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1- Direct contact method
2- Laterite
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1- Response surface method
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3- Box-Behnken
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Table 2- The characteristics of saline water used for soil sample preparation with various salinity levels
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Table 3- Specification of sampling cylinders and electrodes
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Fig. 1. Soil sample cylinder and positioning of penetrated electrodes in soil
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Table 4- Educational algorithms investigated in design of the neural network
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Name (English) Name (Farsi) Abbreviation “'g’d
ode
Levenberg-Marquardt backpropagation SloS o= S pig) Trainlm T1
Bayesian regularization backpropagation O Trainbr T2
Scaled conjugate gradient backpropagation ol wlie ples \Lol)S Trainscg T3
Resilient backpropagation 2y Gllasil izl Trainrp T4
Gradient descent with momentum and adaptive learning rate Gy g pyiioge b (Joi bolS .
- - Traingdx T5
backpropagation i (6 pS0b
Gradient descent with momentum backpropagation poiege b (Jo35 bolS Traingdm T6
Gradient descent with adaptive learning rate backpropagation e (6550l sy by 4SS Traingda T7
Gradient descent backpropagation Fop obals Traingd T8
BFGS quasi-Newton backpropagation oS = o il Trainbfg T9
= Job 335 (gilslely b zg350 b3I,S .
Conjugate gradient backpropagation with Powell-Beale restarts o 2z 5 J: e Traincgb T10
Conjugate gradient backpropagation with Fletcher-Reeves updates o0 ds Slyiesd b zgaje bal,S Traincgf Ti1
SV Slwyiern b zedm oLal,S
Conjugate gradient backpropagation with Polak-Ribiére updates % Ssisrt hepse S Traincgp T12
S
One-step secant backpropagation sl o SO Ll Trainoss T13
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Table 5- ANOVA analysis of RBF neural network parameters using RCBD design

ojeel 56 ol 6
Train phase Test phase
& (Source) DF SS MS  P-Value SS MS  P-Value
Lf%’""“";*)’,i” 344 0.28 0.00 11.34 0.95 0.00
Learning algorithm
Sk
19 226 0.11 0.00 6.00 0.32 0.00
Block
b= 228 1.08 0.005 10.21 0.04
Error
Eoemxe 259 6.79 2755
Total

3l o b K-FOID 51 p1aS 1 nS'shs o (o8590] (slais oS 51 1Sy b los”
Treatments are the learning algorithms and block are the each K-folds.
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Fig. 3. The result of the comparison of the average coefficient of explanation of training algorithms in the learning stage

1 -The Randomized Complete Block Design (RCBD)
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Fig. 4. The result of the comparison of the average coefficient of explanation of training algorithms in the experimental
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Table 6- Analysis of variance of network performance criteria using T2 training algorithm and factorial design based on
randomized complete blocks

ovj9el 58 ool 58
Train phase Test phase
& (Source) DF SS  MS P-Value SS MS P-Value
ok 4 076 019 002 3.09 077 0.0
Block
L) g 3920 043 000 379 042 0.0
Hidden layer
S(525) 9 1949 216 0.00 2248 249  0.00
Spread
LoxS 81 1081 013  0.00 1003 012 001
s 396 2584 0.06 3466 0.08
Error
Eyeoxe 499 60.83 74.06
Total

5o KON 1 pliS ya S sl 5 b 590] (slapis oS 51 A8 1o aylos
Treatments are the learning algorithms and block are the each K-folds.
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Table 7- Results of comparison of R2 in training and experimentation based on the interaction effects of L2 x Spread

el 518 ool 8
Training phase Test phase
WSl WSl
L2 s o L2 s ok
Mean Mean
8 0.1 099 9 01 0.99%
10 0.1 0.99% 6 01 0.99°
11 0.1 0.99° 8 01 0.99%
9 01 099 12 01 0.99%
6 01 0.99° 10 0.1 0.99°
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Fig. 5. The interactions between the number of neurons in the hidden layer and the spread on R? in two stages of
training (a,c) and test phase (b,d)
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Table 8- The generalizability function of the RBF model in estimating the soil electrical conductivity

Train phase Test phase
TS(%) RMSE MAPE R’ RMSE MAPE R?
90 0.01£0.001 0.01£0.001 0.99£0.001 0.01+0.001  0.01+0.001  0.99+0.001
80 0.01£0.001  0.01£0.001  0.99£0.001 0.01#0.001  0.01#0.001  0.99+0.001
70 0.06£0.31  4.36+21.84 0.96+0.20 0.09+0.45  7.56+38.50  0.97+0.13
60 0.19+0.54  14.42+42.22 0.92+0.21  0.20£0.59 15.25+46.81 0.92+0.23
50 0.22+0.58 18.58+51.18 0.89+0.28  0.26+0.67 18.29+49.55 0.89+0.28

b ccdlls 3 pdize ple ld)S L S S usl colia
<y ly; (Corwin and Lesch, 2003; Lund et al., 1999)
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Table 9- Sensitivity analysis of the RBF

model in estimating soil electrical conductivity

Train phase Test phase
Model inputs RMSE MAPE R? RMSE MAPE R?
All 0.01+0.001  0.01x0.001 0.99+0.001 0.01+0.001 0.01+0.001 0.99+0.001
All-Temp 1.18+0.23  67.03+29.06 0.58+0.20 1.24+0.55 80.50+73.20 0.560.20
All-B.D. 1.0620.27  55.73+29.77 0.61+0.31 1.050.57 58.87+56.65 0.630.32
All-Moisture 1.60£0.19  112.44+21.55 0.36+024 1702045  129.02#89.21  0.35%0.21
All-ECa 1.82+0.09  130.52+21.88 0.31+0.20 1.77+053  140.93+93.04  0.30+0.19
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Table 10- Statistical

results of validation process

HKeY [ E]RS JUCIRES oebe O i o o N>
Number  Minimum Maximum Mean Std. Deviation Skewness
Measured ECe 4, 0.02 3.39 1.8343 08343 -416
(mS.cm™)
Predicted ECe 60 0.02 3.09 1.6379 88724 -373

(mS.cm™)
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Fig. 6. Match the real and predicted soil electrical conductivity by the RBF neural network
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Introduction

Presently, the loss of ground water levels and the increase in dissolved salts have given importance to the
determination of salinity and the management of their variations in irrigated farms. Soil electrical conductivity is
an indirect method to measure soil salts. The direct electrode contact method (Wenner method) is one of the
widely used methods to rapidly measure soil EC, in farms. However, soil scientists prefer soil actual electrical
conductivity (saturated extract electrical conductivity) (EC.) as an indicator of soil salinity, though its
measurement is only possible in the laboratory. The aim of this study was to find a relationship between the
prediction of soil actual electrical conductivity (EC.) in terms of temperature, moisture, bulk density and
apparent electrical conductivity of soil (EC,). Thereby, the estimation of EC, would allow the partial calculation
of EC, that is dependent upon soil salinity and dissolved salts.

Materials and Methods

This study used RBF neural network in Box-Behnken statistical design to explore the impacts of effective
parameters on direct contact method in the measurement of soil EC, and provided a model to estimate EC, from
EC,, temperature, moisture content and bulk density. In this study soil apparent electrical conductivity (EC,) was
measured by direct contact (Wenner) method. The present study considered four most effective factors: EC,
(saturated paste extract EC), moisture, bulk density, and temperature (Baradaran Motie et al., 2010) Given the
characteristics of farming soils in Khorasan Razaw Province (lran), the maximum and mlnlmum of each
independent variable were assumed as 0.5-6 mS.cm™ for EC,, 5-25% for moisture content, 1-1.8 g.cm™ for bulk
density, and 2-37°C for soil temperature. Consrderlng the experimental design, three moisture levels (5, 15 and

25%), three salinity levels (0.5, 3.25 and 6 mS.cm™), three temperature levels (2, 19 and 37°C) and three
compaction levels with bulk densities of 1, 1.4 and 1.8 g.cm™ were assumed in 27 trials with predetermined
arrangement on the basis of Box- Behnken technique. 13 common algorithms were explored in MATLAB
software package for the training of the artificial neural network in order to find the optimum algorithm (Table
4). The input layer of the network designed by integrating a Randomized Complete Block Design (RCBD) with
k-fold cross-validation. Using k-fold cross-validation, 20 different datasets were generated for training and
validation of RBF neural network.

Results and Discussion

A combination of an RCBD and k-fold cross-validation was used. The results of both training and validation
phases should be considered in the selection of training algorithm. In addition, R? of T1 tramrng algorithm had a
much lower standard deviation than other training algorithms. The lower standard deviation is, the more capable
the algorithm would be in learning from different datasets. Considering all aspects, trainbr (T2) training
algorithm was found to have the best performance among all 13 training algorithms of the neural network. Table
7 tabulates the results of means comparison for R? of RBF model for both training and validation phases resulted
from the application of some combinations of S and L2 factors as interaction. As can be observed, R? = 0.99 for
all of them with no significant difference. However, the magnitude of order differed between training and
validation phases. Given the importance of the training phase, L2=9 and S=0.1 were regarded as the optimum
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values.

The sensitivity analysis of the network revealed that soil ECa, moisture, bulk density, and temperature had
the highest to lowest impact on the estimation of soil EC,, respectively. This model can improve the precision of
soil EC, measurement systems in the estimation and preparation of soil salinity maps. Furthermore, this model
can save in time of data analysing and soil EC mapping because it does not need data recollection for the
calibration of systems. A validation prose was done with a 60 field collected data set. The results of validation
show R?=0.986 between predicted and measured ECa.

Conclusions

The present research focused on improving the precision of soil EC, measurement on the basis of easily
accessible parameters (EC,, temperature, moisture, and bulk density). In conventional methods of soil EC
mapping, the systems only measure soil EC, and then calibrate it to EC, by collecting some samples and using
statistical methods. In this study, Soil EC, was estimated with R? = 0.99 by a multivariate artificial neural
network model with the inputs, including EC,, temperature, moisture, and bulk density of soil without any need
to collect further soil samples and calibration process. The Bayesian training algorithm was introduced as the
best training algorithm for this neural network. Thereby, soil EC variation maps can be prepared with higher
precision to estimate the spatial spread of salinity in farms. Also, the results imply that soil EC,, moisture, bulk
density and temperature have the highest to lowest effectiveness on the estimation of soil EC,, respectively.

Keywords: Apparent electrical conductivity, Extract electrical conductivity, RBF neural network, Soil
salinity



