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reactivity, and solute absorption variables of different soil depths. The data used
in this research was collected from the experimental paddy field located in the
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May 5, 2024 Sari Agricultural Sciences and Natural Resources University, Mazandaran
province, with an area of 0.6 hectares in the statistical year of (2020-2021). In this
study, the residual moisture of the soil (8;), nitrification rate (kn), and urea
hydrolysis rate (kh) variables were modeled based on four, four, and two defined

Keywords: scenarios, respectively, using Wavelet-Artificial Neural Network (WANN),

Wavelet-Artificial Neural-Fuzzy Inference System (WANFIS), and Wavelet-
Gene Expression Programming (WGEP) models. The results showed that the
performance improvement percentage of WGEP models compared to WANFIS
and WANFIS model compared to WANN considering the statistical criteria of
RMSE were obtained (16.96, 41.87) cm®cm?, (85.72, 1.00) day, and (20.37,
3.27) day! for three variables of 0y, kn, and kh, respectively. The results of this
study could be a proof of the mutual relationship existence between soil hydraulic
and reactive and solute absorption characteristics. Therefore, providing intelligent
applicable models to estimate the nitrate and urea variables in soil could help
managers and farmers in the proper management of water and soil resources and
the optimal consumption of nitrogen fertilizer with less cost and time.
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1. Introduction

The review of previous studies shows that so far, intelligent combined-wavelet methods have not been
used to model hydraulic, reactive, and solute absorption variables in the soil. The purpose of this study
is to model and investigate the interrelation of hydraulic, reactivity, and solute absorption variables of
different soil depths. The data used in this research was collected from the experimental paddy field
located in the Sari Agricultural Sciences and Natural Resources University, Mazandaran province, with
an area of 0.6 hectares in the statistical year of (2020-2021). The use of intelligent combined-wavelet
methods to estimate the amount of residual moisture of the soil (8/), nitrification rate (kn), and urea
hydrolysis rate (kh) was the innovation of the present research.
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2. Materials and Methods

In this study, the 6, kn, and kh variables were modeled based on four, four, and two defined scenarios,
respectively, using Wavelet-Artificial Neural Network (WANN), Wavelet- Artificial Neural-Fuzzy
Inference System (WANFIS), and Wavelet-Gene Expression Programming (WGEP) models. The data
used in the research were analyzed using wavelet theory. In this study, the statistical criteria of
correlation coefficient (R), root mean square error (RMSE), mean square error (MSE), mean absolute
error (MAE), and geometric mean error ratio (GMER) were used to evaluate the performance of the
models. Also, the criterion for selecting the input variables was Pearson's correlation significance with
the 6y, kn, and kh variables at the level of 5%.

3. Results

The results showed that WGEP models performed better than WANFIS models and WANFIS models
performed better than WANN models for estimating three selected variables. Therefore, the
performance improvement percentage of WGEP models compared to WANFIS and WANFIS model
compared to WANN considering the statistical criteria of RMSE were obtained (16.96, 41.87) cm3/cm?,
(85.72, 1.00) day*, and (20.37, 3.27) day™ for 0y, kn, and kh variables, respectively. The RMSE values
were obtained 0.076 cm®cm?3, 0.100 day?, and 0.211 day* for the best models (WGEP) of three
mentioned variables, respectively.

4.  Discussion and Conclusion

The WGEP model has the highest R value and the lowest RMSE, MSE, and MAE values for estimating
the 6, kn, and kh variables. In addition, WGEP models could extract the mathematical equations
governing the problem and select the input variables affecting the modeled ones, automatically. The
measured average values of 0, kn, and kh variables were obtained 0.100 cm®/cm?, 1.843 day?, and
0.561 day?, respectively. The results of this study could be a proof of the mutual relationship existence
between soil hydraulic and reactive and solute absorption characteristics. Also, the results showed that
the hydraulic, reactivity and soil solutes absorption variables could be affected by the climatic
conditions of the region. Therefore, providing intelligent applicable models to estimate the nitrate and
urea variables in soil could help managers and farmers in the proper management of water and soil
resources and the optimal consumption of nitrogen fertilizer with less cost and time.
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