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ABSTRACT   
 
 This experiment was conducted at the Faculty of Agricultural Technology and Fish Science, University of 
Al Neelain Jebel Aulia 40 km south of Khartoum during the winter season of 2010 and 2011. The site lies in the 
semi-arid zone and its soil is salt affected. The objective is to aid farmers to estimate amount of water to apply 
(W mm) for selected yield level (Y kg/ha).  As such the goal of the study was directed to determine both 
applied water production function (wpf) and the evapotranspiration production function (Etpf) for cucumber 
plant under drip irrigation system in open fields. Six levels of water regimes were applied namely: 190mm, 
380mm, 570mm, 760 mm, 950mm and 1140mm. The measured water production function obtained using a drip 
irrigation system is curvilinear in nature and follows a second order polynomial relationship of the form:  y = 
0.019 W2 + 29.01W + 1143 (R2 = 0.999). While the linear relationship between yield and evapotranspiration 
was formulated as:   y = 24.11 ETc + 39.14 (R2= 0.997).  
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Introduction 
 
 In semiarid areas of the world, soil water deficits and excessively high temperatures are probably the most 
common yield-limiting factors in crops. Most of Sudan areas lie in arid and semi-arid climate. Sudan is 
agricultural country, with vast area that need to be utilized efficiently for self-satisfaction and with substantial 
excess for export. Utilization of soil resources for reliable agricultural development is constraint by water 
availability. Water resources in Sudan are mainly from the Nile its tributaries, underground water aquifers and 
rain. Withdrawal from Nile water is governed by Nile Water Agreement, where Sudan share is almost 
exploited. Use of ground water is expensive undertaking. Harvesting of rain water is limited to areas with rain 
fall more than 200 mm per annum .However, one third of the country lies in areas of rain less than the limit of 
200 mm / annum. Hence, for sustainable development it is essential to conserve available and limited water 
resources. Possible avenues are to employ high efficiency pressurized irrigation methods (sprinkler or drip 
irrigation) or to practice intended deficit irrigation if relation between applied water and obtained crop yield can 
be quantified.   
 To improve yields, many scientists are seeking means of reducing the effects of drought and making 
agricultural water use more efficient. Water use efficiency (WUE) generally describes crop production per unit 
of water use during season. Irrigation accounts for up to 95% of consumptive use of fresh water in Sudan. A 
decrease in irrigation consumption is required to meet the needs of increasing agricultural production. There is a 
clear need for greater quantification of crop water use and water use efficiency as affected by irrigation method, 
climate, crop variety, soils, water quality and management. 
 The water production function (wpf) represents the relationship between crop yield and seasonal water 
applied (Mao et al (2003). As given by Jensen and Musick, (1960); Jensen and Sletten, 1965); Musick and 
Sletten, (1966); Hanks et al., (1969) the relationship between yield and seasonal evapotranspiration can be 
characterized by the evapotranspiration production function (Etpf) in linear form. Cucumber is one of the most 
popular vegetables cultivated in our world. It requires more water than grain crop (Li and Wang, 2000; Mao et 
al.; 2003). Mao et al. (2003) found that fresh fruit yields of cucumber were highly affected by the total volume 
of irrigation water at all growth stages. Variation in soil moisture in the root zone from beginning to end of 
growing season will be small under trickle irrigation due to the small volume of wetted soil. Mao et al (2003) 
working on cucumber for a linear relationship between water of irrigation and yield for the whole growth period 
in greenhouse as:          
Y= 0.095W+ 119.6       with R2 = 0.885            (1)  
 
Where:    Y= is in kg/ha and W= is in mm  
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 Whereas, Simsaka et al. (2005) reported that cucumber fruit yield ranged from 40 to 70 t/ha and was 
significantly reduced as drip irrigation rate decreased from 900 to 600mm. From their studies they found 
polynomial relationship between irrigation water and cucumber fruit yield. 
Y= -0.00014 W2 + 0.0268 W – 55.086    with R2= 0.91         (2)  
 
Where:    Y= is in kg/ha and W= is in mm  
 The relationship between crop yield and seasonal evapotranspiration can be characterized by the 
evapotranspiration production function (Etpf) (Jensen and Musick, 1960; Jensen and Sletten, 1965; Hillel and 
Guron, 1973). The relationship between crop yield and evapotranspiration (Et) is often linear. The wpf is linear 
in the deficit irrigation range, because all the applied water is used as Et and the wpf is equal to the Etpf 
(Stewart and Hagan, 1973; Kallsen et al., 1984; Garrity et al., 1982). However, non-linear Etpf relationships 
have been reported (Turk et al., 1980; Hanks, 1983). Anon-linear response indicates that not all water was used 
by the crop, because some went to deep drainage and the Etpf function is really awpf function. The wpf 
becomes curvilinear as more of the applied water goes to deep drainage. Generally, a curvilinear wpf is 
expressed as a second or third order polynomial (Hexem and Heady, 1978). The evapotranspiration production 
function (ETpfs) can be useful to determine the capacity of irrigation systems and irrigation amount and timing, 
as well as to compare relative water use efficiencies. Daily and seasonal Et varies according to the climate and 
irrigation management. The Etpf is not unique but varies among climate zones and between years, varieties, and 
crops (Miller and Hang, 1982; Highstreet, 1987). Clumpner and Solomon (1987) studied 300 Etpf's to test their 
reliability and transferability. They found significant year-to-year and site-to site differences, as well as crop 
growth stage effects. Sammis (1981) demonstrated that Etpf of cotton (Gssypium hirsutum L.) varies among 
locations. Thus determining Etpf for a site-specific location is usually required. Because water production 
function (wpf) varies according to management skills of irrigator and the type of irrigation system, no unique 
wpf can be determined for a crop. Knowledge of crop water production function can be mead as a tool to a 
certain yield which can be obtained with different scenarios of applied water. This will help in making cost 
appraisal and in setting food security poling.        
 The objectives of this study were to determine the water production function (wpf) under drip irrigation and 
the evapotranspiration production function (Etpf) for cucumber. 
 
Materials and Methods 
 
 The experiments was conducted at the faculty of the Agricultural Technology and Fish Sciences, Al 
Neelain University, about 40 kilometers south of Khartoum city, on the eastern bank of the White Nile, at 
latitude 15oN and longitude 32oE about 380 m above mean sea level. The study area falls in the arid climatic 
zone of the Sudan just to the south of the fringes of the semi-desert /arid climatic zone as stated by Van Adam 
et al (1975). The mean annual temperature is 29.9oC, average maximum temperature in the hottest months 
(April –June) is 41.2oC, while the average minimum temperature for the same period is 26.3oC. The mean 
annual relative humidity ranges between  26-21% (Jan to Feb), 15-16% (March to June) and 14-48% (July to 
Sep) .The average annual rainfall is about 121mm falling mainly in July and August with lower amount in 
September. The area also falls under the effects of northerly winds in October through May and south westerly 
winds from late June through October.                                                                                      
 The experimental design adopted was completely randomized block design (CBR) using six treatments 
with four replicates. Treatments represent the drip irrigation water applied 190 mm, 380 mm, 570 mm, 760 mm, 
950 mm and 1140 mm kept can stent all through the season. The area of the experiment was 96 m2. The main 
line was 23 m in length (Q= 22 mm) from which 24 lateral linens with 4 m in length (Q= 16 mm) were 
construed. The distance between lateral lines was one meter, where as the distance between drippers was 0.5m. 
The land was prepared using chisel, harrow and then ridged. The seeds were sown on the rows on the seventh of 
February 2010, 2011 the distance between plants was 0.5 m. The vegetative growth continued for fifty days 
after that the picking of the fruit was started. The crop cultural practices are as recommend by the Agricultural 
Research Corporation (ARC).  The yield of the crop fruits was began after fifty days from sowing and 
continued for one and half mouth. The fruit was weighed fresh and then weighed dry and the result were put in 
tables. Yield components (stem diameter, plant height and final yield) were also determined (Simsaka et al, 
2005).  
 
Results and Discussion 
 
1- Crop-water- evaporation production function:  
 
 Analysis of variance for yield kg/ha Table 1 and fig 1 showed that a significant difference (P ≥ 0.05) 
existed between the treatment means. There were two groups in which the means were not significantly 
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different from one another. A non-significant difference (P ≤ 0.05) was observed between the means of 570mm, 
760mm and 950 mm. Also, a non-significant difference (P ≤ 0.05) was observed between 190 mm and 1140 
mm. 760 mm gave the highest yield kg/ha (12943.8) where as 190 mm recorded the lowest yield kg/ha 
(6087.5). 
 
Table 1: Levels of applied water, evapotranspiration and crop yield for various treatments (kg/ha). 

Treatments Water applied 
mm 

Evapotranspiration 
mm 

Total yield 
kg/ ha 

T1 190 242.2 6087.5c 
T2 380 368.2 9306.3b 
T3 570 411.1 10312.5ab 
T4 760 525.0 12943.8a 
T5 950 408.0 10306.3ab 
T6 1140 327.3 8406.3bc 

LSD 5%   2942.3 
 
 This results in agreement with many investigators,( Alsadon et al. ,1994 ; and Fredric and Stab ,1989) who 
studied the effect of different application rates of drip irrigation on Tomato growth and reported, that 760 mm 
treatment recorded the best yield among other treatments studied. This result were disagreement with Randall 
and Locasico (1988) who mentioned that the highest production of water melon recorded in experiment 
irrigated with drip irrigation at 201.88 mm. Never the less Bovine (1990) reported that using moderate 
application rates of drip irrigation gave the best yield.  
 

 
 
Fig. 1: Seasonal relation between total yield obtained (Kg/ha) and applied water (mm). 
 
2- Crop- water- evaporation production function:  
 
 Analysis of variance for yield kg/ha Table 1 and figure 2 showed that a significant difference (P ≤ 0.05) 
existed between the treatments means. There were two groups in which the means were not significantly 
different from one another. A non-significant difference (P ≤ 0.05) was observed between the means of 
411mm, 525.0 mm and 408mm. Also, a non-significant difference (P ≤ 0.05) was observed between 242.2 mm, 
368.2 mm and 327.3 mm. 525 mm gave the highest yield kg/ha (12943.8) where as 242.2 mm recorded the 
lowest yield kg/ha (6087.5). 
 

 
 
Fig. 2: Seasonal linear relation between total yield obtained (Kg/ha) and crop evapotranspiration (mm). 
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3- Overall water- crop evapotranspiration production function:  
 
 Taking the average values of the data for water applied, evapotranspiration and yield it is possible to 
quantify the relation between applied water and yield as: Y= -0.019W2 + 29.01W + 1143 And that for yield 
and evapotranspiration is the form: Y= 24.11ET + 391.4. These relations are depicted in figure 1 and 2 and 
these relations are in agreement with their reported Mao et al (2003) for cucumber crop. 

 
Conclusions 
 
 Form the results obtained it is possible to deduce the following points:  
Application of water drip irrigation of 760 mm gave the higher vegetable crop yield. 
Application of drip irrigation more than 760 mm leads to decrease yield of vegetable crops. 
Application of water regime of less than 760 mm of water using drip irrigation results in sharp decrease yield of 
cucumber crop.    
Competed the relationship between yield and irrigation applied by drip irrigation can be obtained by the 
following equations: 
i- For yield-water applied:  Y= -0.019 W2 + 29.01W + 1768     with r2= 0.900  
ii- For yield-crop evapotranspiration: Y= -0.019 W2 + 29.01W + 518.3   with r2= 0.997    
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