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Abstract

Introduction: Previous studies indicate that many soils worldwide either lack zinc or contain it in
a form that is unavailable to plants. In Iran, over 56% of agricultural soils have DTPA-extractable
zinc levels below 0.75 mg/kg, while only 31% exceed 1 mg/kg. Therefore, understanding the
factors influencing zinc concentration is crucial, as is prioritizing their significance in the
distribution of this essential element in soil. Employing an effective model to comprehend the
logical connections within the results is essential. Artificial neural networks, known for their ability
to model complex and non-linear relationships between soil variables, have been widely used in
numerous studies over the past few decades. Khuzestan province, located in southwest Iran, has
high potential for producing a variety of agricultural and horticultural products due to its water
resources and fertile soils. With an output of 17.5 million tons of agricultural and horticultural
products, Khuzestan plays a vital role in ensuring the country's food security. Given the diverse
topography and land uses, this study aims to estimate the available zinc content in the surface soils
of a selected area in northern Khuzestan province using artificial neural networks, and to identify
the key factors controlling its distribution across the study area.

Materials and Methods: Most of the study area falls within the catchment area of the Karun
River, which serves as the backbone of the hydrographic network in Khuzestan province. The
eastern sectors are situated in the catchment area of the Zohre-Jarhari Rivers. This region has a hot
and dry climate, with average rainfall ranging from 240 mm in the center to 590 mm in the eastern
parts. Various geological formations, including Asmari, Gachsaran, and Mishan, are present in this
area. The soil moisture regimes include aridic, ustic, and xeric (in the eastern parts), while the
temperature regimes are classified as thermic and hyperthermic. The soils in the study area are
primarily classified as Aridisol, Inceptisol, and Entisol. A total number of 203 surface (0-10 cm)
composite samples were randomly collected from an area of 27,452 square kilometers in northern
Khuzestan province during sunny winter conditions. The soil samples were air-dried and passed
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through a 2 mm sieve. The pH and electrical conductivity of the soil were measured in pastes and
saturated extracts, respectively. Soil texture was determined using the pipette method, organic
matter was assessed by the wet oxidation method with potassium dichromate, and calcium
carbonate equivalent was measured through back titration.To measure the available zinc content in
the soils, 10 grams of each sample were weighed, and 20 ml of a 0.005 M DTPA solution was
added. The suspension was shaken for 2 hours at 120 rpm. Subsequently, the solid and solution
phases were separated using Whatman 42 filter paper. The zinc content of the extracts was then
measured using a GBS Variant AA atomic absorption device. Zinc concentrations of less than 3
mg/kg, between 3 and 6 mg/kg, and greater than 6 mg/kg were categorized as low, medium, and
high classes of available zinc content, respectively. A Multilayer Perceptron (MLP) neural network
was employed to model available zinc content alongside other soil variables in the SPSS v26
environment, with the optimal structure of the neural network determined through a trial-and-error
approach. The normality of the data was assessed using the Kolmogorov-Smirnov test within SPSS
V26 software.

Results and Discussion: The results indicated that the average content of available soil zinc in the
study area is 2.76 mg/kg. The average calcium carbonate equivalent of the soils is 42.25%,
indicating that the soils can be classified as calcareous. Furthermore, with an average pH of 7.65,
the soils in the region exhibit alkaline reactions. The average soil organic carbon content is 12.6
o/kg, and the findings suggest that the studied soils primarily belong to the loam family. Among the
examined soil properties, soil salinity has the highest coefficient of variation at 131.9%, while soil
pH has the lowest at 4.2%. The results of the Kolmogorov-Smirnov test revealed that only the silt
content exhibited a normal distribution pattern; the other variables did not pass the test of
normality. When evaluating various configurations of multilayer perceptron artificial neural
networks, the MLPSO7 model emerged as the most effective. This model features a stable
arrangement of 3 output classes, 5 hidden layer neurons, and 7 input layers, utilizing the sigmoid
function for both input and output activation. The results indicate that organic carbon, calcium
carbonate equivalent, and electrical conductivity were the most influential factors in model
development. Analysis of the estimation matrix for available zinc classes reveals that the MLPSO7
model accurately estimated low concentrations of available Zn more effectively than the other two
classes. Additionally, the soil variables used to model available zinc contents in the study area
achieved high accuracy, with 97.4% for the training dataset, 97.1% for the test dataset, and an
overall accuracy of 90.8%. In contrast, the class with high concentrations of Zn (>6 mg/kg) yielded
weaker estimates, likely due to the limited number of samples in this category.

Conclusion The estimates derived from the optimal neural network model show good flexibility
and efficiency in explaining the available Zn content in the study area. For future large-scale
studies, it is essential to pay greater attention to the significant roles of organic matter, the
abundance of calcareous compounds, and soil salt content in determining available Zn levels.
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Table (1) Evaluation criteria of AUC values (12)

(Class) s

Area Under the Curve (AUC)

(Excellent) Ji
Good) < =

(Moderately Good) o - s

(Poor) Caxs
(Useless) s

0.9-1.0
0.8-0.9
0.7-0.8
0.6-0.7
0.5-0.6

Sl 80900 30 (T (G prin B (5 p5 051! polie Sl ol (V) 9w
Table (2) Statistical description of the measured values of soil variables in the study area

EC, oC Sand Silt Clay CCE Available Zn ST sla e ls
pH .
(Statistics)
dS/m %) mg/kg
0.08 7.18 0.09 1.00 2.00 1.00 19.50 0.19 (Minimum) sl
35.20 8.93 3.67 88.00 80.00 7400  49.88 14.23 (Maximum) S la-
4.55 766 1.26 26.72 42.37 30.87 4225 2.76 (Mean) 5L
250 762 114  24.00 4300 32.00 42.88 2.83 (Median) L«
Sle O3l il
6.00 032 071 16.16 15.07 12.03 5.52 1.85 .
(Standard Deviation)
(1) S s o oo
131.86 4.18 56.34  60.47 35.56 3896  13.06 67.02 Coefficient of Variation (%)
36.01 010 051 26115 227.04 14479 3052 3.43 (Variance) b ,ls
2.44 063 112 1.44 -0.12 0.14 -0.76 1.63 (Skewness) S >
6.72 1.16  1.49 2.57 0.28 0.77 1.14 6.94 (Kurtosis) _$ s
35.12 195 3.8 87.00 80.00 73.00 30.38 14.04 (Range) «uls

EC: Electrical conductivity; OC: Organic carbon; CCE: Calcium carbonates equivalent
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Table (3) Results of the Kolmogrov-Smirnov test for normal distribution of experimental data

(Significance value) (s ls sixe s

(Normalized Data) ois Jb 5 slaosls (Raw Data) pl= glassls =
0.20 0.000 ECe
0.08 0.001 pH
0.11 0.000 ocC
0.11 0.000 Sand
0.05 0.051 Silt
0.13 0.020 Clay
0.17 0.002 CCE
0.20 0.001 Avaible Zinc
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Figure (3) Normal distribution of Zn availability in soils of the study area. The top and bottom rows

display the data before and after normalization, respectively. The diagrams in right and left sides of the
figure represent the histogram and normal probability plots, respectively.
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Table (4) The optimal arrangement of the MLP neural network model for predicting available zinc content in soils
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(%) secorlwsyz:dden first hidden layer hidden layers data (%) (%)
81.0 Sigmoid Tangant-Hyperbolic - 5 1 31.0 69.0 MLPSO1
88.5 Sigmoid Tangant-Hyperbolic 4 5 2 38.4 61.6 MLPSO2
84.7 Softmax Tangant-Hyperbolic - 5 1 29.1 70.9 MLPSO3
89.6 Softmax Tangant-Hyperbolic 4 5 2 33.0 67.0 MLPSO4
83.9 Tangant-Hyperbolic ~ Tangant-Hyperbolic - 5 1 30.5 69.5 MLPSO5
77.3 Tangant-Hyperbolic ~ Tangant-Hyperbolic 4 5 2 36.9 63.1 MLPSO6
90.8 Sigmoid Sigmoid - 5 1 32.0 68.0 MLPSO7
85.2 Sigmoid Sigmoid 4 5 2 30.0 70.0 MLPSO8
76.2 Softmax Sigmoid - 5 1 31.0 69.0 MLPSO9
78.2 Softmax Sigmoid 4 5 2 27.1 97.2 MLPSO10
83.9 Tangant-Hyperbolic Sigmoid - 5 1 30.5 69.5 MLPSO11
82.8 Tangant-Hyperbolic Sigmoid 4 5 2 28.6 71.4 MLPSO12
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Figure (4) Important soil variables used for modeling available contents of Zn utilizing artificial neural
network algorithm
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Table (5) The confusion matrix for estimating available zinc classes using soil variables based on the
optimal architecture of the applied neural network
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0 4 0 0 (High) st ;
97.4 2 76 0 Low) .5 )
76.4 42 13 0 (Moderate) L. s oo
’ l (Calibration)
Js J‘ Loy
85.5 34.8 65.2 0
(Percent of Total)
0 2 0 0 (High) s
97.1 1 33 0 Low) 5 _
(Moderate) L. & 2]
8.7 26 3 0 il (Validation)
J{ Sl dsys
90.8 44.6 55.4 0

(Percent of Total)
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Figure (5) Receiver Operating Characteristic curve for modeling DTPA extractable Zn in the study area
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