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Abstract

In many Iranian agricultural farms, center-pivot sprinkler irrigation is widely used as a modern irrigation method.
However, improper design, installation, or operation of these systems can reduce their actual irrigation efficiency.
Consequently, non-uniform water distribution along the lateral may occur, resulting in localized waterlogging or runoff.
These conditions can adversely affect plant growth and alter nitrate distribution and salinity levels in the soil. Two existing
center pivot irrigation systems were evaluated at the farm of Qiam Agricultural and Industrial Company in Isfahan. In
this evaluation, the average indices of the Christian-Sen uniformity coefficient CU (C), the distribution uniformity
coefficient DU, the Hayman and Hein uniformity coefficient CU (H), the potential efficiency of application in the lower
quadrant PELQ, and the actual efficiency of application in the lower quadrant AELQ for the two irrigation machines were
calculated to be 67%, 57%, 65%, 45%, and 54%, respectively. Comparison of the results with the acceptable ranges for
these indices showed that the two systems did not achieve acceptable irrigation efficiency. The results of the study also
showed that the volume of water discharged from the different spans varied, with the highest and lowest volumes of
discharged water observed in the first and last spans, respectively. Therefore, due to the non-uniform distribution of water
across the spans in the studied center-pivot irrigation system, soil samples were collected from beneath different spans to
investigate residual soil nitrate concentrations, the salinity of the saturated soil extract, and rapeseed yield. A completely
randomized block design was used to compare their means. The results showed that the first span with higher water intake
had the highest canola dry weight (1.19 kg/m2), the lowest saturated soil extract salinity (1.67 dS/m), and the lowest
residual nitrate in the soil (4.93 mg/kg). The last span with lower water intake had the lowest canola dry weight (0.44
kg/m?2), the highest saturated soil extract salinity (3.33 dS/m), and the lowest residual nitrate in the soil (2.203 mg/kg).
There was a significant difference at the 1% level between the parameters in different spans. Therefore, it is recommended
to use accurate, real-time management tools suited to the crop and climatic conditions of the region to achieve more
uniform crop performance across all spans of the center-pivot irrigation system.
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Table 1. Physical and chemical properties of the soil under study at the Ghiam Crop and Livestock Farm at 9 locations

Organic Calcium- Magnesi
Sample Clay Silt Sand Pebble Lime Sodium Calcium Ec
Texture Matter Magnesium um SAR PH
number % % % % % (meq/l) (meq/l) (ds/m)
(%) (meq/L) (meq/l)
Sandy
1 Clay 24.7 25.5 49.7 0.8 20 58.5 43.6 43 20.7 223 9.3 7.3 7.9
Loam
Clay
2 30.7 25.5 43.7 0.7 9.2 54.4 36.5 345 16.2 183 8.7 6.5 8
Loam
Sandy
3 Clay 28.7 23.5 47.7 1.4 20 50.2 37.3 27 12.6 14.4 10.2 5.4 8.1
Loam
Clay
4 32.7 23.5 43.7 1.1 16.7 53.2 26.9 222 10.4 11.8 8 43 8
Loam
Clay
5 30.7 27.5 41.7 2.4 9.2 43.5 29.2 20.5 10.2 10.3 9.1 43 8
Loam
Clay
6 28.7 31.5 39.7 0.9 18.8 54 39 25 10.4 10.1 11 5.5 8.1
Loam
Sandy
7 Clay 22.7 27.5 49.7 2.3 3.5 52.8 33.1 24.5 11 13.5 9.4 5 8.2
Loam
Clay
8 30.7 27.5 41.7 1.3 25 52.9 33.1 19 7.2 11.8 10.8 4.6 8.1
Loam
Sandy
9 Clay 20.7 21.5 57.7 1.9 16.7 44.5 445 49 28.6 20.4 8.9 7.9 8
Loam
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Table 2. Results of the linear speed analysis for each span of the system
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Device Number DeVIE:OeA) ;peed mslﬁiner chset?lltl:re (frrl(;m Linear speed (m/min)
1 50 0.2
2 100 0.4
3 150 0.6
4 200 0.8
2 5 250 1.1
6 300 1.3
> 7 350 1.5
8 400 1.7
1 50 2.2
2 100 44
) 3 150 6.6
4 200 8.8
5 250 11
70 6 300 13.2
7 350 15.5
8 400 17.7
1 50 0.5
2 100 1
3 150 1.5
1 15 4 200 2
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Figure 4. Average volume of water collected in the containers
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Table 3. Results of calculations for distribution uniformity and actual application efficiency in the lower quarter for the two
systems in the study area

date Device Row Number  DU% CUn% CUc% AELQ
1403/5/11 1 1 422 59.1 53.4 40.4
1403/5/11 1 2 36 53.8 48 383
1403/7/19 2 1 57.8 70.9 74 57.8
1403/8/17 2 1 70.7 76 69.3 70.7
1403/8/17 2 2 59.6 74.5 72 56.6
1403/9/8 2 1 66.7 74.3 67 56.9
1403/9/8 2 2 54.5 65.1 533 43.9
1403/10/3 1 1 64.7 61.8 72 60.9
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Figure 5. Dry weight of rapeseed in different spans of the device
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Figure 6. Rapeseed grain weight in different spans of the device
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Figure 7. Sprinkler discharge rates across different spans of the device
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Figure 8. Residual soil nitrate at different spans of the machine
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Figure 9. Soil salinity graph across different spans of the machine

3 b 93 0 kimi 5 O @ e S e 5 Aol S gy Sagn 00 (Sl :KLe) bsly 455 Y dds
IAS &ils 03 5 i 055 (S K cylds (S s sledl Ol 25 a LT

Table 3. Results of analysis of variance (mean squares) for the study investigating the effect of distance from the center pivot
on the volume of water distributed in the catch cans, sprinkler discharge, residual soil nitrate, soil electrical conductivity, and
.rapeseed dry weight and grain weight

Sources of Degree of Distance Water Flow rate Nitrate Electrlfsa.I D.ry Sged
variation froedom from the volume (Lfs) (mg/ke) conductivity weight weight
center (ml) (dS/m) (kg/m?) (kg/m?)
Replication 2 3161™ 43720 0.001m 1102 0.501* 0.0033"s 0.00016"
Span 7 42986 22654™ 0.017* 4717 0.789"* 0.1614™ 0.00121™
Error 14 57.1 1410 0.002 171 0.113 0.0026 0.00004
Coefficient of 3.7 122 234 7.4 123 7.7 103

Variation (%)

ns, *, and ** indicate non-significance and significance at the 5% and 1% probability levels, respectively.

AER
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