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ABSTRACT 
This study was conducted to study the effects of land slope on hydraulic performance and water 
productivity of cucumber under drip irrigation system in greenhouse. The greenhouse under study was 
divided into two sections and were identified simply as Sec A and Sec B. Sec A has its flow uphill while 
Sec B flow downhill. The hydraulic performance parameters like average emitter discharge (q), 
discharge variation (Qvar), coefficient of variation (Cv%), water application uniformity (AU%), 
uniformity coefficient (CU%), uniformity coefficient (DU%) and statistical uniformity (Us%)Plant 
parameters such as plant height (cm), stem diameter (mm), yield (ton/ha) and water productivity (kg/m3) 
were determined. There were a significant differences (P≤0.05) on all the hydraulic performance 
parameters. The recorded discharge rate along the lateral was 0.38 and 0.64 l/h for section (A) and 
section (B), respectively. Qvar % for section (A) classified as unacceptable while section (B) was 
acceptable. Cv% for section (B) was found to be less than 20 % (Good) while in section (A) were more 
than 20 % (unacceptable). Section (A) recorded the lowest values 50, 60, 30 and 50% while section (B) 
recorded the highest values 80, 82, 69 and 78% for AU%, CU%, DU% and Us%, respectively. Section 
(A) values classified as unacceptable, unacceptable, poor and unacceptable while section (B) was fair, 
good, acceptable and acceptable for AU%, CU%, DU% and Us%, respectively. The analysis showed 
that there were no significant differences between section (A) and section (B) on plant height but there 
were a significant differences (P≤0.05) on stem diameter (mm), yield and water productivity. The 
highest yield value of 3.78 ton/ha was observed at section (B) and the lowest 1.89 ton/ha was observed 
in section (A), these low yield is due to Due to the difficulty of water distribution or the irregularity of 
water distribution. The highest water productivity value of 38 kg/m3 was observed at section (B) and 
the lowest 29.3 kg/m3 in section (A).This study recommended that good leveling is the best practices in 
greenhouse because it leads to good hydraulic performance and high yield. 
 
Keywords: hydraulic performance, drip, emitter, uniformity, field slope. 

 
1. Introduction 

There is an urgent got to increase water productivity and water application efficiency thanks to 
the continues increase in population, increase in demand for vegetables and increased pressure ashore 
available for agriculture including the over welming effect of global climate change (Raphael et.al., 
2018). Drip irrigation is taken into account because the most effective irrigation system, but there's 
proof from literature that this technique also can be in-efficient, as a results of water quality, 
mismanagement and maintenance problems (Koegelenberg et al., 2003). Drip irrigation system is 
supposed to use to use precise amount of water near the plant with a specific degree of uniformity. The 
uniformity describes how evenly an irrigation system distributes water over a field. it's considered one 
among the important features for selection, design, and management of the irrigation system (Mirjat, et 
al., 2010). Irrigation uniformity is that the most vital reason for evaluation of the irrigation system 
performance and is suffering from the sector topography, hydraulic design of drip system also as level 
of partial or complete clogging (Smajstrla et al., 2015 and Zhu et al., 2009). Poor uniformity of water 
application leads to portions of drip irrigation systems receiving little or no water discharges resulting 
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in poor crop yields as seen by  Kabutha et al. (2000). Drip irrigation has not yet been used on an outsized 
scale for crop production within the Sudan. However it's utilized in green houses and privately owned 
small farms and gardens. (Abdalla, 2003). With drip irrigation system, water use efficiency is 
maximized because there's even less evaporation or runoff. Raina et al., (1998) reported the water use 
efficiency was higher under drip irrigation as compared with surface irrigation. Dawood and Hamod, 
(1985) found water use efficiency for trickle irrigated lima beans to be twice as high as that for furrow 
and sprinkler irrigated lima beans. Also, Sammis (1980) reported higher water use efficiency for trickle 
and subsurface irrigation as compared to sprinkler and furrow irrigated for potatoes. Salvin et al. (2000) 
observed the water use efficiency was considerably higher in drip than basin irrigation. 
Narayanamoorthy (2003) reported water use efficiency up to 90% in drip irrigation against the 
efficiency of 30-40% under furrow method. Muralikrish nasamy et al. (2006) reported that prime water 
use efficiency was related to drip irrigation compared with surface irrigation. Ella et al., (2009), when 
studying the uniformity of water distribution during a low-cost drip irrigation system with different 
slopes and hydraulic loads, verified that uniformity decreased because the slopes increased. Uneven 
fields and unlined irrigation channels cause the loss of an enormous amount of irrigation water (Gill, 
1994). Rickman (2002) found a robust correlation between the levelness of the land and crop yield. Ml 
Jat et al. (2015) reported that water management by proper irrigation scheduling together with better 
crop management techniques (i.e., laser-assisted precision land leveling, conservation-agriculture-
based management practices) are potential options for saving of water and increasing water productivity 
(WP). Several researchers have reported that irrigation application efficiency on unleveled fields is 
reduced by up to 30% to 50% as compared to an attainable level of 60% to 80%. Land leveling is 
important for enhancing the utilization efficiency of water, fertilizer, nutrients, and improving the crop 
stand and yields. Volume and wetted soil surface and moisture onion shape depends on various factors 
including soil texture and layering, soil homogeneity, dripper flow, primary moisture of soil, 
consumption water, and land slope. 
 

2. Materials and Methods 
 
2.1 Study area 

Experiments were carried out during the season of 2020/21 at the Mohamed Obaid Al Mubarak 
Laboratory Greenhouse. University of Gezira, Gezira State, Sudan. It lies north of Wad Medani town, 
Lat. 14° 06ˋ N, Long. 33° 38ˋ E and altitude of 405 masl. The total greenhouse area was 324 m2 and its 
maximum height was 3 m. 

  
2.2 Cultural practices 

The experimental Cucumber crop (Hemis variety) was planted on 17/11/2020 and the crop was 
removed on 15/03/2021, so the duration of the growing cycle was 120 days. The plant spacing was 30 
cm. The experiment was laid out in a RCBD with four replicates. The main objective of this work was 
to study the effects of land slope on hydraulic performance and water use efficiency of cucumber under 
drip irrigation system in greenhouse. 

  
2.3 Data collection 

The performance parameters evaluated include: average discharge (Qavg), discharge variation 
(Qvar%), coefficient of manufacture variation (CV%), water application uniformity (AU%), coefficient 
uniformity (CU%), distribution uniformity (DU%) and statistical uniformity (Us%).The crop 
parameters including: plant height, stem diameter and yield (ton/ha) were also evaluated. 

 
2.3.1 Discharge measurement  

The evaluation was carried out according to ASAE, 1997. These procedures are based on taking 
measurements of emitter discharge along selected drip lines on a sub-main. Three positions were tested 
on each drip lines which is 18 m long each: one located on the first emitter point close to the inlet, one 
at the middle far end, and one in the end positions. The greenhouse under study was divided into two 
sections and were identified simply as Sec A and Sec B. Sec A has its flow uphill while Sec B flow 
downhill. Average discharge rate was measured using graduated measuring cylinder, catch cans and 
stopwatch. The model was lifted to work for 10 minutes, and then the collected water in catch cans 
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measured. The test was repeated three times to get the average volume in liter. The average volume 
divided by time, to obtain the discharge (q) l/hr (Eq. 1). 

  
q = V/t ………………………………………………………………………………………….......... (1) 
 
Where:  
q = Discharge (L/h)  
V = Volume collected (ml)  
t = Time taken (hours) 
 
2.3.2 Discharge variation (Qvar)  

Flow variation is also a design parameter to evaluate a trickle lateral design. The defining 
equation for flow variation is:  

 
qvar = (qmax – qmin)/qmax ………………………………………………………………….................. (2) 
 
Where:  
qvar = Flow variation  
qmax =maximum emitter discharge rate in system (l/h)  
qmin =the lowest emitter discharge rate in system (l/h)  
 General criteria for Qvar values are 10% or less (desirable) and 10 to 20% acceptable and greater than 
25%, not acceptable (Guguloth, 2016). 
 
2.3.3 Coefficient of manufacture variation (CV %)  

The CV can be calculated, using the following formula (Burt and Styles, 2007).  
 

CV% = Sq/qavg …………………………………………………………………………...………... (3) 
 
Keller and Bliesner (1990) represented localized irrigation sub-units classification according to 
coefficient of variations as presented in Table (1).  
 
Table 1: Classification of coefficient of variation 

Coefficient of variation, Cv Classification 
> 0.4 Unacceptable 
0.4 – 0.3 Low 
0.3 – 0.2 Acceptable 
0.2 – 0.1 Very good 
< 0.1 Excellent 

 
2.3.4 Application uniformity (AU) 

Equation (4) was used to calculate water application uniformity (AU), where it depends on the 
uniformity of water discharge. This equation also gives information on how water distributed efficiently 
in the field (Jusoh et al., 2020). 

 
AU = (1.0 − Cv)×100 ………………………………………………………………………...……….(4) 

 
Water application uniformity obtained was compared with the general criteria for uniformity 

value as depicted in Table 2.  
 

2.3.5 Uniformity coefficient (CU %)  
One of the widely used CU is Christiansen uniformity coefficient. Uniformity coefficients of 

emitters were tested using the Christiansens formula (1942). It gives the information that how efficiently 
water is distributed in the field.  

 
CU = 100 – (80*Sd/Vavg) …………………………………………………………….…………… (5) 
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Where:  
CU = Uniformity coefficient (%),  
Sd = Standard deviation of observations,  
Vavg = Average volume collected.  

The coefficient of uniformities and classifications is presented by (ASABE standards EP458, 
1999) in Table 3.  
 
Table 2: Percentage of application uniformity (AU%) and its corresponding classification 

AU (%) Classification  
< 60 Unacceptable 
70-65 Poor 
80-75 Fair 
90-85 Good 
100-95 Excellent 

 
Table 3: Classification/standards of uniformity coefficient 

Uniformity coefficient, CU (%)  Classification 
Above 90% Excellent 
90 – 80% Good 
80 – 70% Fair 
70 – 60% Poor 
Below 60% Unacceptable 

 
2.3.6 Distribution uniformity (DU) or Emitter flow uniformity 

Distribution uniformity (DU) was computed according to Keller and Karmeli (1974):  
 

DU (%) = (qavg25%/ )*100 ………………………………………………………………………. (6) 
 
Where:  
Qavg 25% = mean of the lowest 0.25 of emitter discharge.  
� = average emitter flow rate (L/h).  

According to Merriam and Keller (1978), the classifications of distribution uniformities are 
expressed in Table 4.  
 
Table 4: Classifications of emission uniformity 

Eu (%) Classification Merriam and Keller (1978)  
<70% Poor 
70 – 80% Acceptable 
80 – 86% Good 
86 – 90 % Good 
90 – 94% Excellent 
>94% Excellent 

 
2.3.7 Statistical uniformity (Us %)  

Statistical uniformity between the emitters is determined by Eq. (7) (Bralts and Kesner 1983). 
  

Us= 100 (1 – Sq/q¯) ………………………………………………………………………….……….(7) 
 
Where:  
Us= statistical uniformity (%)  
Vq = overall change in emitters discharge  
Sq = standard deviation of emitters discharge (l/h)  

Statistical uniformity is evaluated according to ASAE (2003) based on the classification criterion 
presented in Table 5.  
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Table 5: System classification according to statistical uniformity values 
Us (%) Classification 
<60 Un acceptable 
60 – 70 Poor 
70 – 80 Acceptable 
80 – 90 Good 
>90 Excellent 

 
2.3.8 Plant parameters 

The data collected consisted of the following parameters: Plant height (cm) and stem diameter 
(mm). 

 
2.3.9 Yield (ton/ha) 

Crop yield was estimated by weighing the weight of Cucumber during harvesting day and the 
total amount of water consumed was evaluated by continuous monitoring of flow rate meter reading 
weekly. 

 
2.3.10 Water productivity (ton/m3) 

WP is defined as ratio between amount of crop produced and the amount of water involved in 
crop production system (Ali and Talukder, 2008).  
 
WP= Yield (ton)/ Applied water (m3) ………………………………………………………………(8) 
 
2.4. Statistical analysis  

Analysis of variance appropriate for complete randomized block design was applied by using 
Statistics 8 programme. 

 
3. Results and Discussions 
 
3.1. Discharge (l/h) 

Discharge (l/h) of section (A) and section (B) show the difference within the emitters along and 
between the laterals as affected by the slope of the lateral. . There have been highly significant 
differences (P≤0.01) in discharge (l/h) among sections. From this figure it's seen that section (A) and 
section (B) the discharge had a special trend. The flow rate along the lateral length ranged between 
(0.054 to 0.612 l/h) and (0.306 to 0.858 l/h) for section (A) and B, respectively. The variation is 
attributed to extend operational head along the land slope and reduce in emission uphill since the sub 
main line is found midway of the screen house and a part of the water flow downhill section (B) and 
uphill section (A). The discharge increases from the middle line of the greenhouse which is at a distance 
of 18 m downhill and reduces uphill. this is often purely a topographically induced occurrence and 
agrees with the findings of Jiang and Kang, (2010). For the sloping system, a degree of the most 
important flows at the top of the last line was explained by the gradual increase of the pressure that 
happens until the top of the pipe. In contrast with Raphael et al., 2018 who found that the mean emitter 
discharge for section 1 and section 2 weren't significantly different at confidence level of 95% (P≤0.05). 
Also, Mofoke et al. (2004) stated that the overall variability in discharge might be attributed to major 
and minor losses occurring at the delivery pipe joints and fittings right from the availability tank to the 
emitters. 

 
3.2. Discharge variation (Qvar%) 

Average discharge variation (Qvar) was significantly (P≤0.05) influenced by greenhouse land 
slope (Table 1). Section (B) emitter's had significantly lower Qvar than section (A). the overall criteria 
Qvar values are ≤10%, desirable; 10-20%, acceptable; and > 20% isn't acceptable. the general 
performance description for discharge variation (Qvar) was acceptable for section (A) and unacceptable 
for Section (B). Manisha and Tripathi (2015) stated that the discharge flow of emitter is increased when 
the rise of the pressure and therefore the coefficient of variation is increased when the pressure is 
decreased means the pressure directly affected the discharge rate of emitter. James, (1993) reported that 
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the emitter discharge variation mainly depends on pressure differences due to difference operational 
head. Other significant factors affecting emitter discharge include water temperature, quality with which 
the emitter is manufactured.  

 

 
Fig. 1: Discharge (l/h) of the section (A) and section (B) 
 
3.3. Coefficient of variation (CV %)  

The coefficient of variation was significantly (P≤0.05) suffering from greenhouse slope Table 
(1). For section (B) the coefficient of variation was found to be but 20 % (Good) while, section A were 
found to be quite 20 % (unacceptable). On the opposite hand, section A recorded highest values of 
coefficient of variation (CV %), while section B revealed rock bottom one (Table 1). The low Cv% 
indicate an honest performance of the system throughout the cropping season. The typical values of 
CV% for section B emitters were generally low and consistent with American Society of Agricultural 
Engineering (ASAE) recommended classification of coefficient of worldwide variation in discharge; 
these values are below the 20% threshold as „good‟. The differences within the values of Cv are often 
attributed to the direction of flow which was downhill for section B and uphill for section A. Al-
Ghobari, (2007) stated that ASAE to classify emitters supported the worth of coefficient of variation. 
consistent with this classification, the emitters vary within the values of Cv, and range from 0.2 with 
good quality to 0. 5 with an unacceptable quality, which can end in high discharge variations from 
emitters. 
Table 1: Effect of land slope on discharge variation coefficient of variation 

Section Qvar % Classification Cv% Classification 
Section A 55.9 a Unacceptable 0.50 a Unacceptable 
Section B 17.8 b Acceptable 0.20 b Good 
C.V% 2.54 3.77 
SE± 4.75 0.042 
Sig. l ** * 

 
3.4. Application uniformity (AU%) 

Application uniformity was significantly (P≤0.05) suffering from greenhouse slope (Table 2). 
The very best application uniformity value of 80 % (Fair) was observed at section (B) and therefore the 
lowest uniformity coefficient value of 59.9 (Unacceptable) was observed at section (A). Water 
application uniformity (AU%) express how evenly the uniformity of water is cover the irrigated area 
used. Application uniformity between section (A) and (B) was found to be 50 attempt to 80 %, 
respectively. These contributed to unacceptable classification of on top of things for section (A) and 
fair for section (B). Similar result obtained by Ali and Talukder (2008) who tested the performance of 
a drip irrigation system and located that average uniformity for drip irrigation system under the 
greenhouse was 80%. Also, Asif et al. (2015) reported that application uniformity was counting on the 
manufacturing variation in emitters and pressure variation within the system thanks to pipe friction and 
elevation changes. 
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3.5. Uniformity coefficient (CU %)  
Uniformity coefficient was significantly (P≤0.05) suffering from greenhouse slope (Table 2). the 

very best uniformity coefficient value of 82.4 % (good) was observed at section (B) and therefore the 
lowest uniformity coefficient value of 59.9 (Unacceptable) was observed at section (A). The differences 
within the values of cabinets are often attributed to the direction of flow which was downhill for sec B 
and uphill for section (A). These results were in line with those obtained by Raphael et al. (2018). Also, 
with Ella et al., (2009), when studying the uniformity of water distribution during a low-cost drip 
irrigation system with different slopes and hydraulic loads, verified that uniformity decreased because 
the slopes increased. Also, Alamin (2017) reported that the kinds of emitters and operating pressures 
have a transparent effect on the performance of drip irrigation system. Charles (2004) reported that 
approximately 45% of the non-uniformity was thanks to pressure differences, 52% was thanks to “other 
causes”, 1% thanks to unequal. On the other hand, Shareef et al., (2016) found that the emitter type and 
water quality are the most factors affecting the hydraulic performance of drip irrigation systems. 
  
Table 2: Effect of land slope on application uniformity and uniformity coefficient 
Section AU% Classification CU% Classification 
Section A 50 b Unacceptable 59.9 b Unacceptable 
Section B 80 a Fair 82.4 a Good 
C.V% 3.81 6.71 
SE± 1.43 3.27 
Sig. l ** * 

 
3.6. Distribution uniformity (DU %)  

Distribution uniformity was significantly (P≤0.05) suffering from greenhouse slope (Table 3). 
The very best distribution uniformity value of 69 % (Acceptable) was observed at section (B) and 
therefore the lowest distribution uniformity value of 29.7% (Poor) was observed in section (A). 
Consistent with the classification of irrigation system performance by ASAE, a cabinet rating of 90 - 
95% is taken into account excellent and therefore the system would only require regular maintenance, 
while a distribution uniformity of 85% or greater is taken into account excellent. The reduced uniformity 
coefficient is thanks to high variation in flow rates. The results also agreed with the results obtained by 
Al-Ghobari, (2007) who reported that the causes of non-uniformity and low efficiency might be 
associated with some factors like, pressure variation within the system, in correct system design and 
emitter discharge variation. Charles (2004) and Zellman, (2016) reported that the evidence of the 
diminished DU is either pressure losses or variations, but more likely, would be the partial plugging of 
emitters by silt and clay, algae or chemical precipitates. Raphael et al., (2018) reported that emission 
uniformity decreases slightly up the slope. This result was in line with Ella et al., (2009) who reported 
that the coefficient of uniformity (CU%) and therefore the distribution uniformity (DU%) generally 
increase with increasing heads and reduce with increasing slope uphill. Zhang and Hui (2018) found 
that water distribution and throw radius were measured for the Rainbird LF1200 sprinkler on various 
slopes. The water distribution curve is roughly “heart-shape” on slope, and therefore the water has the 
trend of that specialize in the upslope with the rise of the slope. Throw radius decreases for upslope and 
increases for down slope because the slope increases. 

 
3.7. Statistical uniformity (Us %)  

The statistical uniformity was significantly (P≤ 0.05) suffering from the greenhouse slope Table 
(3). It shows the statistical uniformity for section (A) and for section (B). It falls within the unacceptable 
and acceptable range, respectively, as specified by Michael, (1978). Zamaniyan (2014) reported that 
performance of drip irrigation systems in Iran is low and poor, the typical statistical uniformity values 
in several sites were 61.3. Most frequent problems detected were: inadequate working pressure and 
emitters clogging. Also, the differences within the values of Us are often attributed to the direction of 
flow which was downhill for section (B) and uphill for section (A). These results were below with those 
obtained by Ali et al. (2014) in Pakistan it's between 82.8 to 100%. 
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Table 3: Effect of land slope on distribution and statistical uniformity 
Section DU% Classification Us% Classification 
Section A 29.7 b Poor 49.8 b Unacceptable 
Section B 69 a Acceptable 78 a Acceptable 
C.V% 9.21 8.88 
SE± 4.71 4.13 
Sig. l ** ** 

 
3.8. Plant height (cm) and stem diameter (mm) 

Table (4) shows the plant height (cm) and stem diameter (mm) for the all treatments under test. 
The analysis of data showed that there were no significant differences between section (A) and section 
(B) on plant height but there were a significant differences (P≤0.05) on stem diameter (mm) section (B) 
gave the highest values of stem diameter in mm.  

 
3.9. Yield (ton/ha) 

Yield (ton/ha) was significantly (P≤0.05) affected by greenhouse land slope (Table 4). The 
highest yield (ton/ha) value of 3.78 was observed at section (B) and the lowest yield value of 1.89 was 
observed in section (A). These low yield is due to shortage of water (slope variation). Zellman, (2016) 
reported that drip system distribution uniformity describes the ability of an irrigation system to apply 
water evenly to each cucumber. If an irrigation system has poor uniformity, some cucumbers do not 
receive enough water, while other cucumber will get too much with the excess water percolating below 
the cucumber’s root zone and is lost along with any fertilizer or chemical in the water. In order to 
adequately irrigate all cucumber s in a field with an irrigation system that has poor uniformity, excess 
water must be applied. This is wasteful of water, energy, fertilizers and money. Water stress depends 
on both the uniformity of the irrigation system and the gross depth of water applied. The amount of 
irrigation water that fully satisfies the irrigation requirements is the so-called Required Depth (Recaa, 
et al., 2018). 

 
3.10. Water productivity (kg/m3) 

Water productivity (kg/m3) was significantly (P≤0.05) affected by greenhouse land slope (Table 
4). The highest water productivity value of 38 (kg/m3) was observed at section (B) and the lowest water 
productivity value of 29.3 (kg/m3) was observed in section (A). This wide water productivity range 
shows the importance of management and operation in water productivity improvement in greenhouses. 
Similar result obtained by ElMamoun et al. (2019) who found that water productivity of cucumber 
under different greenhouse covers ranged between 15.8 to 21.3 kg/m3. Also, Najafipour, (2020) found 
that cucumber water productivities in greenhouses ranged from 9. 23 to 22. 44 Kg/m3.  
 
Table 4: Effect of land slope on plant hieght, stem diameter, yield and water productivity  

WP (kg/m3) Yield (ton/ha) Stem diameter (mm) Plant height (cm) Section 
29.3 b 1.89 b 6.64 b 265 a Section A 
38 a 3.78 a 7.55 a  266 a Section B 
4.37 5.30  14.83 3.42 C.V% 
1.43 1.23 0.65 3.27 SE± 
** ** * N.S Sig. l 

 
4. Conclusions and Recommendations 

The values of the hydraulic performance of drip irrigation system under the slope, including: 
discharge variation, coefficient of manufacture variation, water application uniformity, coefficient 
uniformity, distribution uniformity, and statistical uniformity were quite good for section (B) and found 
to be within the acceptable range but in section (A) all values were below an acceptable range. Also, 
the yield was high on section (B). 

From the results obtained and conclusions drawn from this study the following recommendations 
can be made: Good leveling is the best practice in greenhouse because it leads to good hydraulic 
performance and high yield. 
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	ABSTRACT

	This study was conducted to study the effects of land slope on hydraulic performance and water productivity of cucumber under drip irrigation system in greenhouse. The greenhouse under study was divided into two sections and were identified simply as Sec A and Sec B. Sec A has its flow uphill while Sec B flow downhill. The hydraulic performance parameters like average emitter discharge (q), discharge variation (Qvar), coefficient of variation (Cv%), water application uniformity (AU%), uniformity coefficient (CU%), uniformity coefficient (DU%) and statistical uniformity (Us%)Plant parameters such as plant height (cm), stem diameter (mm), yield (ton/ha) and water productivity (kg/m3) were determined. There were a significant differences (P≤0.05) on all the hydraulic performance parameters. The recorded discharge rate along the lateral was 0.38 and 0.64 l/h for section (A) and section (B), respectively. Qvar % for section (A) classified as unacceptable while section (B) was acceptable. Cv% for section (B) was found to be less than 20 % (Good) while in section (A) were more than 20 % (unacceptable). Section (A) recorded the lowest values 50, 60, 30 and 50% while section (B) recorded the highest values 80, 82, 69 and 78% for AU%, CU%, DU% and Us%, respectively. Section (A) values classified as unacceptable, unacceptable, poor and unacceptable while section (B) was fair, good, acceptable and acceptable for AU%, CU%, DU% and Us%, respectively. The analysis showed that there were no significant differences between section (A) and section (B) on plant height but there were a significant differences (P≤0.05) on stem diameter (mm), yield and water productivity. The highest yield value of 3.78 ton/ha was observed at section (B) and the lowest 1.89 ton/ha was observed in section (A), these low yield is due to Due to the difficulty of water distribution or the irregularity of water distribution. The highest water productivity value of 38 kg/m3 was observed at section (B) and the lowest 29.3 kg/m3 in section (A).This study recommended that good leveling is the best practices in greenhouse because it leads to good hydraulic performance and high yield.




