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Figure 1. Geographical location of the study area
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Figure 2. The location of the points in the USDA soil texture triangle
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Tablel. maximum and minimum actual values of each of the independent variables

Variables Unit Minimum  Maximum Mean gtar_ldgrd
eviation
Clay % 7.6 81 36 9.4
Silt % 14.7 56.3 39 6.8
Sand % 4.3 57.3 25 11.5
Soil saturation % 26.1 77.2 485 9.8
degree
Field capacity % 12.9 33.2 21.4 3.9
Bulk density g/lcm3 1.29 1.78 1.59 0.08
Effective % 5.8 51.4 17.7 6.08
p0r05|ty
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Figure 3. Frequency diagram of converted hydraulic conductivity

2- Fisher test

1 -Coefficient of determination
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Figure 4. Existence of trends of hydraulic condoctivity along the coordinate axes
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Figure 5. Variogram of hydraulic conductivity at the level of the region
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Table 2. Statistical indicators of the selected model

Regression model

Predicted R?

Adjusted R2

Sequential p-value

Selected model

Cubic model

0.94

0.92

< 0.0001

v
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Table 3. Variance analysis of soil hydraulic conductivity model based on soil physical factors

Variables Dfegrees of Sum of Squares  Mean Square F-value p-value
reedom

Model s 2 6708 958 95.2 <0.0001
A-Clay 1 120.01 120.01 11.9 0.0009
C-Sand 1 36.9 36.9 3.6 0.059
D-SP 1 4.88 4.88 0.2 0.65
E-FC 1 2.03 2.03 0.2 0.65
AC 1 71 71 7 0.0097
DE 1 50.3 50.3 5.01 0.02
2 1 255.5 255.5 25.3 < 0.0001
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Table 4- Statistical indicators of soil hydraulic conductivity model based on soil textural factors

Variales b B PR TR Men e OV
Hydraulic conductivity 317 094 0.89 0.85 7 49.2 44.9
(mm.hr?) ' ' ' ' . .

Sl sl sl elwl p (Solgyou Culo (Goludoy Juo <l ps -0 Jau
Table 5. Coefficients of the proposed model of hydraulic conductivity based on soil textural factors

Variables Coefficient
Constant number -29.4
A Clay 0.122
C Sand -0.143
D SP 0.68
E FC 1.31
AC Clay * Sand -0.01
DE SP*FC -0.026
Cc2 Sand? 0.0094
30 8 50 15
o] e
)
<,
E d
E0
< 1 ©2)
] -4 e —
30 | ™~ -6 T
!‘i iZ 3‘9 5‘6 7‘3 Qb “I é 17 2‘5 33 4‘1 49 5‘7 !‘i iB 48 6‘!1 B‘E 3‘9 52 6‘5
o A: Clay (3) . B: Silt (%) . C: Sand (%) D: SP (%)
17 . . 5: 6:
=3 =4
= =]
£o £2
£ E0]
25| 82
4|
-10] -6
1l2 ‘I?I’.S 2I3 Zé.S 3‘4 ‘i 112 1‘.4 115 1‘.5 é é 1:1.4 23:.8 3?:.2 4216 5‘2
E: FC (%) F: Pb {gr/cm3) G: Eff. por (%)

S (Sgyin colan p SB ol glaygisB 51 Sy 2 5T -AJSS
Figure 8. The effect of each textural factor on soil hydraulic conductivity
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Figure 9. The three-dimensional surface of the soil hydraulic conductivity level lines based on the factors of soil
clay and sand content
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Figure 10. Cross validation graph of predicted results by the model and measured values
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Table 6. The optimal performance point of the response surface model

Field

Soil saturation

Effective 1k density : sand Clay silt
porosity r om-3 capacity degree ) ) y
%) @r.cm-2) %) %) ) o o
26.4 1.37 28 71 86 51 8.9
57 Desirability 57 Ks (mm/h)
49 49 ]
41 41
& 5 Desirability 1.000 < & Prediction 57.1599
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Figure 11. Coordinates of the optimal point on the two-dimensional surface of the response model.
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Table 7. performance indicators (RMSE, MAE, ¢ and R?) for the models

Model RMSE MAE € (%) R?
Cokriging 3.21 9.43 0.23 0.93
Response surface 1.34 1.3 1.01 0.94
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Abstract

Soil Saturated Hydraulic conductivity is one of the most important soils physical properties, which has
particular importance in studying and modeling the movement of water and salts in porous media.
Because these methods are expensive and time consuming. Therefore, it seems necessary to estimate
saturated hydraulic conductivity using of fast, low-cost methods with acceptable accuracy. In this
research, geostatistical and response surface methods were used to estimate the hydraulic conductivity
of soil saturation, the data was prepared from 135 soil profiles related to soil science and land reform
studies of Ardabil Agricultural Jihad Organization in Fatah Ali Plain area. The main factor included
saturated hydraulic conductivity, soil texture, bulk density, porosity, degree of saturation, and field
capacity were considered as secondary factors. Among the geostatistical methods, ordinary cokriging
had the best fit and the best fitted variogram in this method was the exponential model with zero nugget
effect and 156 of sill range. That showed the strength of the spatial structure of the region and the full
impact of the spatial structure on region variogram. In the ordinary cokriging method, the estimation
accuracy was estimated with the regression coefficient (R?=0.93) and (RMSE=3.21). In the response
surface model, the best saturated hydraulic conductivity model based on the effective variables, was
quadratic model with regression coefficient of 0.94 and the adequacy of accuracy of 49.2 was estimated,
to determine the maximum hydraulic conductivity assuming the change of other effective parameters in
the range of measured values, a target with desirability of 0.67 was obtained. This goal calculated the
hydraulic conductivity of the soil at 8.9 (%) clay and 86 (%) sand, equal to 57.15 (mm/hour). Therefore,
both methods are highly accurate in determining the hydraulic conductivity of soil saturation, but the
response surface method (RSM) was more accurate.

Key words: Response surface model, Saturated hydraulic conductivity, Irrigation and drainage network,
Optimization, Cokriging.
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