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ABSTRACT 
The water uniformity for a center pivot system has been investigated. The 

surface and subsurface water uniformity was studied along the main system line 

and through system direction (system movement). Three sprinkler heights, (50, 

100 and 125 em ) have been considered during the field experiments. The 

average volumetric soil moisture contents were measured at three soil depths, 

20, 30 and 40 em, to assess subsurface water uniformity. The measurements 

were carried out after 24, 48, and 72 hours after irrigation cycle. The results 

revealed that the subsurface water uniformity is higher than that the water 

surface uniformity. On the average, there was a noticeable decrease in the 

surface water uniformity measured along the main line (68.43 %) compared to 

that measured in the direction of system movement (80.5 %). On the other hand, 

there was small difference in the subsurface water uniformity measured in both 

directions (89.26% along the system movement and 88.66% along the system 

line). The results also was revealed that the subsurface water untformity is less 

affected by the sprinkler heights .compared to the surface water uniformity. 

INTRODUCTION 

The expectantly continuous growth of the world population 
increases the amount of water needed to produce more food and 
fiber. The agricultural sector is the most water consumer, 

particularly irrigation. To help conserve the irrigation water, efficient 
irrigation systems have been existed for decades. The sprinkler irrigation 
system is widely and universally spread. An efficient center pivot system 
is usually reflected by how the water is evenly distributed above the soil 
surface. This may not be an appropriate reflector of the actual water 
distribution in the root zone. Davis (1963) raised the importance of the 
water distribution inside the soil and stated that the evaluation of water 
. distribution above the soilJs not a good indicator of crop yield. For a solid 
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sprinkle system, Hart (1972) assessed the evaluation of the water 
distribution above and below the soil surface. He noticed some 
differences between both methods of evaluation and emphasized on the 
consideration of water distribution below the soil surface when 
designing a sprinkle irrigation system. This study has a similar result to 
that reported by Ayars et al (1991). For cotton crop ( lrriFrance center 
pivot made in France were used). These studies imply that the traditional 
measurement 
of CU above the soil surface has to be reconsidered. Rao (2000) 
conducted a field experiment to study the influence of canopy on the 
coefficient uniformity and found that the CU below wheat canopy is 
higher than CU above the canopy.The increasing agricultural water use, 
the universal spread of the center pivot irrigation systems, and the 
continuously spatial and temporal changes of the field characteristics, 
along with other factors, encouraged the current study. The objectives of 
this study was carried out to determine the subsurface water uniformity 
and secondly the effect of sprinkler heights on surface and subsurface 
water distribution. 

MATERIALS AND METHODS 
Experiment site 
The experiment was conducted at private farm - Alex. I cairo desert road. 
The field of experiment has an area about 16 faddans. The mechanical 
soil analysis revealed that the soil texture is sandy loam with 80 % sand, 
1cyo silt, and 13 %clay. The chemical analysis of water source is shown 
in Table 1. 
Table 1. Chemical analysis ofirrigation water 

SP pH 
(%) 

EC 
(ds/m) 

Cations (meq/1) Anions (meq/1) 

Water 7.05 1.48 6.54 2.73 3.37 1.86 4.16 4.51 5.68 

System characteristics 
The. arm length of the center pivot (Green Valley made in U.S.A.} 
irrigation system which used in the experiment was 145.3 m. with an 
inside diameter of 102 mm. The lengths of the first, second, and third 
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towers were 42.5, 49.5, and 49.5 m. respectively. Although the system 
consisted of three towers, the last tower, which is away from the pivot, 
was considered for this study. Fixed spray type sprinklers were utilized 
with constant sprinklers spacing that was equal to 2.4 m. 
The system was operated at a speed equal to SO % of its maximum speed 
that is 3.9 mlmin. The flow rate of the pivot was kept constant during the 
run ofthe experiment and equal to 221/s (79.2 m3/h). 
Determination of surface and subsurface water distribution 
The determination of surface and subsurface water distribution was 
accomplished along the system main line (normal to the pivot) and along 
the system movement (parallel to the pivot). The surface water 
distribution was assessed by considering the amount of water collected in 
the cans, which are 15 em height and 10 em diameter. 

For measurement along the main system line, two lines of cans were 
placed with an angle of 20 degree and distance equal to 3 m between each 
two successive cans. The distance from the pivot to the first can was 99 
m. For measurement in the direction of system movement, two lines of 
cans were also used. The distances between the lines and the cans were 3 
m and the distance from the pivot to the first line was 111m~ The layout 
of the experiment is shown in Fig. 1. 

For the subsurface water distribution assessment, the soil moisture 
contents were determined. The gravimetric method was utilized to 

measure the soil moisture contents at soil depths (20, 30 and 40 em). " 
Given the difficulty of estimating water distribution underneath surface 

manner cans assembly was taking random samples of 10 samples I faddan 
under each depth mentioned experience "20, 30, 40 em" at times the 
specified measurement "24, 48, 72 hours", and measure the moisture 
content of each sample". 

The measurements were taken after 24, 48 and 72 hours. At the later, the 
irrigation started again. Ii should be noted that the mean of the 
Jl)easurements was considered for the determination of CU beneath the 
soil surface. 
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Fig. 1. Layout (Drawing Sketch) of the field experiment. 

Computation of surface and subsurface water distribution ·' 
How water is evenly distributed over an irrigated filed is usually 
presented by uniformity terms such as coefficient of uniformity, CU. 
Several equations have been proposed to compute the coefficient of 
uniformity, CU. We calculated according to the modified Heermann and 
Hein's equation (ASAE Standards S436. (1994),): 

:LD.s. 
~s.D.-':Ls. (1) 

CU H = 100 1- q :LD.s . 
• 

That computed the surface soil CU along the main system line. The 
subsurface CU in both directions and the surface soil CU in the direction 
of system movement were calculated based on the Christiansen's 
equation,1942 (ASAE Standards S436. 1994,): 
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2: l0s -D] 
cu c = 100 1--11~=----2:Ds (2) 

T) 

Where: 
CUH = Heermann and Hein's uniformity coefficient, 
D, =Collected def-th (or soil water contents) at a distanceS from the 

pivot,{ em) · 
S =Distance of the collector to the pivot, (m.) 
s = Subscript denoting a point at S distance, 
11 = Number of catch containers, 
CUe= Christiansen's uniformity coefficient, and 
D = Mean of collected depths (or soil water contents). 

RESULTS AND DISCUSSION 
Figure 2 shows the relationship between the above soil surface CU and 
the sprinkler height. The figure depicts that the CU, along the sprinkle 
main line and along the system movement, increases with the increase of 
the sprinkler height. 

100 .~ 

~ ~ Along system mOvement 
::;) 90 • Along system main line u 
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~ 
~ 60 
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40 

12S 100 so 
Sprinkler Height (em) 

Fig. 2. Relationship between surface CU and sprinkler height . 
It oould also be seen from the figure 2, that the variation of CU along the 
sprinkler main line is less than the variation ofCU in the direction ofthe 
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system movement. As shown in Table 2, the values of surface CU normal 
to)he pivot were found to be 84.0, 69.3 and 52.0% for sprinkler heights 
125, 100 and 50 em, respectively. 
On the other hands, the values of the surface CU parallel to the pivot were 
87.0, 82.5 and 72.0 % for sprinkler heights 125, 100 and 50 em, 
respectively The average of both measuring normal and parallel 68.43% 
and 80.50% resp . This result agree with Hart (1972). Also the difference 
in values may be due to the effect of evaporation and system overlap. 
Figure 3 shows the variation of the below water soil surface CU in both 
directions with the sprinkler heights. As can be seen from the figure, the 
CU gets better when the sprinkler heights increases. Unlike the surface 
CU, the subsurface CU values are almost identical for both directions. 
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Fig. 3. Relationship between subsurface CU and sprinkler height 

In other words, the values of CU along the sprinkler main line and in the 
direction of system movement are about the same. The insignificant 
variation of subsurface CU values is apparently attributed to the 
redistribution of water within the soi\ media. 
This result supports and emphasizes the reconsideration of evaluating the 
sprinkler systems in general and the center pivot systems in particufar. 
Table 2 shows the average values of the subsurface CU normal to the 
pivot that were 90.5, 89.0 and 86.5% for sprinkler heights 125, 100 and 

The 19th. Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 - 568-



I 

llf 
.. 

IRRIGATION ANI;> DRAINAGE 

50 em, respectively. In addition, the average values of the subsurface CU 
parallel to the pivot were 91.8, 89.7 and 86.3 %for sprinkler heights 125, 
100 and 50 em, respectively. The average ofboth measuring normal and 
parallel for all sprinkler height's were 88.66% and 89.26% resp. This 
result agree with Davis (1963)., also the small difference lead to both 
center pivot low speed and mobility. 
The subsurface evaluation of the center pivot, or even other irrigation 
systems, would be a difficult task to accomplish. Therefore, it is preferred 
to have a mathematical relationship between the subsurface CU and the 
surface CU. 
Thus it was fortunate to possibly relate the subsurface CU to the surface 
CU. Since there were small differences between the values of the 
subsurface CU measured along the sprinkler main line and those 
measured along the system movement, the average values were 
considered as shown in Table 2. 
Table 2. Values of surface and subsurface CU 

Observed Observed 
Sprinkler CUsur<:%) CUsub!%) 

height (em) Normal Parallel Normal Parallel 
to pivot to pivot Averaoe to pivot to pivot Averaoe 

125 84.00 87.00 85.50 90.50 91.80 91.15 
100 69.30 82.50 75.90 89.00 89.70~~ 89.35 
50 52.00 72.00 62.00 86.50 86.30 86.40 

Average 68.43 80.50 74.46 88.66 89.26 88.96 

CONCLUSION 
A field evaluation of center-pivot system uniformity was accomplished. 
The results indicated that the surface and subsurface CU are affected by 
the sprinkler heights with more significance to the surface CU. The 
results implied that CU increases with the increase of the sprinkler 
heights. The subsurface CU can be obtained from either surface CU, 
along the system main line or in the direction of system movement. 
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