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Abstract 

This study was carried out during the period January 2016 to December 2017 in Khartoum State at the Central Trading 

Company (CTC) Farm for Agricultural Production. The site lies at a distance of about 135 km North West of Omdurman town. 

The objective of the study was to investigate the effect of centre pivot irrigation system performance during different seasons. 

Four Zimmatic centre pivot irrigation systems (Lindsay make) were chosen randomly for the experimental work. Each one 

system was operated with two operating speeds (40% and 70%) during three different seasons (summer, autumn and winter). 

The experimental design used was the CRBD design and the data was analyzed by the SAS program. The hydraulic 

performance parameter of the systems were determined namely, application uniformity (Ea%), coefficient of uniformity 

(Cu%), distribution uniformity (Du%) and scheduling coefficient (Sc). The analysis of variance showed that there were no 

significant differences (P ≤ 0.01) in Cu%, Du% and Su values for the different operating speeds, while Ea% values were highly 

significantly different (P≥0.01). The highest Ea% value of 89% was recorded under the operating speed 40%, while the lowest 

value of 67% was recorded under the operating speed 70% during the summer and winter seasons. It can be concluded from 

the study that the centre pivot irrigation system under different operating speeds and different seasons affected on the hydraulic 

performance. The best performance achieved was when using the operating speed 40% at winter season. 
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1. Introduction 

Irrigated agriculture is the main water user in many regions of 

the world, and it consumes around 56% of the global freshwater 

[1]. Sudan relies on irrigated agriculture to secure food and cash 

crops. A considerable part of Nile Basin lies in Sudan. 

According to the 1959 Nile water agreement between Egypt and 

Sudan, Sudan’s annual allotted share is 18.5 billion m³ (as 

measured at Aswan). The amount would allow the irrigation of 

about 1.7 to 2.0 million hectares [2]. The global climate change 

and its effect on water resources reduced the amount of water 

available for agriculture. Under this circumstance, the use of 

pressurized irrigation systems can be an option of enhancing the 

efficiency of irrigation. Agricultural technologies are important 

to feed the growing world population. The role of agricultural 

engineering is increasing in the coming days at the forthcoming 

challenges of producing more food with less water coupled with 

climate uncertainty [3]. The application of modern irrigation 

techniques has occupied large part in irrigation methods and 

received considerable attention in the world in recent years, 
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particularly in developing countries [4]. The different speeds 

were set at the control point in the pivot panel and the actual 

speed was measured according to [13]. The water resources 

engineer should be aware of a number of components essential 

for proper management of water in an irrigation system [15]. Ali 

[3] evaluated for centre pivot irrigation system. He found that 

the values of coefficient of uniformity ranged from 78 to 85%, 

for distribution uniformity the values ranged from 68 to 78, and 

the values for scheduling coefficient ranged from 1.3 to 1.47. 

Kirnak and Dogan [5] studied indicated that sprinkler irrigation 

system speed was not a statistically significant factor affecting 

the sprinkler irrigation depths and the resulting CU values. 

However, collector height was a significant factor. The factors 

affecting to the uniformity of sprinkler irrigation include the 

climatic conditions, the sprinkler system and field management 

practices [7]. Centre pivot irrigation systems are introduced in 

Sudan in large numbers for irrigation of fodder crop for export. 

The climate zone of the area was described as desert falling 

within the arid zone. The same amount of water is applied at the 

different seasons. This means running the system at extra cost. 

Therefore the objective of this study is evaluation of the 

hydraulic performance of centre pivot irrigation system under 

different operation speeds (40% and 70%) at the different 

seasons. 

2. Materials and Methods 

2.1. The Study Area 

The experimental work was carried out during the period 

January 2016 to December 2017. The field of the study is 

located in Khartoum State at the Central Trading Company 

(CTC) Farm for Agricultural Production. The site lies at 

latitude 16°30'28 ̎ N, longitude 30°41' 27 ̎ E, and altitude 360 

m above mean sea level, at a distance of about 135 km north 

west of Omdurman town as shown in Figure 1. The climatic 

zone of the area is described as desert. The soil of the 

experimental site was classified as loamy. 

 

Figure 1. Study area location. 

2.2. Meteorological Data for the Study Area 

The climatic zone of the area was described as desert falling 

within the arid zone characterized. The meteorological data 

of CTC Farm during the study period, where the data was 

obtained from the CTC Farm Station, as daily mean 

maximum and minimum temperatures (°C), dewpoint (°C), 

rainfall (mm), mean relative humidity (RH%), wind speed 

(km/h) and direction. 

2.3. System Performance (Irrigation 

Efficiencies) 

2.3.1. The Application Efficiency (Ea%) 

The application efficiency was calculated by dividing the 

average depth of water caught in the catch cans by the 

average depth of application as monitored by the system flow 

meter as follows [14]: 
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Where: 

Ea% = Application efficiency (%). 

Dc = Average depth of water in catch cans (mm). 

Ds = Average depth of application as recorded by the system 

flow meter (mm). 

2.3.2. Christiansen’s Coefficient of 

Uniformity (Cu%) 

A measurable index of the degree of uniformity from any 

sprinkler under a given condition has been developed, as 

follows [8]: 

�� = �1 − ∑ �	
�
 � × 100% 

Where: 

CU = Christiansen coefficient. 

M = average value of all can readings. 

∑ �	 = total of deviation of each reading from the average. 

n = number of can readings. 

2.3.3. Distribution Uniformity (Du%) 

Distribution uniformity (DU%) equation; was used to 

determine the distribution of water applied according to the 

method of Ascough and Kiker [6] as follows: 

��% = ���  × 100
�  

Where: 

M = average value of all catch can readings. 

��� = average of lowest 25% of readings. 

2.3.4. Scheduling Coefficient (Sc) 

Scheduling coefficient (Sc) was determined to find the critical 

area in the water application pattern. The area receiving the 

least amount of water, which is divided by the average amount 

of water applied to the irrigation area [12] as follows: 

1
Sc

Du
=  

Where: 

Sc = scheduling coefficient. 

Du = distribution uniformity (decimal). 

2.4. Statistical Analysis 

A computer program (SAS Statistical package) was used to 

analyze the data. The variations among means were checked 

by the least significant difference (LSD). 

3. Results and Discussion 

3.1. System Performance (Irrigation 
Efficiencies) 

The analysis of variance showed that there were no 

significant differences (P ≤ 0.01) in Cu%, Du% and Su 

values for the different operating speeds, while Ea% values 

were highly significantly different (P≤ 0.01) Table 1 and 

Figure 2. The highest Ea% value of 89% was recorded under 

the operating speed 40%, while the lowest value of 67% was 

recorded under the operating speed 70% during the summer 

and winter seasons. These results are considered acceptable 

when compared to the results obtained by Ali [3]; Dogan and 

Kirnak [5]. 

3.2. Christiansen’s Coefficient of Uniformity 

(Cu%) 

The values of Cu% at two speeds (40 and 70%) at different 

seasons (summer, autumn and winter) are shown in Table 1 

and Figure 2 The analysis of variance showed that there 

were no significant differences (P≤0.05) in Cu% values 

among treatments. The highest Cu% value of 89% was 

obtained under operating speed of 40% at winter season, 

while the lowest one (80%) was obtained by operating 

speed of 40% at summer season. Another important finding 

was that the Cu% values were significantly different 

(P≤0.05) during the different seasons. These results are 

considered acceptable when compared to the results 

obtained by Ali [3] who found that the Cu% values of 

centre pivot irrigation systems in Khartoum State ranged 

from 78 to 85%. 

3.3. Distribution Uniformity (Du%) 

Table 1 and Figure 2 Present the uniformity of distribution of 

the centre pivot irrigation systems at two different speeds. 

Analysis of variance showed that there were no significant 

differences at 5% level of significance in Du% values. The 

highest Du% value (76%) was recorded under the operating 

speed 70% in winter season, while the lowest value (70.2%) 

was recorded under the same operating speed at an autumn 

season. These result are considered acceptable when 

compared to result obtained by Saeed [9] who found that the 

Du% for seven centre pivots evaluated at Umdom produced a 

range 56% 61%. 

3.4. The Application Efficiency (Ea%) 

The application efficiency (Ea%) for the centre pivot 

irrigation systems at two different speeds were shown in 

Table 1 and Figure 2 There is a highly significant difference 
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(P≤0.05) among the different operating speeds in summer 

and winter seasons while there were significant differences in 

autumn season. The highest Ea% value (89%) was recorded 

under the operating speed 40%, while the lowest value (67%) 

was recorded under the operating speed 70% in summer and 

winter seasons. These results are considered acceptable when 

compared to results obtained by Saeed [9] who found Ea% 

value of 73% under the operating speed 40% and 63% under 

the operating speed 75% for seven centre pivots evaluated in 

Umdom Project. 

 

Figure 2. The effect of different operating speeds at different seasons on Christiansen’s coefficient of uniformity (Cu%), Uniformity of distribution (Du%) and 

Application efficiency (Ea%). 

Table 1. The effect of different operating speeds at different seasons on Christiansen’s coefficient of uniformity (Cu%), Uniformity of distribution (Du%) and 

Application efficiency (Ea%). 

 
Coefficient of uniformity (Cu%) Uniformity of distribution (Du%) Application efficiency (Ea%) 

Summer Autumn Winter Summer Autumn Winter Summer Autumn Winter 

Operating speed 40% 80c 83b 89 a 71a 71a 75a 89a 84a 89a 

Operating Speed 70% 80c 82b 88a 70.3a 70.2a 76 a 67b 68b 67b 

LSD 4.4 2.0 2.0 5.2 3.9 3.2 11.7 15.8 11.7 

Sig NS NS NS NS NS NS ** * ** 

Means followed by the same letter (s) are not significantly different at P ≤ 0.05. 

3.5. Scheduling Coefficient (Sc) 

As presented in Table 2 and Figure 3, there were no 

significant differences (P≥0.05) in Sc values among 

treatments. The highest Sc value of 1.48 was obtained under 

the operating speed of 70% at the summer season, while the 

lowest one 1.32 was obtained by the same operating speed 

during the winter season. These results are considered not 

acceptable when compared to results obtained by Saeed [9] 

who found Sc value of 1.6 under the operating speed 40% 

and 1.8 under the operating speed 75% for seven centre 

pivots evaluated in Umdom Project which were also 

unacceptable. The acceptable values for Sc as mentioned by 

Kushwaha and Kanojia [11] are ≤ 1.3. 

 

Figure 3. The effect of different operating speeds at different seasons on scheduling coefficient (Sc). 
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Table 2. The effect of different operating speeds at different seasons on the 

scheduling coefficient (Sc). 

 
Scheduling Coefficient (Sc) 

Summer Autumn Winter 

Operating speed 40% 1.46a 1.44a 1.34a 

Operating Speed 70% 1.48a 1.42a 1.32a 

LSD 0.15 0.09 0.05 

Sig NS NS NS 

4. Conclusions 

From the results of this study that the centre pivot irrigation 

system under different operating speeds and different seasons 

affected on the hydraulic performance. The best performance 

achieved was when using the operating speed 40% at winter 

season. 
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