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Abstract 

A two separately field experiments were conducted at Northern Sudan. The first one 

was conducted during season 2017/18 in New Hamdab location and the second was 

conducted during season 2018/2019 in Dongola location. The objective of this study 

was to evaluate center pivot irrigation system at New Hamdab Scheme and Dongla 

research station in order to determined the optimum operation if propose to grow 

wheat crop. Coefficient uniformity (CU ), distribution uniformity (DU) and mean 

water application depth of catch cans at timer setting 100% at New Hamdab and at 

different timer setting 50%, 75% and 100% at Dongola were determined . Wheat crop 

water requirement was estimated for initial, development, mid and late season stage 

using the previous review data of Kc and normal climatic data. Then the optimum 

operation of these irrigation systems was determined. The results stated that at New 

Hamdab; the system work with CU of 80% and DU of 69% which were acceptable 

for both CU and DU within the range of a fair. The optimum timer setting is 100% 

operating every 2days at all crop stages except in mid season stage which operating 

every day. At Dongola; The system work with CU of (83, 84 and 85%)  and DU (75, 

70 and 74%) at the different timer setting of (100, 75 and 50%) respectively which 

were acceptable for CU within the range of good at timer setting 50% and fair at timer 

setting 100% and 75%, and acceptable for DU within the range of very good at timer 

setting 100% and good at timer setting 75% and 50%. The optimum timer setting is  

operating every day at all crop stages at timer 100% except in mid season stage which 

operating at timer setting 50%. 
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Introduction 

Water scarcity is a vital problem faces the whole world and threatens food security 

(Fronaet al., 2019; Yassiret al., 2020; Makhlofet al., 2021; and Hassan et al., 2022). 

In general irrigation is one of the most important factors, which affect the crop yield 

(Ageeb, 1993). Central pivot irrigation system is the one of the most important 

modern irrigation system in this area. There is a great expansion in using this type of 

systems (Asim, 2018). In Northern Sudan there are many units of this irrigation 

system which had been implemented by Merowi dam implementation unit and the 

investors. One unit can service a large area (45 ha). The area will increase or decrease 

according to the pivot length. When designing sprinkler irrigation systems, it is 

important to provide as uniform of water application as possible. A non-uniform 

application will result in areas of under-watering as well as areas of over-watering. 

This will result in reduced yields and decreased system efficiency. The uniformity of 

the sprinkler nozzle package design is determined by package design. It is affected by 

the operating conditions, and environmental factors, especially wind. The discharge 

rate of the emitters along the pipeline is not the same along the line, but varies from 
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lower values near the center to higher ones towards the outer end by the use of small 

and large nozzles along the line accordingly and sometimes variable spacing. Good 

overlapping is essential. Obtaining suitable application rate patterns is dependent on 

following the manufacturer’s nozzle size and pressure range recommendations. 

Performance indicators showed that central pivots were performing relatively well as 

uniformity coefficients (CU – coefficient of uniformity and DU – distribution 

uniformity) for the systems were within acceptable standards above the base values of 

85% for CU and 75% for DU (Msibiet al. 2014).Classes of CU are as follows: CU ≥ 

90 – excellent, 85 ≤ CU < 90 –good, 80 ≤ CU < 85 – fair, CU< 80 – poor. Classes of 

DU are as follows DU ≥ 85 excellent, 75 ≤ DU < 85 – very good, 70 ≤ DU < 75 – 

good, 65 <DU< 70 – fair, DU ≤ 65 – poor. 

Study Objective  

The objective of this study was to evaluate central pivot irrigation system at New 

Hamdab Scheme and Dongla Research Station in order to determine  the optimum 

operation if propose to grow wheat crop. 

Material and Methods 

A two separately field experiments were conducted at Northern Sudan. The first one was 

conducted during season 2017/2018 in New Hamdab location and the second was 

conducted during season 2018/2019 at  Dongola location. The New Hamdab location is 

characterized by a non–saline, non– sodic soils with coarse textured sandy loam at the 

top 0–40 cm and 65% and 18%, sand and clay respectively. It is classified as 

TypicHaplocambids, fine loamy, mixed, hyperthermic and super active. It is correlated 

to Kelly soil series (Table1). The Dongola Research Station Farm location; in General 

its Soil pH ranges between 7.6 and 8.4 and the texture of this soil is loamy in the upper 

layer 0-30 cm and sandy loam at the depth of 30-60 cm (Table 2 & 3). 

Table (1) New Hamdab location Soil physical and chemical properties. 

Characters Soil depth  

0-20 cm 20-40 cm 40-45 cm 45-85 cm 85-125 cm 

CS (%)     52      52      55      55     52 

FS (%)     14      13      14      15     12 

Si (%)     18      12      15      8     13 

C (%)     16      13      16      23     23 

Bulk density (g cm
-3

)     1.73      1.49      1.86      1.85     1.71 

Porosity (%)     35      44      30      30      35 

Wilting point (%)     8.9      9.2      9.0      8.5      8.9 

Field Capacity (%)     17.8      18.3      18.3      17.0      17.9 

Saturation (%)     36      36      36      41      62 

CaCo3 (%)     2.4      2.4      2.0      6.6      19.2 

CEC ((Cmol +)kg
-1

 soil)     13      10      12      17      18 

EC (dsm
-1

)     0.45      0.86      0.55      1.08      1.47 

PH paste     7.9      7.9      7.8      8.0      7.6 

Where: CS = Coarse sand, FS = Fine sand, Si = silt, C = Clay, ECe = Electric conductivity, CEC 

= Cation exchange capacity and ESP = Exchangeable sodium percentage.Source: (Abbas and 

Elfatih, 2017 ). 

Table  (2) Dongola location chemical properties. 

Depth 

(cm) 

EC 

(meq/l) 

Na 

(meq/l) 

Ca+Mg 

(meq/l) 

SAR 

(meq/l) 

ESP 

(%) 

pH 

(Paste) 

pH 

(1.5) 

0-30 6.45 47.7 17.8 16.2 18.7 7.6 8.4 

Source:( Erneo, 2007) 
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Tabble  (3) Dongola location soil texture. 

Depth (cm) Sand (%) Silt (%) Clay (%) Texture 

0-30 

30-60 

50 

60 

35 

26 

15 

14 

Loam 

Sandy Loam 

Source:( Erneo, 2007) 

Acatch cans of 14 cm diameter were spaced 3 m apart in 3 rows extending from the 

pivot centre straight out to the circle edge. The first row was placed at angle of 30
0 

from the pivot so no water should be entering the cans until the pivot is at full 

pressure and speed. This cans was use to collect the applied irrigation water and then 

measuring the water collected using measuring cylinder. The operation was repeated 3 

times at timer 100% at New Hamda location and at different timer (100, 75 and 50%) 

at Dongolalocation . While the last tower running, a tow point were tagged and the 

distance between them was determined and the time for the tower to run this distance 

was recorded.The coefficient uniformity (CU) was calculated using Christiansen 

equation as described by Heermann and Hein (1968) and expressed by El Nahryet al., 

(2011) and Basheeret al., (2015)as follow; 

CU = [1- ∑(xi –x‾)/n*x‾]*100 

Where; 

CU = coefficient uniformity (%) 

Xi = water depth in can  

x‾ = mean water depth 

n = number of cans 

The distribution uniformity (DU) was calculated using the following equation as 

described by Michael (1978) and suggested by ASABE( 2007);  

DU = dn/x‾ 

Where;  

DU = distribution uniformity (%) 

dn = men water depth of least quarter 

x‾ = over all mean water depth 

The crop water requirement of wheat crop was estimated for initial, development, mid 

and late season stage using the previous review data Kc and normal climatic data 

(Adam,2014). After that to determine the optimum operation of this irrigation system; 

the data which resulted from the performance evaluation were used to apply exactly 

the applied water of the crop water requirement at each stage. 
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Results Discusion 

Table (4) Coefficient uniformity (CU ) ,Distribution uniformity (DU)and mean water application 

depth of catch cans at timer setting 100%. 

Catch cans 

(No) 

W.App depth 

(mm) 

Catch cans 

(No) 

W.App depth 

(mm) 

Catch cans 

(No) 

W.App 

depth (mm) 

1 1.2 25 8.6 49 8.5 

2 2.2 26 10.6 50 8.6 

3 4.7 27 7.8 51 20.3 

4 3.5 28 7.3 52 7.8 

5 3.1 29 6.4 53 7.2 

6 4.2 30 7.6 54 8.7 

7 6.2 31 9.2 55 5.8 

8 9.9 32 8.1 56 7.6 

9 6.7 33 9.1 57 8.5 

10 8.3 34 9.6 58 7 

11 6.1 35 10.1 59 7.8 

12 7.4 36 8.8 60 8.8 

13 7.7 37 9.9 61 7.7 

14 7.9 38 9.3 62 5.9 

15 6.3 39 7.4 63 8 

16 4.8 40 6.4 64 10 

17 9 41 6.9 65 7.8 

18 6.5 42 8.6 66 6.0 

19 6.7 43 7.9 67 7.3 

20 8.8 44 8.2 68 9 

21 8.9 45 8.2 69 8.7 

22 7.3 46 8.3 70 8.2 

23 8.1 47 7.5 71 8.1 

24 7.2 48 8.5 72 8.1 

    73 11.1 

Mean 7.5 

CU (%) 80 

Classes Fair 

DU (%) 69 

Classes Fair 

Performance evaluation of the central pivot irrigation system at New Hamadab location 

season 2017/2018:The results in Table 4. indicated that the system work with 

coefficient uniformity CU of 85%  and DU of 69% within the acceptable range of fair 

for both at timer setting 100% and The application water depth at catch cans varies from 

(1.2 to 11.1 mm) with total mean of 7.5 mm at timer 100% .  
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Table (5) Time per revolution (hr) water application depth (mm) at different timer setting. 

Timer 

setting (%) 

Time/revolution 

(hr) 

Mean w.app. 

depth (mm) 

100 13 7.5 

90 14.4 8.3 

80 16.3 9.4 

70 18.6 10.7 

65 20 11.5 

60 21.7 12.5 

55 23.6 13.6 

50 26 15.0 

45 28.9 16.7 

40 32.5 18.8 

35 37.1 21.4 

30 43 25.0 

25 52 30.0 

20 65 37.0 

The results in Table 5.indicated that the higher timer setting obtain lower mean water 

application depth with lower time per revolution. On the other hand the lower timer 

setting obtains higher mean water application depth with higher time per revolution. 

The time per revolution it range between (13 to 65 hr) and the mean water application 

depth it ranges between (7.5 to 37.0 mm).    

Table (6) Wheat crop water requirement and the Optimum timer setting at different crop stages. 

Crop Stage Initial development Mid Late Total 

Days 20 40 40 20 120 

Kc 0.5 0.75 1.15 0.5  

ETo 6.4 5.1 6.4 7.8  

ETc (mm/day) 3.2 3.8 7.4 3.9  

Optimum timer (%) 100 ( 2 days) 100 ( 2days) 100 (1 day) 100 (2 days)  

The results in Table 6. according to the estimation wheat crop water requirement from 

the previous review data and under this unit condition, the optimum timer setting was 

100% operating at all crop  stages every 2 days  except at mid season which operating 

every day. 
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Table (7) Coefficient uniformity (CU ) ,Distribution uniformity (DU)and mean water application depth of 

catch cans at timer setting 100%, 75% and 50%. 

Catch cans (No) Water application depth (mm) of catch cans 

Timer 100% Timer 75% Timer 50% 

1 3.07 6.49 9.01 

2 4.64 7.11 11.87 

3 4.77 6.15 11.09 

4 4.20 6.24 10.27 

5 4.03 5.11 8.10 

6 3.99 4.94 7.89 

7 3.29 4.07 6.15 

8 3.03 3.86 6.72 

9 2.69 3.81 5.72 

10 2.69 3.86 6.76 

11 2.64 3.38 5.33 

12 2.38 3.68 5.59 

13 2.38 5.55 6.76 

14 5.98 7.11 8.32 

15 4.51 6.93 9.09 

16 3.99 7.19 7.97 

17 3.51 5.76 8.49 

18 3.64 5.85 9.14 

19 4.12 6.07 8.84 

20 3.73 5.89 9.01 

21 3.81 6.02 8.41 

22 3.34 5.55 8.67 

23 3.89 5.19 9.36 

24 3.55 5.46 8.67 

25 3.42 5.50 8.97 

26 3.16 5.46 8.06 

27 3.38 5.29 7.54 

28 3.03 3.99 6.11 

Mean 3.60 5.341 8.14 

CU (%) 83 84 85 

Classes Fair Fair Good 

DU (%) 75 70 74 

Classes Very good Good Good 

Performance evaluation of the central pivot system at Dongola location during 

season 2018/2019: The results in Table 7. indicated that the The system work with 

CU of (83, 84 and 85%) and DU (75, 70 and 74%) at the different timer setting of 

(100, 75 and 50%) respectively which were acceptable for CU within the range of 

good at timer setting 50% and fair at timer setting 100% and 75%, and acceptable for 

DU within the range of very good at timer setting 100% and good at timer setting 

75% and 50%. This may be due to the fact that the low timer setting always resulted 

in more uniform distribution. The application water depth at catch cans varies from 

(2.38 to 5.98 mm) with total mean of 3.60 mm at timer 100% and from (3.38 to 7.19 

mm) with total mean of  5.41 mm at timer 75% not only but also from (5.33 to 11.87 

mm) with total mean of 8.14 mm at timer 50% , this variation may be due to factor of 

wind speed.  
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Table (8) Time per revolution (hr) and water application depth (mm) at different timer setting. 

Timer 

setting (%) 

Time/revolution 

(hr) 

Mean w.app. 

depth (mm) 

100 2.29 3.6 

95 2.41 3.79 

90 2.55 4.0 

85 2.70 4.24 

80 2.87 4.5 

75 3.06 4.8 

70 3.27 5.14 

65 3.53 5.54 

60 3.82 6.0 

55 4.17 6.55 

50 4.58 7.2 

45 5.09 8.0 

40 5.73 9.0 

35 6.45 10.29 

30 7.64 12.0 

25 9.17 14.4 

20 11.46 18.0 

15 15.28 24.0 

12 19.10 30.0 

9 25.47 40.0 

6 38.20 60.0 

3 76.41 120.0 

The results in Table 8.indicated that the higher timer setting obtain low mean water 

application depth with lower time per revolution. On the other hand the lower timer 

setting obtains higher mean water application depth with higher time per revolution. 

The time per revolution it range between (2.29 to 76.41 hr) and the mean water 

application depth it ranges between (3.6 to 120 mm).    

Table (9) Wheat crop water requirement and the Optimum timer setting at different crop stages. 

Crop Stage Initial development Mid Late Total 

Days 20 40 40 20 120 

Kc 0.5 0.75 1.15 0.5  

ETo 6.4 5.1 6.4 7.8  

ETc (mm/day) 3.2 3.8 7.4 3.9  

Optimum timer (%) 100   94 48.9 92  

Proximately 100 (1 day) 95-100 (1 day) 50 (1 day) 90-100 (1  day)  

The results in Table 9. according to the estimation of wheat crop water requirement 

from the previous review data under this unit condition, the optimum timer setting 

were (100), (95 to 100), (50) and (90 to 100) operating every day at initial, atage 

development, mid and late season stage respectively. Beside the consideration of 

irrigation at sowing date should be at low timer about 50 to 75% due to the need of 

enough water to germinate the seeds. 

Conclusion 

1. For New hamdab: The system work with acceptable distribution uniformity within 

the range of fair for both CU and DU. 

2. The system optimum timer setting is 100% operating every 2days at all crop stages 

except at mid season stage which operating every day. 

3.For Dongola:Thesystem work with acceptable for CU within the range of good at 

timer setting 50% and fair at timer setting 100% and 75%, and acceptable for DU 
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within the range of very good at timer setting 100% and good at timer setting 75% 

and 50%.  

4.The system optimum timer setting is  operating every day at all crop stages at timer 

100% except at mid season stage which operating at timer setting 50%. 

References 

Abbas M. A. Mustafa and Elfatih E. AwadElkarim (2017) Wheat productivity, soil moisture content 

and soil bulk density as affected by different tillage systems in the desert plain, Northern Sudan, 

University of BakhtAlruda Scientific Journal, Issue 20. 

Adam H. S. (2014) Agroclimatology,crop water requirement and water management, 2
nd

 edition 

book.University of Gezira Press.  

Ageeb, O. A. A. (1993) Agronomic aspect of wheat production in Sudan. In: Wheat in Heat-Stressed 

Environments:Irrigated, Dry Areas and RiceWheat Farming Systems. Ed. D. A. Saunders and G.P 

Hettel. Pp. 154-162. 

ASABE, (2007) Test procedure for determining the uniformity of water distribution of centerpivot and 

lateral move irrigation machines equipped with spray or sprinkler nozzles. ANSI/ASAE S436.1 JUN 

1996. ASAE Standards, pp. 1033- 1039) 

Asim Osman Elzubeir (2018)  Survey Study of Centre Pivot Irrigation System in Northern State 

(Sudan). International Journal of Science and Qualitative Analysis. Vol. 4, No. 1, pp. 27-33. doi: 

10.11648/j.ijsqa.20180401. 

Basheer, A. K., Ali A. BM., Elshaikh N. A., Alhadi M. and Altayeb, O. A. (2015) Performance’s 

Comparison Study Between Center Pivot Sprinkler and Surface Irrigation System. International Journal 

of Engineering Works. Vol. 2, Issue 2, PP. 23-27) 

El Nahry, A. H., Ali, R. R. and Baroudy, A. A. (2011) An approach for precision farming under pivot 

irrigation system using remote sensing and GIS techniques. Agricultural Water Management: P517-531 

Erneo D. B. (2007) Impact of Irrigation Method and Variety on Water Requirement of Wheat 

(Triticumaestivum L.) in the Uper Terrace Soils of Northern Sudan.Ph. D. thesis, University of Juba. 

Frona, D., Szenderak, J. and Harangi-Rakos, M. (2019) The Challenge of Feeding the World. 

Sustainability, 11 (20), p. 5816) 

Hassan ElhajAlsayim; Amir Mustafa Abd El-Edaim; Ali Widaa Mohammed Elamin; Adam Bush 

Adam  and  Mohammed Abd-ElhafeezAbass (2022)  Water Resources and Irrigation Management  

v.11, n.1-3, p.1-7, 2022   

Heermann, D. F. and Hein, P. R.  (1968) Performance characteristics of self-propelled center pivot 

sprinkler irrigation systems. Transactions of the ASAE, v. 11, n. 1, p. 11-15.  

Makhlof, H. A. H.; Elamin, A. W. M.; Mohamed, M. A.; Adam, A. B. and Abdeldyim, A. M. (2021) 

Demarcation of groundwater quality for irrigation purposes in Sirte, Libya. Water Resources and 

Irrigation Management, vol. 10, N. 1-3, p. 15-24. 

Michael, A. M. (1978) Irrigation: Theory and practice. New Delhi: Vikas Publishing House, 801p. 

Msibi S.T, Kihupi N.I and Tarimo A.K.P.R (2014) Performance of Centre Pivot Sprinkler Irrigation 

System and its Effect on Crop Yield at Ubombo Sugar Estate, Research Journal of Engineering 

Sciences, Vol. 3(5), 1-11. 

Yassir Mohamed Ibrahim1, HajerMahjoubAbdAllaMohammed,Osama Osman Ali, 

MohmedAbdallahMohmed Abdalhi3, (2020) Effect of Different Towers of Center Pivot Irrigation 

System on Wheat Production Under River Nile State Conditions, Journal of Agricultural Science and 

Engineering Vol. 6, No. 2, pp. 13-16. 


