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Table 1. Statistical parameters of physical and chemical properties of samples

Organic

Statistical pH CEC Matter Clay Silt Sand  Organic Carbon
parameter -Log[H*]  Cmolc kg* %

Min 6 5.50 0 7.90 1.66 1.60 0

Max 9 32.80 3.46 80 7458  58.01 2

Mean 7.47 16.06 0.69 3492 3230 3235 0.4

SD 0.545 5.50 0.722 15.75 1531  21.15 0.36

CVv 0.02 1.88 0.55 7.11 7.25 13.77 0.32
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Table 2. Transitional functions used to estimate the cation exchange capacity of soil in studied lands

Model

Transfer Function

Breeuwsma et al (1986)
Bell and Van (1995)
Taghizadeh et al (2015)
Bayat et al.1 (2013)
Bayat et al.2 (2013)
Bayat et al.3 (2013)
Bayat et al.4 (2013)

CEC = ay + a,(Clay) + a,(0.0)
CEC = ay(Clay) + a,(0.C) + a,
CEC = ay(0.0)* + a,(Clay) + as
CEC = ay + a,(Clay) + a,(Sand)
CEC = ay(pH) + a,(Clay) + a,(Sand) + a5
CEC = ay(0.M) + a,(Clay) + a,(Sand) + a;
CEC = ay(0.M) + a,(pH) + a,(Clay) + a;(Sand) + a,

STosle :0.M i :Sand  JT o,8 :0.C « w, :Clay
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Table 3. Optimization regression coefficients of transfer of functions based on the data of the study area

Model Transfer Function Calibration Coefficients
Etrgf‘z‘l"ggg? CEC = ay + a,(Clay) + a,(0.C) = 0.19; a; = 1.4; a, = 8.9
EZH ?;'395) CEC = a,(Clay) + a,(0.C) + a, a, = 0.19; a, = 0.42; a, = 8.6
eTtagf‘é%‘i‘;g CEC = ay(0.C)™ + ay(Clay) + a; 4 =31 @, = 1.4 a, = 0.2; a; = 5.4
Sﬁﬁtz%tls) CEC = a, + a,(Clay) + a,(Sand) a, = 4.8 a, = 027; a, = 0.06
Sﬁﬁtzatw) CEC = ay(pH) + a,(Clay) + a,(Sand) + a, G =18 a, = O.i718c.1§ =005 a5
aBﬁ%/a(tzgtlg) CEC = ay(0.M) + a,(Clay) + a,(Sand) + a; G =15 a, = 027;_;2 = 0.06; a,
Bayat et CEC = ay(0.M) + a, (pH) + a,(Clay) a, = 1.25; a; = 1.1; a, = 0.27; a;4
al.4 (2013) + a;(Sand) + a, = 0.06;a, = 12.2

S Job Cad ) il 991 2 50 i sl Juro 3 Shas—F Jgur

Table 4. Performance of different models in estimating parameters of cationic capacity

Transfer function R? RMSE a

Breeuwsma et al (1986) 0.75 2.8 0.65
Bell and Van (1995) 0.75 2.5 0.42
Taghizadeh et al (2015) 0.74 2.7 0.64
Bayat et al.1 (2013) 0.60 2.3 0.63
Bayat et al.2 (2013) 0.66 3.1 0.71
Bayat et al.3 (2013) 0.58 3.2 0.72
Bayat et al.4 (2013) 0.84 2.8 0.90
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Figure 3. Capacity of computational and observational cation exchange using empirical transfer function
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Figure 4. Changes in computational cation exchange capacity and observations using empirical transfer
function
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Table 5. Architectures used to predict cation exchange capacity with artificial neural networks

Number of Architectures
Used

1

~N O O Wi

Input Vector Parameters

Output Vector
Parameter

Clay Percentage, Silt, Sand, Organic Matter,
pH
Clay Percentage, Organic Matter
Clay Percentage, Silt, Sand, Organic Carbon
Clay Percentage, Sand, Organic Carbon

Clay Percentage, Sand, pH
Clay Percentage, Sand
Clay Percentage, Sand, Organic Matter, pH

Cation Exchange
Capacity
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Table 6. Performance of different artificial neural networks in estimation of cationic exchange capacity

parameters
Network Education Transfer 2 Nur_nber of - Number Best Training
. R RMSE a Hidden of
Number Law Function Round
Layers Neurons
1 Levenberg- . uavon 071 260 084 1 4 1000
Marquette
2 Levenberg- . avon 086 214 087 1 4 1000
Marquette
3 Levenberg- . b avon 069 292 093 1 3 1000
Marquette
4 Levenberg- . avon 067 310 047 1 4 1000
Marquette
5 Levenberg- . avon 068 292 074 1 3 1000
Marquette
6 Levenberg- . uavon 074 283 090 1 3 1000
Marquette
7 Levenberg- . avon 075 313 084 1 4 1000
Marquette
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Figure 5. Capacity of computational and observational cation exchange using a network with the best

architecture used in the studied lands
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Figure 6. Changes in computational cation exchange capacity and observation using a network
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Abstract

Soil cation exchange capacity (CEC) is defined as the amount of positive charge that can be
exchanged per mass of soil. Modeling and estimating of CEC is a useful index of soil fertility.
Assessing and designing various management scenarios requires having accurate information
regarding the soil data bank. In order to estimate the soil CEC, 32 profiles were dug in Tabriz plain,
and 131 different samples were collected from different depths and physiochemical experiments such
as particle size distribution, organic carbon, pH and CEC of soil samples were performed. Then using
seven regression models that were selected based on previous studies, were calibrated and evaluated
for the study area. Also seven different architectures of artificial neural networks were designed to
predict the CEC of soil and the results of artificial neural networks and multivariate regression
models were evaluated using correlation coefficient (R?), root mean square error (RMSE). Results
revealed that artificial neural network with R? = 0.86 and RMSE= 2.14 is better than regression based
functions due to the existence of nonlinear relations between the easily available soil properties
(independent variables) and the CEC (dependent variable).
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