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Extended Abstract

Background and Objectives

Soil sustainability is key to coping with the pressures of a growing population. Therefore, identifying areas
with suitable soil characteristics for crop cultivation can increase productivity, reduce production costs, and
prevent environmental degradation. With this aim, a study was conducted to evaluate the soil suitability of
agricultural lands in Mazandaran province, Iran for soybean (Glycine max (L.) Merr.) cultivation.
Materials and Methods

In this study, a spatial analysis of the soil suitability of agricultural lands for soybean cultivation in
Mazandaran province was conducted using the Analytical Hierarchy Process (AHP) as a criterion-weighting
approach, spatial interpolation methods to estimate the spatial distribution patterns of soil variables, and the
Geographic Information System (GIS) as a data integration platform. For this purpose, four major soil
characteristics, including soil texture, organic matter (OM), electrical conductivity (EC), and soil pH, were
first selected as evaluation criteria based on the ecological requirements of soybean. Subsequently, spatial
distribution maps of each criterion were generated using radial basis function (RBF) interpolation methods,
including completely regularized spline, spline with tension, multiquadric, inverse multiquadric, and thin-
plate spline; inverse distance weighting (IDW) with powers of 1, 2, 3, and 4; and ordinary, simple, and
universal kriging with circular, spherical, exponential, Gaussian, and stable variogram models. Next, the
corresponding values were extracted from each raster layer and compared with the observed values at the
sampling locations using the coefficient of determination (r2), root mean square error (RMSE), mean absolute
error (MAE), and mean bias error (MBE) as validation criteria. Finally, the interpolation method with the
lowest estimation error and the highest prediction accuracy was selected as the most appropriate method for
preparing each spatial layer. The relative importance of the evaluation criteria was then determined through
pairwise comparisons based on expert judgment using the AHP pairwise comparison matrix. Subsequently,
the standardized layers of all criteria were integrated and overlaid in the GIS environment using the weighted
overlay technique. Finally, the resulting suitability maps were classified into four suitability classes, ranging
from highly suitable to unsuitable, and the area of each suitability class was calculated in hectares and as a
percentage of the total agricultural area.

Results
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The results of the AHP weighting analysis showed that EC and OM had the greatest influence on determining
the suitability of agricultural lands for soybean cultivation, with weights of 0.457 and 0.307, respectively.
Soil pH and soil texture ranked third and fourth, with weights of 0.148 and 0.088, respectively, while the
consistency ratio was 0.01, indicating an acceptable level of consistency in the pairwise comparisons matrix.
A comparison of the different interpolation methods revealed that the completely regularized spline model
based on the radial basis function (RBF) approach, as well as ordinary kriging with exponential and stable
variogram models, provided the lowest estimation errors (lowest RMSE and MAE values) and the highest
prediction accuracy for the spatial distribution of soil OM, EC, and pH, respectively. The resulting spatial
distribution maps indicated that all agricultural lands in Mazandaran province had EC values below 3.5 dS/m,
corresponding to the highly suitable class, suggesting that soil salinity does not currently pose a limitation to
optimal soybean growth in the study area. Regarding soil OM, only 1.13% of the agricultural lands (4,968.97
ha) contained between 1% and 2% OM and were therefore classified as relatively suitable, whereas the
remaining lands, containing more than 2% OM, were classified as suitable or highly suitable for soybean
cultivation. Soil pH ranged from 6.5 to 8.5 across the study area. Approximately 41% of the agricultural
lands (178,985.39 ha), with pH values between 6.5 and 7.5, were classified as highly suitable for soybean
cultivation, while the remaining 59% (259,541.12 ha) were classified as suitable for soybean cultivation. The
final soil suitability map classified the agricultural lands into two suitability classes only, namely suitable
(97,413.71 ha) and highly suitable (341,112.80 ha). The spatial distribution of the suitable class was mainly
concentrated in the eastern part of Mazandaran province, particularly in the counties of Galugah, Behshahr,
and Neka.

Conclusion

The classification of all agricultural lands in the study area into only two suitability classes, namely highly
suitable (representing approximately three-quarters of the total area) and suitable, indicates that soil
characteristics impose very limited constraints on soybean cultivation in Mazandaran province. Therefore,
the likelihood of crop failure due to soil-related factors is expected to be very low, suggesting that the existing
soil conditions are generally favorable for sustainable soybean production and expansion throughout the
study area.
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Table 1- Suitability classes of soil properties for soybean cultivation (Kazemi et al, 2014).

ceuliols celie B ulio eulio 5l S sla S5
(Unsuitable) (Moderately suitable) (Suitable) (Highly suitable) (Soil properties)
S sl
Other classes Silt, Sand, Silty clay Sandy 102_1m, Sandy clay Loam, Sandy !oam, Clay )
loam, Silty clay loam loam, and Silty loam (Soil texture)
(%) ST sols

<1 1-2 2-3 >3 .
(Organic matter)
>10 6-10 3.5-6 0-3.5 EC (dS/m)
<5 5-5.5 5.5-6.5,7.5-8.5 6.5-7.5 pH
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Table 2- Descriptive statistics of soil properties in the study area, Mazandaran province.

) Coefficient of ) Standard ) ) ) o ) )
(Skewness) o . (Median) ~ (Mean)  (Maximum) (Minimum)  (Soil properties)
(variation, % (deviation
(%) S sals
0.53 40.53 124 2.92 3.08 6.89 0.03

(Organic matter)
3.82 82.97 0.97 0.91 1.18 8.20 0.14 EC (dS/m)
-0.09 5.09 0.38 7.59 7.58 9.11 5.89 pH
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Table 3- Weighted values (coefficients) and the importance of soil properties affecting soybean
cultivation in Mazandaran province.

(Importance) cusaal (Coefficients) _ul s (Criteria) La luas
4) 0.088 (Soil texture) SIA =abs .y

e 0.457 (Soil EC) Sla < i<l culaa calsls ¥

3) 0.148 (Soil pH) S pH Y

2) 0.307 (Soil organic matter) SIa 7 sula ¢

0.01 (Inconsistency ratio, IR) s,& 5Ll o s
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Table 4- Evaluation results of interpolation methods for estimating soil properties in the study area in
Mazandaran province.

oS, dalas

. (J2e) G290 S gla S5
MAE RMSE MBE r? b a Regression ) ) )
( ) (Method, model)  (Soil properties)
equation
_ RBF", Completely () uﬂ sule
0806 1008 0125 0293 02703 23120  Y=0:2703x+ Regularized _
2.3120 Spline (Organic matter)
y =0.3312x + Ordinary Kriging,
0.320 0402 0039 0.276  0.3312 0.6663 0.6663 Exponential EC (dS/m)
y =0.4207x + Ordinary Kriging,
0.174  0.250 0.002 0.311 0.4207 4.3640 4.3640 Stable pH

“Radial Basis Function
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Figure 3- Map of soil properties for agricultural lands in the study area, Mazandaran province.
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Figure 4- Map of soybean cultivation suitability based on soil properties in agricultural lands within the
study area, Mazandaran province.
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