy implications

Based on quantitative analysis and obtained results
for achieving the main objective of this study implies
assessment of social and economical performance of
Elzeidab scheme tenants, the results presented here
demonstrate that there are differences in irrigation
water use relative to the type of the crops under
study. The results presented here were interpreted to
explain the tenants’ behavior towards irrigating their
field crops in the area of study, and that might raise
numerous questions with some shortcomings in mind.
Overall, surface irrigation is dominant system in the
RNS and is regarded as having very low efficiency
leading to the low FWUE in the majority of the public
irrigated schemes; the following policy implication
can be adopted:

• Irrigation infrastructures of the scheme limit the
rate at which water can be diverted to farms,
resulting in runoff, greater carriage water losses,
and deep percolation. Modern irrigation technolo-
gies and other necessary infrastructure improve-
ments are unlikely to occur as a result of limited
financial resources, hence, improving finance insti-
tutions of the scheme will enable the tenants to
improve their resources use and significantly
increase their farm returns.

• The awareness about CWR is absent overall the
surveyed tenants, probably due limited extension
services, thus adoption of a participatory approach
by the scheme administrators and tenants to man-
age irrigation water is a big incentive for tenants to
adopt modern water-saving technologies. Thus,
promoting tenants’ awareness about the importance

of water for agriculture, life, and environment
through efficient structure that can be applied by
the extension system.

• All field crops receiving irrigation water in excess
of the consumptive use benchmarks (CWR), that
the estimated FWUE indicates a wide technological
gab between the CWR and the actual applied water
reaching 40% per watering and 56% for entire the
season. The estimated surplus water is sufficient
for expanding the scheme’s irrigated by 112%. So,
the high potential for improvement to save valu-
able amounts of water that can be used to increase
new irrigated areas.

• Intervention of the State is needed to ease irriga-
tion-water availability and improve water-use effi-
ciency either by changing or modernizing the
existing irrigation system, adoption of the recom-
mended water use technologies, and introduction
of modern irrigation technologies.

• As discussed above, the gap of irrigation duration
and crop water applied may be a better indicator of
water deliveries than the scheme-recorded data if
overhauled by research work and the scheme’s
water accounting procedures do not document the
on-farm water use which is regard as important
processing to assess the tenants performance
towards irrigation water.

• The study unveiled the low value of most of the
field crops particularly the strategic ones, wheat
and faba beans, so incentives should be provided
to make these crops more profitable due to their
importance for food security. Relevant policies may
include reducing production costs or interventions
to purchase them at reasonable prices.

• Water productivity in monetary and physical terms
was generally low, the highest for the former was
5.452 SD/m3 for spices, and for the latter was
0.680 kg/m3 for potatoes.

Table 8
Regression equation results for wheat crop

Variables Co-efficient Standard-error t-value Level of significant

Intercept �13.482 6.220 �3.169 ⁄

Age �0.264 0.629 �2.700 ⁄

Family labors 0.400 0.694 4.013 ⁄⁄

Hired labors 0.942 0.509 5.303 ⁄⁄⁄

Home to field 1.120 0.929 8.096 ⁄⁄⁄

Water source �0.819 0.000 �7.903 ⁄⁄⁄

No. of irrigation 0.421 0.419 2.533 ⁄

Term of irrigation �1.446 0.765 �5.875 ⁄⁄⁄

Notes: R2 = 0.93Adjusted R2 = 0.88. F-value= 17.87. ⁄=Significant at 90% level of probability, ⁄⁄=Significant at 95% level of probability

and ⁄⁄⁄=Significant at 99% level of probability. Source: Computed from the field survey data, 2006.
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• The main factors affecting FWUE for field crops in
the State in season 2005/2006 as measured by
wheat productivity were: the tenant age, family
labor amount, distance from home to field, hired
labor amount, distance of farm to source of irriga-
tion, number of irrigations per season, and duration
of irrigation.
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