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Figure 1. Location of study area.
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Table 1. Statistical characteristics of used data.

ISR kS S o e e Dl (Sl sl Bl S
K-S index Kurtosis ~ Skewness (9% St.D. Mean Max Min Property
Soisel gleesls

(Train Data)

S Il i b

0.08 0.45 0.49 13.4 5 371 485 286
CEC(cmol(+)kg™")
by o b ey
0.09 033 0.39 49 0.02 0.41 046 038 3 2B ks
FC(g/g)
S5 0% aad o
0.06 0.45 -0.02 95 0.02 021 025 017 2 k)
PWP(g/g)
0.06 0.49 0.29 18.1 6.5 35.9 48 19 o
Clay(%)
Sl
0.07 0.17 0.4 212 6.9 325 457 15
silt(%)
0.06 035 0.49 30.1 9.7 314 57 13 o
Sand(%)
" :
0.17 0.19 0.05 48 0.07 145 162 129 ST ] =
Pu(gem™)
0.28 -0.36 0.15 248 4.8 193 285 105 ol
CaSO4(%)
Sal
0.08 0.45 0.48 19.7 1.4 7.1 106 4.1
CaCOx(%)
Ljﬂe:l,e
0.06 -0.49 023 254 033 13 23 075
OM(%)
O30 glaesls
(Test Data)
TR
0.43 0.47 0.03 12.5 47 374 452 302 SRS Pl b
CEC(cmol(+)kg™")
e
0.36 0.37 -0.06 4.8 0.02 042 045 038 F3 B ks
FC(g/g)
S5 05 aad o
0.12 0.48 0.15 95 0.02 021 025 017 S5 k)
PWP(g/g)
0.06 0.01 0.42 202 74 366 455 18 o
Clay(%)
el
0.08 035 038 223 74 331 455 15 :
silt(%)
0.09 -0.26 0.49 399 12.1 303 562 14 o
Sand(%)
" :
0.67 043 0.03 49 0.07 143 158 131 AT o2 ] =
Pu(gem™)
038 0.49 0.48 216 4.1 189 281 119 &
CaSO4(%)
Sal
0.09 0.47 0.41 259 2 77 11 42
CaCOx(%)
Ljﬂe:l,e
0.06 0.49 0.40 377 0.49 13 2.1 0.78
OM(%)

Al /0 31 Sk Al baesls Je b w3 (81 B el = S ped S O g3l o
* Kolmogorov-Smirnov test index for normal distribution, that should be greater than 0.05.
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Table 2. Correlation coefficients of studied properties.

OM (CaCO; CaSO, Py Sand Silt Clay PWP FC CEC
-3 -1
cm (cmol(+)kg™)
%) (gem”) %) &g

1 S s s b
CEC(cmol(+)kg™")
| 0.10 Sl b oab,

FC(g/g)
1 0.49% 0.58%* 2 B b

PWP(g/g)

1 0.86%*  0.37%* 0.75%* o

Clay(%)

e

1 004 =013 007 0.08 :

Silt(%)

1 0745 Q0% 048FF  020%F  L0.57%F o

Sand(%)

© .
1 0310 023%  020%F 004  071% 0.35% A . =

Pr(gem™)

1 028 003 003 000 001  -0.19% 0.04 &

CaSO4(%)

Sal

1 009 007  017%  -0.17* 008  -0.06  -0.15% 0.18%

CaCOx(%)

T osle

1 2004 002 013  0.17% 003  029% 024%F  0.05 0.60%* S

OM(%)

53 o oM b GplS el o b San

) 55 5ls pme Ao s S Cla“)_s adllas -yl
Sl S U Sy 3l ol woaxm g5 L (Y
Shde Lol sy /8T JT ool gl 5 0/
Sl S U b e e S
sgme doys S a3 O I oS o S osls
o Sl o pslie Jlas STUY Jsds) s S
2 s s s Dpsen G5 D b
e S b S O S5 dae
G 2 b g s 5 55 (gl o sas
sl Cownas Syl 5 Js cke

el I3 pre dpy3 0 ) JL&J}‘&))M%}A{*}**
** * Correlation is significant at 0.01 and 0.05 probability level respectively.
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SR8 bl il gl e
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R et

el Cewsas

CEC = 0.48Clay + 6.350M + 10.17 )

R? =0.72

CEC = 0.001(Clay)**5 + 0.26(OM)*** +
27.03 R?=0.78 )
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Table 3. Results of sensitivity analysis of difficulty available properties with respect to readily available

properties.
Calags S
Sal c{ AL o b Jﬂ sle o -1, Readily available property
CaCO;  CaSOq Po OM Clay Sand il s S
Difficulty available property
e L s
0.13 0.04 021 041 058 0002 041 e
(CEC)
Iy o b oo
0.01 0.06 0.90 0.02 054 0.45 L R b s
(FC)
Sy S5 0% aais S
0.02 0.07 0.23 0.001  0.90 0.48 o o b

(PWP)
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Figure 2. X-ray diffractogram of clay fraction related to studied soils.
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Table 4. Predicting methods evaluation of soil difficulty available properties for test data.

- Lv Z.
MEF RMSE(%) R? S S S
Model Difficulty available property
0.81 2.4 0.82 S O
(Linear regression)
0.83 231 0.84 S O
(Non-linear regression) Sl b b,
<. FC
0.94 1.34 0.94 =~
(Neural network )
0.80 2.46 0.81 -~
(Neural network )
0.69 5.73 0.70 S O
(Linear regression)
0.74 5.27 0.74 S O
(Non-linear regression) ol o e dal Cosb
<. PWP
0.92 2.91 0.92 =~
(Neural network )
0.85 4.95 0.78 =~
(Neural network )
0.41 9.31 0.71 S O
(Linear regression)
0.70 6.65 0.80 S O
(Non-linear regression) S sl e b
x CEC
0.95 2.73 0.95 e
(Neural network )
0.80 5.33 0.81 as

(Neural network™)
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* Neural network with inputs including all of the soil readily available properties.
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** Neural network with inputs including soil readily available properties that have the most sensitivity coefficient

with difficulty available property.
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Abstract

Background and Objective: Direct measurement of some soil properties may be difficult, costly and
time consuming. So, these properties can be predicted using readily available data. Soil cation exchange
capacity (CEC) is an important indicator of soil fertility and pollutant sequestration capacity. Soil
hydraulic properties drive the water flow in the soil-plant-atmosphere system and hence control processes
such as aquifer recharge or nutrient fluxes between soil and vegetation. Knowledge of soil hydraulic is
important for modeling the physical processes related to soil water content. Despite great advances in
measurement methods, it is still difficult to determine soil hydraulic properties accurately, especially for
undisturbed soils and in the dry range. However, the measurement of the soil hydraulic properties and
CEC is time-consuming, labor and expensive. Therefore, the present study aimed to derive the
pedotransfer functions (PTFs) for the estimation of field capacity (FC), permanent wilting point (PWP)
and CEC in some soils of Guilan province.

Materials and Methods: Study area is located in south of Guilan Province, Gilevan region, northern Iran.
The climate is aridic. The annual precipitation is 245 mm and the average temperature is 18 °C. A total of
240 soil samples from 0-30 cm layer of this region were collected. Then, both difficult and readily available
soil properties such as clay, sand and silt percent, CaCOs, organic matter, bulk density and gypsum were
measured. The first step for using statistical methods is to study the normality of data. For this purpose,
Kolmogorov-Smirnov test was used. Data were divided into two groups of test (%25) and train (%75). This
division carried out in such a way that statistical characteristics of two groups such as minimum, maximum,
standard deviation, etc. were similar. Then regression and artifitial neural network (ANN) models set on
training data. For prevention of error in ANN process, data converted in standard scale from 0.1 to 0.9.
Multi-layer percepteron, feed forward backpropagation and Levenberg-Marquardt functions were used for
extension of ANN. Relative root mean square error (RMSE), determination coefficient (R?) and model
efficiency factor (MEF) criteria were used for evaluation of models.

Results: In regression analysis, for CEC, clay and organic matter percent, in FC moisture content, clay,
silt as well as bulk density and for PWP, clay percent showed significant effects in created models.
Coefficients of determination in created linear models for CEC, FC and PWP were 0.72, 0.84 and 0.73,
respectively. While these coefficients for non-linear models were 0.78, 0.87 and 0.74 for CEC, FC and PWP,
respectively. The best PTFs for prediction of difficult available properties in ANNs obtained by multi-layer
perceptron model with 2 hidden layers, 8 neurons for FC and PWP, 6 neurons for CEC and considering all
inputs. Coefficients of determination for CEC, FC and PWP were 0.98, 0.99 and 0.98, respectively. ANNs
designed for prediction of difficulty available properties with inputs include soil readily available properties
that have the most sensitivity coefficient with difficulty available properties. Test results of these models
were similarity non-linear regression models. The results of models compared with test data showed that the
models obtained from ANNs were more accurate than the regression model.

Conclusion: In regression method, non-linear models for prediction of soil difficulty available properties
were more accurate than linear models. In ANNs, models with inputs including all of the soil readily
available properties were more accurate than models with inputs include soil easily available properties
that have the most sensitivity coefficient with difficulty available property. Besides, according to results,
if the number of readily available data weren’t adequite, regression models could be used with acceptable
accuracy. While, these data were enough, then the ANN provides much more accurate results. These
means that ANN accuracy decreases by reducing input variables.

Keywords: Artificial neural network, Difficulty available properties, Guilan, Regression, Soil
pedotransfer functions
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