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Table 2 Correlation matrix of the used data

Clay %) Silt (%) Sand (%)  Gypsum (%) OM (%) CEC (cmol/kg)
Clay (%) 1 0.37" -0.82" 0.03 0.06 0.61"
Silt (%) 0.37" 1 -0.83" -0.03 0.18" 0.37"
Sand (%) -0.82" -0.83" 1 -0.002 -0.14" -0.59"
Gypsum (%) 0.03 -0.03 -0.002 1 -0.27" -0.17"
OM (%) 0.06 0.18" -0.14" -0.27" 1 0.59"
CEC(Cmolc/Kg) 0.62" 0.37" -0.59" -0.17" 0.59" 1

* at 0.05 level of significance
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Table 3 Different input patterns

Pattern  Inputs Output
P1 Clay
P2 Clay and OM r(.-).
P3 Clay and Sand o
P4 Clay & Sand and OM 3
P5 Clay & Sand & OM and Silt 2
P6 Clay & Sand & OM & Silt and &
GYP
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Table 4 Parameters and specifications of the ANFIS
for the prediction of CEC

Value

Parameter ANFIS ANFIS-
HHO
Fuzzy structure Sugeno- -
type

Initial FIS for training Genfis3 -
The type of membership Gaussian -
functions
The membership function  Linear -
of output
Optimization method Hybrid -
Number of fuzzy rules 10 -
The maximum number of 1500 -
epochs
Number of search agent - 30
Iteration number - 2000
p - 1.5
Range partitions (weights - [-3, +3]
and biases)
Number of fuzzy rules - 10
Population size - 30
L;L&:oé‘b ‘_g‘)) L‘:”b))‘ 6L&: L».sm C.)L».: (a) ‘_J5J> )é
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Table 5 Results of error evaluation criteria for ANFIS and ANFIS - HHO
RMSE MAPE CC WI P BIAS
= = = — = = = o1 = o1
Pattern  Model s & = & = & s 2 s 2
=. > = —_— - > - > —_— >
> «Q = > =] «Q > «Q > «Q
«Q (] «Q (] «Q «Q
p1 ANFIS 3.41 4.95 0.19 0.25 0.73 0.34 0.82 0.74 1.14 -2.06
ANFIS-HHO 3.53 3.20 0.22 0.19 0.71 0.64 0.79 0.63 -1.03 -1.38
P2 ANFIS 405 5.87 0.14 0.22 0.72 0.46 0.84 0.84 -0.28 -4.32
ANFIS-HHO 254 2.38 0.15 0.14 0.86 0.84 0.91 0.75 0.71 -3.22
P3 ANFIS 248 4.42 0.14 0.22 0.87 0.54 0.93 0.77 0.80 0.82
ANFIS-HHO 3.33 294 0.20 0.17 0.74 0.72 0.83 0.70 -0.37 -1.45
P4 ANFIS 222 5.32 0.12 0.21 0.90 0.45 0.94 0.1 2.03 -4.99
ANFIS-HHO 225 2.36 0.13 0.13 0.89 0.84 0.94 0.75 0.82 -2.38
PS5 ANFIS 1.98 4.69 0.12 0.16 0.91 0.60 0.95 0.82 -0.98 -1.40
ANFIS-HHO 2.18 2.02 0.14 0.12 0.90 0.89 0.94 0.76 142 -2.68
PG ANFIS 1.88 3.28 0.10 0.17 0.91 0.79 0.95 0.84 -0.04 -0.93
ANFIS-HHO 211 1.89 0.13 0.11 0.91 0.90 0.95 0.75 1.00 -2.66
3V §
(<al)
—— = Measured = ANFIS-HHO
25 "
@ 20 - | \
o \ .
g5 : TN WA
9 . Vi
o 10 1 1
|
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5 4
0 v . ’ . ; v - . .
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Fig. 2 Time series of values predicted and measured by CEC (test data): a) ANFIS-HHO, and b) ANFIS
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Abstract

Predicting the amount of soil exchange capacity is very valuable because it is a key indicator of soil
quality for nutrient storage. In this research, using a neural-fuzzy network (ANFIS), the soil exchange
capacity value was predicted with the input parameters of soil properties (such as clay, sludge, sand,
gypsum and organic matter). The study area was considered in the northwest of Iran, where about 380
samples were taken from different areas. Of these samples, about 75% of the data were considered for
training and 25% of the data were considered for testing. According to the number of different inputs,
about 6 models of the combination of input parameters were developed. To improve the prediction
results, the Harris hawk optimizer (HHO) algorithm was used for ANFIS training. The pattern results
of each model were analyzed using evaluation indices such as root mean square error (RMSE), mean
absolute percentage error (MAPE), correlation coefficient (CC), Williams index (WI), and Taylor
diagram. The results showed that the input pattern P6, which includes all input parameters, had the
highest accuracy in predicting CEC. In this pattern, the error values of CC, WI, MAPE and RMSE for
the test data were 0.90, 0.75, 0.11 and 1.89 cmol /kg, respectively. The results of Taylor diagram also
indicated the appropriate accuracy of the pattern so that the CEC can be predicted with appropriate
accuracy. In general, the prediction error was reduced by about 1.3 to 2 cmol/kg using the HHO
algorithm.
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