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Introduction

Maximum sprinkler flow rate, maximum irrigation interval, and leaching requirement are the primary
factors in designing sprinkler irrigation systems, which are determined based on the physical and
chemical properties of water and soil. This study aimed to prepare the spatial maps of the mentioned
parameters in the plains of Islamabad-Gharb district, Kermanshah province. In previous studies,
kriging and IDW methods have been found to be suitable for zoning the physical and chemical
properties of groundwater and soil. Asadzadeh et al. (2019) investigated the spatial changes of
groundwater quality indicators in Ardabil plain by kriging method to investigate the water situation in
this area for irrigation systems. Yonesi et al. (2020) also zoned some critical water quality parameters
(such as nitrate) of the Najafabad aquifer using the kriging method. Kumar and Sangeetha (2020) used
the IDW method to classify groundwater quality in the study area and classify it according to drinking
and agricultural uses. Karami and Basirat (2015) evaluated the spatial variations of some surface soil
characteristics of Arsanjan plain by kriging and IDW methods. on the other hand, a specific method
can not be considered the best method for intermediation and zoning of these parameters. In this study,
both methods were used for mediation.

Materials and methods

This study used the results of soil and water tests in 261 sprinkler irrigation projects whose water
was supplied from agricultural wells. The results of soil and water tests were stored in a geodatabase.
The basic parameters required for the design of sprinkler irrigation systems (for wheat and sugar beet),
which could be determined based on soil and water characteristics, were calculated and added to the
database. The maximum sprinkler flow rate was calculated according to the distance between the
sprinklers on the lateral pipes, the distance between the lateral pipes on the main pipe, and the final
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permeability of the soil. The maximum irrigation cycle was calculated according to the root depth, the
total available water, the maximum amount of allowable deficit, and evapotranspiration of the crop in
the period of maximum water consumption. The leaching requirement was calculated according to the
salinity of the irrigation water and the tolerable salinity of the crop. The maps related to soil and water
properties and basic parameters were produced using kriging and inverse distance weighting (IDW)
interpolation techniques in the grids of 100 meters. Interpolation was done separately for each plain,
and only samples of the same plain were used in interpolating the parameters of each plain. Finally,
the maps prepared for each layer were merged throughout the region. Using the Model builder tool in
ArcGIS software, a model was created for each interpolation method.

Results and Discussion

The results of groundwater salinity zoning based on Kriging and IDW methods indicated that 100%
and 97% of the groundwater in the region has an electrical conductivity of less than 700 uS.cm-1. The
basic infiltration rate in the western part of the district, where the soil had a higher percentage of clay,
was lower than in other areas. Hassanabad and Harsam plains have the lowest and highest average total
available water in the district, respectively. The minimum and maximum values of maximum irrigation
interval of wheat in zoning by kriging method were 22 and 26 days, respectively, and in IDW method
were 18 and 31 days, respectively. The maximum irrigation interval of sugar beet in zoning by kriging
method was 7 to 9 days and in IDW method was 6 to 10 days. The maximum leaching fraction of sugar
beet in the plains of the district was calculated to be 2.0 and 4.2%, respectively, based on kriging and
IDW methods. The minimum and maximum values of wheat leaching fraction in the Kriging method
are 0. 9 and 2.3%, respectively, and in the IDW method are 0.6 and 5.0%, respectively. The minimum
values for maximum sprinkler flow rate in the 20 * 20 m sprinkler network were determined as 0.95
and 0.57 liters per second, respectively in Kriging and IDW methods.

Conclusion

The results indicate that there is no limit to groundwater use in the region for irrigation in terms of
water quality. Based on the results, it can be stated that the irrigation cycle of 10 and 7 days, which is
traditionally considered in the region for wheat and sugar beet, is acceptable. Since the leaching
fraction was calculated as less than ten percent, there is no need to consider the leaching fraction in
irrigation calculations. It is suggested that for new irrigation projects in these plains, soil and water
experiments be excluded from their studies, and the results of this study are used. According to the
results and the prepared maps, it is possible to design sprinkler irrigation systems in the studied plains
with acceptable accuracy without conducting new soil and water tests.
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Table 1- Location of well and physical and chemical properties of water in three projects (as an

example)
. Project No.

Parameter unit 7 65 127
Village Name - Ghuchemi Namdar Momeyi Firouz Abad
Well depth m 30 100 48
X coordinate (UTM) m 664425 649211 629332
Y coordinate (UTM) m 3757450 3765492 3780041
EC ds/m 370 512 465
pH - 7.15 7.7 7.4
CI meq/I 0.6 0.9 0.7
S04~ meq/I 0 3.39 0.69
HCO3 meq/I 4.33 6.6 7.3
(Ca+ Mg) ** meq/I 4.7 9.9 8.6
Na* meg/I 0.23 0.99 0.09
TDS 237 327 298
SAR 0.15 0.44 0.04
Classification - C2-S1 C2-S1 C2-S1
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Table 2- Physical and chemical properties of soil in three projects (as an example)

. Soil Project No.

Parameter Unit depth (cm) 7 65 127
_ Basic mm/hr 0-30 14 11 12
infiltration rate

0-30 5 27 20
Sand (%) 30-60 3 25 22
60-90 6 25 20
0-30 60 34 54
Silt % 30-60 48 32 54
60-90 45 34 54
0-30 35 39 26
Clay % 30-60 49 43 24
60-90 49 41 26
0-30 Silty clay loam Clay loam Silty loam
Soil texture - 30-60 Silty clay Clay Silty loam
60-90 Silty clay Clay Silty loam
0-30 0.8 1.4 0.8
EC ds/m 30-60 0.8 15 0.9
60-90 0.8 1.45 0.85
0-30 7.8 8.1 7.45
pH - 30-60 75 8.3 7.6
60-90 7.55 8.25 7.6
% 0-30 33 30 31
FC (Vol) 30-60 35 35 31
' 60-90 35 35 31
% 0-30 16 16 16
PWP (Vol) 30-60 17 18.5 16
' 60-90 17 18.5 16
0-30 1.36 1.4 1.34
Bulk density gricm? 30-60 1.33 1.3 1.34
60-90 1.33 1.3 1.34
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Fig. 3 — The map of Groundwater EC (uS / cm) generated by a) IDW and b) Kriging method
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Table 1 - Summary of statistical results of groundwater salinity zoning (uS / cm)

Method Plain Minimum Maximun  Range Average Séi?gggi
Shian 497 654 158 575 43
asanabad 478 603 124 519 24
Kriging  slamabad 397 694 297 553 70
Harasam 280 673 393 478 112
Dizgaran 321 401 80 362 18
Shian 200 827 626 578 82
Hasanabad 321 735 415 504 27
IDW slamabad 186 1416 1231 560 114
Harasam 198 840 642 488 84
Dizgaran 182 577 396 358 43
P o = . . . }
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Fig. 4 - Soil permeability zoning map by a) Kriging and b) IDW methods (cm/hr)
Celo 3t o il s 3 IDW (b 9 <Kum 57 (2 S 95 4 1 (S 0y dedi (Sudigy 4k - b


https://doi.org/10.22055/jise.2022.39006.1997

VP

“‘\—\f'fup.\f'\Jl.w?c)w?bc)}: ‘5JL:;T6~A..€.43(=}19

E R § g tegend g

R ) R :

o s B Low : 130
a) b)
Fig. 5 — Total available water in the soil (mm/m) based a) Kriging and b) IDW Methods
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Fig. 6 —The map of wheat maximum irrigation interval (day) by a) Kriging and b) IDW methods
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Fig. 7 - The map of sugarbeet maximum irrigation interval (day) by a) Kriging and b) IDW methods
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Fig. 8- The map of maximum sprinkler discharge (L/s) for sprinkler spacing of 20 meters based on
interpolation techniques of a) kriging and b) IDW
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