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Abstract

Soil erodibility is influenced by environmental and management factors and serves as a critical
guantitative and qualitative indicator for estimating soil loss potential. This parameter is essential for
planning soil conservation strategies and prioritizing protective measures. This study aimed to
identify the direct and indirect environmental variables affecting the soil erodibility index (K) in sub-
watersheds of West Azerbaijan Province. A total of 131 soil samples were collected from
representative rangeland sites across the province, with adequate spatial distribution, from the surface
layer (0—20 cm). Soil properties, including sand, silt, clay, organic carbon, lime content, saturated
moisture, pH, and electrical conductivity, were measured in the laboratory. Additionally, soil
permeability class and structure were determined. Topographic characteristics, such as slope
gradient, slope aspect, and elevation of sampling points, were recorded using a clinometer, azimuth
meter, and Global Positioning System (GPS). Maps of temperature and precipitation distribution
were generated using the Inverse Distance Weighting (IDW) method in ArcGIS 10.3.1, and
corresponding values for sampling points were extracted. The soil erodibility factor (K) was
calculated using the equation proposed by Wischmeier and Smith. Stepwise regression analysis was
used to examine the relationship between the soil erodibility factor (K) and environmental variables.
Regression coefficients and steps were determined for environmental parameters, and the statistical
significance of the regression model was assessed through analysis of variance (ANOVA) across
four steps. Correlation coefficients for vegetation cover, precipitation, slope, and elevation with the
soil erodibility factor (K) were calculated at each step. ANOVA results indicated that the model was
significant at the 1% level, confirming its reliability. The student’s t-test was used to determine the
constant and variable coefficients of the models. Standardized coefficients for vegetation cover,
precipitation, slope, and elevation were -0.231, -0.203, 0.194, and -0.187, respectively. Vegetation
cover showed the highest correlation (R = 0.320), while elevation showed the lowest correlation (R
= 0.469) with the soil erodibility factor (K). The spatial distribution of the K factor was mapped using
geostatistical techniques, with the IDW method selected due to its lowest Root Mean Square Error
(RMSE). The K factor map indicated the highest erodibility in the northern regions of the province,
corresponding to areas with excessive livestock grazing and reduced vegetation cover due to
overgrazing.
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area
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Table 1. Some physical and chemical properties of soil and statistics of measured environmental variables in sampling

sites

Physical and chemical parameters of soil Min Max Mean Std. Dev
Sand (%) 3 84 38.12 16.8
Silt (%) 4 69 37.73 1191
Caly (%) 9 50 24.14 9.38
(Organic Carbon (%) 0.36 3.2 1.41 0.70
Lime (%) 3.26 60.91 24.12 15.65
Saturation Humidity (%) 16 66 36.65 10.07
Slope (%) 8 65 3243 10.73
Azimuth 0.069 3.11 1.60 0.85A
Elevation (m) 806 2274 1564 298
Vegetation (%) 20 70 43.5 12.04
Rain (mm) 2423 5153 337.9 61.5
Temperature (°°) 6.56 13.47 11.66 1.24
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Table 2. Statistical characteristics of the resulting regression in different four steps

Std. Error Sum of squares R? R Model
0.09909 0.095 0.102 0.320° 1
0.09650 0.142 0.155 0.394° 2
0.09480 0.172 0.191 0.437°¢ 3
0.09344 0.195 0.220 0.469¢ 4
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Table 3. Results of ANOVA test for regression between K and environmental factors at different steps

Model Sources of Sum of df Mean of E Sig.
changes squares sguares
Regression 0.144 1 0.144
1 Remainder 1.267 129 0.10 14.673%* 0.000°
Total 1.411 130
Regression 0.219 2 0.109
2 Remainder 1.192 128 0.009 11758 0.000°¢
Total 1.411 130
Regression 0.269 3 0.090
3 Remainder 1.141 127 0.009 9.994+#* 0.000¢
Total 1.411 130
Regression 0.311 4 0.78
4 Remainder 1.100 126 0.009 8.898* 0.000¢
Total 1.411 130

a. Dependent Variable: K
b. Predictors: (Constant), cover

c. Predictors: (Constant), cover, precip
d. Predictors: (Constant), cover, precip, slope
e. Predictors: (Constant), cover, precip, slope, elev
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Table 4. Statistical test of fixed and variable coefficients of regressions of different steps

Model Coefficients B Std. Error Beta t Sig.
Fixed coefficient 0.460 0.032 - 14.175™ 0.000
Vegetation -0.003 0.001 -0.320 -3.831" 0.000
Fixed coefficient 0.578 0.052 - 11.056™ 0.000
2 Vegetation -0.002 0.001 -0.279 -3.375™ 0.001
Rain 0.000 +0.000 -0.234 -2.836™ 0.005
Fixed coefficient 0.529 0.55 - 9.543™ 0.000
Vegetation -0.002 0.001 -0.285 -3.509™ 0.001
3 Rain -0.0002 0.00001 -0.248 -3.052" 0.003
Slope 0.002 0.001 0.190 2.370™ 0.019
Fixed coefficient 0.584 0.6 - 9.700™ 0.000
Vegetation -0.002 0.001 -0.231 -2.765™ 0.007
4 Rain -0.000343 0.00004 -0.203 -2.454™ 0.015
Slope 0.002 0.001 0.194 2.462™ 0.015
Elevation -0.00006521 0.000 -0.187 -2.174™ 0.032
a. Dependent Variable: K
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K (thah ha' MJ* mm*) = 0.460-0.003 Cover

(F=14.673", SE= 0.9909, P<0.01, R%= 0.102)
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(F=8/898xx, SE= 0.9344, P<0.01, R?= 0.22)
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Table 5. Evaluation of the types of methods used in interpolation

Error
Methed RMSE Mean

IDW 0.0959371 0.0001083

GPI 0.0982268 0.0000763
LPI 0.0982839 -0.0025839
RBF 0.0972613 -0.0005932

Kernel Smoothing 0.0988944 -0.35759
Kriging Ordinary 0.0977144 0.108991
Kriging Simple 0.0974639 0.00080125
Kriging Universal 0.097714 0.00108991
Cokriging 0.0962188 0.00020381
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Figure 4. Map of soil erodibility factor (K)
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