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1- Step-Point method
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Figure 1- Geographical location of the study area.
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6-Topographic Wetness Index (TWI)
7- Kaiser Criteria
8- Eigenvalue
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2-Relative Relief (RR)

3- landscape General Curvature
4-Planform Curvature
5-Profile Curvature
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Tablel- descriptive statistics and normal probability test of all dependent and independent
variables Results.

Skewness Kurtosis star_ldz_ard average Number_ of Varibles Row
deviation observations
0.899 0.368 0.745 0.985 105 SOC (%) 1
-0.48 -0.54 20.16 119.7160 105 Blue Band 2
-0.39 -0.47 26.87 122.348 105 Green Band 3
-0.13 -0.19 19.73 108.6321 105 Red Band 4
-0.73 3.71 32.11 93.4192 105 NIR 5
-0.025 0.187 5.84 19.96523 105 SWIR1 6
0.0017 0.321 2.21 6.295124 105 SWIR2 7
0.187 0.988 0.275 3.431 105 Albido 8
6.15 45.16 5.263 16.37 105 Clay Index 9
0.013 -0.004 0.76 1.11013 105 Carbonate index 10
0.321 1.145 0.816 0.103147 105 Grain Size Index 11
-3.71 20.65 0.092 0.001 105 NDVI 12
0.271 -0.059 0.011 0.133 105 Tasseled-Cap (TC) 4
(Brightness index)
3.48 18.62 11.648 -29.7 105 TC greenness 14
11.44 132.27 0.048 0.065 105 TC wetness 15
0.261 -0.07 204 1979 105 RelativeRelief 16
0.473 0.188 6.745 14.718 105 Slope 17
-0.44 -0.51 1.78 5.62 105 Direction 18
0.042 -0.023 0.001 0.0076 105 landscape General 19
Curvature
1.065 0.18 0.03 0.084 105 Planform Curvature 20
3.871 -0.37 -0.002 -0.0069 105 Profile Curvature 21
Topographic Wetness
0.879 1.234 2.94 5.49 105 Index (TWI) 22
L ole 6519 sbrojluil g (1o, -F Jgua
Table2- Variance and characteristic values of factors.
Component Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 2.013 38.751 38.751 2.013 28.751 28.751
2 1.661 23.726 62.477 1.661 23.726 52.477
3 1.252 17.888 80.365 1.252 17.888 70.365
4 0.949 6.559 86.924
5 0.699 4993 91.917
6 0.346 3.943 95.859
7 0.180 2.178 98.038
8 0.110 1.962 100.000
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Figure 2- Morphometric spectral variables Maps.
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Table3- Factors Scores Matrix.

Mean Std. Deviation Analysis N
Albido 3.43157345 0.275465371 135
NDVI 0.0322790 0.11889083 135
TassGreen -25.0303 11.34274 135
TassBright 0.13276 0.011233 135
TassWet 0.06497634 0.048085868 135
Slope(degree) 14.719 6.7455 135
Hypso 1979.163 204.0225 135
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Table4- The explanatory coefficient of the multiple linear regression relationship.

Adjusted R Std. Error of the
Square Estimate

1 0.825a 0.681 0.632 0.4697835

Model R R Square
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Table5- Variance analysis of multiple linear regression relationship.
Model Sum of Squares  df  Mean Square F

1 Regression 24.487 3 3.061 13.56%**
Residual 11.476 123 0.221
Total 35.963 96
**: Significant difference at the %99 confidence level 728 liabsl mhans j8 (5 o stne cglis T¥F
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Figure 3- Reflectance spectral variables Maps
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Figure 4- Continuation of Reflectance spectral variables Maps.
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Table 6- Multiple linear regression correlation coefficients and their significance test

Regression Model ~ Coefficient t (VIF)
Intercept 1.641 0.378 ™ -

PC1 -5.568 -3.81™ 1.781

PC2 1.78 6.17 ™ 1.519

PC3 0.33 1.27m 1.093

**: Significant difference at the 99% confidence level

Ns: No significant difference at the 95% confidence
level
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Figure 5- Axes and distribution of variables in a PCA analysis chart.
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Table7- The explanatory coefficient of the bivariate linear regression relationship.

Std. Error of the
Estimate

0.5100211

Model R R Square Adjusted R Square

1 0.816% 0.666 0.66

o o 93 (53llg Al (210,59 & jxi —A Jgua
Analysis of variance of bivariate regression relationship.

Model Sum of Squares df Mean Square F
1 Regression 21.656 10 4331 16.651*
Residual 14.307 96 0.260
Total 35.963 97

788 oylaeb! zbaw 5 (5,18 Sxo wglay ¥ ¥
** :Significant difference at the %99 confidence level
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Table 9- Bivariate regression relationship coefficients and their significance test.

Regression Model  coefficient t
intercept 1.796 *2.269
PC1 -16.173 ™-1.122
PC2 2.893 6.633

738 gl mlaws 45 (5,00 sre igles Sk
** : Significant difference at the %99 confidence level
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Tablel0- Variance analysis of average surface soil organic carbon in plant types.

F Mean Square Sum of Squares  df Intercept
12.98 ** 0.715 2216 31 between groups (plant type)
0.326 16.92 4 within groups (error)

404 134 Total
789 lisebsl mhaw jo (5 lo gine glay e
180 Hlisebl mdaw )5 (55l poe Solas o9 :Ns

**: Significant difference at the 99% confidence level
Ns: No significant difference at the 95% confidence level



WRAT S el 8150 AL SBAigS yo xbaw S T n S S0 21598

660000 664000 668000 672000 676000 680000
Soil Organic Carbon (SOC) Map
g- £
3 3
el Ll
g g
3 3
3 3
B
o o
3 E
P b
-« el
8 8
87 S
3 S
| Legend >
Value
High : 3.
- gh :3.967
| ) 5w 0.058 0 12525 5 |8
B F—km[&
L]
660000 664000 668000 672000 676000 680000
b S I o )5 gisdigy Al -8 ISl
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Figure 8- One by one line graph of measured and predicted values.
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Figure9- Grouping of average surface soil organic carbon in plant types by ANOM test.
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Extended Abstract

Introduction and Goal

Soil organic carbon affects all physical, chemical, and biological properties of the soil, causes soil
fertility and is one of the most important soils qualities. Soil organic carbon is important in
terrestrial ecosystems from various aspects such as reducing greenhouse gas effects, increasing
soil yield and fertility, reducing soil erodibility, increasing water and nutrient retention capacity,
etc. Therefore, today it is classified as one of the determinants of soil health and is referred to as
the heart of sustainable agriculture and a vital part of production systems. Organic carbon
management is an inevitable necessity, especially in soils with organic carbon less than one
percent (which includes most of the soils in Iran). The aim of this study was to evaluate the power
of spectral and non-spectral soil factors to predict the spatial distribution of topsoil organic carbon
in the semi-arid Chehelgazi rangelands of Sanandaj using factor analysis and multiple linear
regression.

Materials and Methods

The satellite data used in this study was obtained from the United States Geological Survey
(USGS) database. This data is Level 1 data from the Landsat 8 satellite dated 18/06/2019, with
path and row numbers 167 and 35, respectively. To prepare the elevation model map of the region,
1: 25,000 topographic maps of the study area, numbers 5360-1 NE, 5360-1NW, and 5361-2 SW,
respectively named Satile, Todarmala, and Haneh-Gallan, were used. By conducting field visits
and applying the physiognomic-floristic method, the boundaries of homogeneous units were
modified and refined, and the final map of the plant species was prepared.

Article Type: Research Article

*Corresponding Author’s E-mail: zahedi51@gmail.com

Citation: Zahedi, S., Khalifehzade, R. 2025. The Spatial Distribution of Topsoil Organic Carbon in
Vegetation Types of Chehelgazi Rangelands, Sanandaj City, Kurdistan Province. Watershed
Management Research. 38 (3): 100-119.

DOI: 10.22092/wmrj.2025.368385.1612

Received: 24 January 2025, Received in revised form:17 February 2025, Accepted:18 march 2025
Published online: 23 September 2025

Watershed Management Research, VOL.38, No.3 Ser. No: 148, Autumn 2025, pp.100-119.

Publisher: Fars Agricultural and Natural Resources and Education Center ©Author(s)

e

&


https://doi.org/10.22092/wmrj.2025.368385.1612
0000-0002-3570-7212
0000-0003-2228-8351

Watershed Management Research Vol. 38, No.3, Ser. No: 148, Autumn 2025

In order to estimate the parameters of the percentage of canopy cover, litter, stones and pebbles,
and bare soil in each plant type, the step-point method was used. Soil samples from different types
of rangeland in the Chehelgazi watershed were taken using a stratified random sampling method.
In this regard, a number of 135 training sites were selected in the homogeneous units. Of these
sites, 105 sites were used to calibrate the model and 30 sites were used to validate it. In each of
the training sites, a mixed soil sample includes of 9 observations was taken from a depth of 0 to
20 cm of the surface soil, randomly. In each sample, the SOC content was determined by Walkley-
Black titration method. In order to determine an appropriate model for predicting the topsoil SOC,
the 21 variables were used. These variables include 14 spectral variables and the seven
morphometric variables. Using Factor Analysis (EFA), technique based on exploratory method,
the considered variables were classified into three factors (soil color, vegetation, lithology and
physical characteristics of the soil). These three factors explained a total of 80.356% of the data
changes. Using multiple linear regression, a suitable regression equation (R2=0.66) was
calculated to predict topsoil organic carbon.

Results and Discussion

The map of homogeneous units was prepared by overlaying three information layers of elevation
classes, slope and slope directions and eliminating micro-units, rocky and inaccessible lands and
agricultural lands and consists of 32 homogeneous units. A vegetation map of the region including
five major vegetation types. In this study, reflectance spectral variables included 14 variables
extracted from satellite images. The non-spectral variables (criterion form) also include seven
variables of relative elevation, slope, transformed slope direction, general slope curvature, vertical
and horizontal slope curvature, and topographic moisture index, which were obtained from the
digital elevation model of the region. Then Measure of sampling adequancye (KMO) was
examined by performing a factor analysis test, and variables with a KMO less than 0.5 were
eliminated. This test was repeated until a suitable result was achieved, and finally 8 variables
(surface albedo, normalized differential vegetation index, vegetation indices, brightness and
moisture of the Tesselcap transformation, clay index, slope, and height above sea level) were
selected as suitable variables to enter the factor analysis model. The root mean square error and
relative mean absolute error of the proposed model were calculated as 0.191 and 0.117,
respectively. The comparison of the average topsoil organic carbon capacity in plant species in
the studied area using regression analysis was significant (p<0.01). Based on the results of this
study, by analyzing the one-way normalized mean plot, the studied plant species were classified
into two groups: those with more than the average total organic carbon of the habitat (species 1,
2, and 5) and those with less than the average total organic carbon of the habitat (species 3 and 4).
Conclusion and Suggestions

The results of the regression analysis of the average organic carbon storage in the topsoil of the 5
plant species in the study area showed that the average soil organic carbon in the plant species in
the study area differed significantly (p < 0.01). The average weighted of organic carbon in the
topsoil of the rangelands of the study area is 1.26%. According to the results of this study, the
area and elevation of the region, and the number of samples collected, it is suggested that in order
to provide conditions for changing the average weight of organic carbon in the topsoil of the
region's rangelands, the number of samples should be increased and sampling points should be
determined with a more appropriate distribution.
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