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2- Field capacity
3- Permanent wilting point
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1 - Artificial neural networks
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Figure 1- Location of the study area and the distribution of studied points
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1- Global positioning system
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4- Multilayer perceptron
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1- Mean absolute error
2- Root mean square error
3- General standard deviation
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Table 1- Summary of statistics for soil attributes in the study area (n=200)

SB Slogas sy Sl RS Sbe ’:Zn‘j;’:;‘ ob)ly UC‘;';;I ;:r‘:
Soil properties Unit Min Maximum Mean deviation Variance of variation
S osls (%) 0.04 1.36 0.47 0.23 0.05 48.55
Organic matter
o (%) 8.00 44.4 22.54 8.54 72.85 37.87
Clay
peelf b %) 12.00 30.25 20.70 3.39 11.47 16.36
Calcium carbonate
‘W‘Hf“' (log[H)  7.60 10.6 8.78 0.50 0.25 5.66
p
o> JB i (mgKg™) 2.18 87.71 20.03 14.00 196.12 69.90

Available phosphorus
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Table 2- Pairwise correlation coefficients among available phosphorus and soil attributes at the study site (n=200)

e
Organic Cla Calcium H Available
matter y carbonate P phosphorus
LJ‘ bJLA 1
Organic matter
o 0.271"
Clay
el Slf -0.175 0.102" 1
Calcium carbonate
S -0.302™ -0.021 0.066 1
pH
e ks 0.570" 0.373™ -0.137" -0.233" 1

Available phosphorus

“" Significant correlation in 0.05 and 0.01 level, respectively
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Table 3- Summary of the results on Z coefficient values in Kolmogorov-Smirnov test

S ok ) oandS” Ly 5 EWRWW)| o Bl hd
Organic matter Clay Calcium carbonate pH Available phosphorus
Sl 3590l 3]l Z e 1.868 1.034 0.892 0.946 1.896
Kolmogorov-Smirnov Z
p-value 0.002" 0.235 0.403 0.332 0.002

ol o ol (095 Jloy oiad i 0/05 5| yeS povalue lade ¥
“Values of p-value which are smaller than 0.05 demonstrate that these variables are not normal

(N=160) o4 0315 Arwgi (Fgmw )5y Jo ol o gl aod -4 Joua
Table 4- Summary of the results on the regression coefficients of developed model (n=160)

Jow Sy y (1) i 2,l0ibi! Fgmw )5y sl t  pvalue
Model Regression coefficients  Standardized regression coefficient (Beta)
Bl 020 1.33 ; 2176 0.000
Intercept
o ole 0.77 0.57 10.25  0.000
Organic matter
o 0.01 0.20 3.61 0.000
Clay

SB s S g 5l o3l b wde BB jiud (e Sl 000 0315 drwigd (Sgewj5 5 e -5 Joa
Table 5- MLR model developed for predicting available phosphorus using soil attributes

O sS ) Je
Regression model

RMSE MAE GSD r

P =1.34+0.77 OM+0.01 Clay  0.43

11.228 8.123 0.639 0.876
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OM: Organic matter, P: available phosphorus, r: differences ratio, GSD: general standard deviation, MAE: mean absolute error,
RMSE: root mean square error
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Table 6- Summary of the results on different stages of developing the neural network

A o

R?> RMSE MAE GSD r
Stage
"%}’f‘ 0.931 4.206 2551 0.230 0.951
Training
o el
Lo 0.889 4.837 3.940 0.267 0.882
Validation
w 0.912 4280 3581 0.212 0.908
Testing
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r: differences ratio, GSD: general standard deviation, MAE: mean absolute error, RMSE: root mean square error
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Figure 2- Relationship between measured and predicted phosphorus values by (a) regression and (b) neural network models
in the study area
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Table 7- Input-hidden and hidden-output neurons connection weights
Tokes 09 20k 095 B0k o9 Aok 0P Dok sy BokR osr

;)
,‘ﬁ;lj’t Hidden Hidden Hidden Hidden Hidden Hidden
neuron 1 neuron 2 neuron 3 neuron 4 neuron 5 neuron 6
(LJI bch) 1 $399
(OM) Input 1 1.96 -2.59 -1.09 0.41 3.69 1.02
(u»)) 2 839)9
(Clay) Input 2 -0.69 2.18 2.01 2.09 -1.01 -0.31
(oS 2 %) 3 (5399
(CacO3) Input 3 1.36 1.76 -1.06 -0.54 0.32 1.93
(“ﬁ%«»‘) 4 89959
(pH) Input 4 2.70 2.62 2.49 0.09 -2.61 0.98
(i I o) (295 1.10 0.36 0.04 0.79 0.23 0.34
(P) Output

OM: Organic matter, CaCo3: calcium carbonate, P: available phosphorus
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Table 8- The product of the input-hidden connection weight and the hidden-output connection weight for each input neuron

599 1ok 09 20k 95 3ok g9 Aoki 09 OSokd o9r Bokd 9r
Input Hidden Hidden Hidden Hidden Hidden Hidden
P neuron 1 neuron 2 neuron 3 neuron 4 neuron 5 neuron 6
(T osle) L (o395 x
(OM) Input 1 2.16 -0.92 -0.04 0.32 0.84 0.34
(u»)) 2 829)9
(Clay) Input 2 -0.76 0.77 0.07 1.66 -0.23 -0.10
(osmels” ki 8) 3 (539,
; : 1.51 . -0.04 0.4 -0.07 .
(CaCOy) Input 3 5 0.63 0.0 0.43 0.0 0.65
ol) 4
(w0) 4 52959 2.98 0.93 0.09 0.07 -0.59 0.33
(pH) Input 4
Sy 3 (e 0o o Lotz gy Bl 03g) V10 5 (1 olats cig 22 1 3955 09 byl 39) 1196 st 216 (0,51 s 4y (sl ctisas Jsie
Ngud o 2y

OM: Organic matter, CaCo3: calcium carbonate, P: available phosphorus. ™ For example, to find 2.16, 1.96 (connection weight of the
first input neuron in the first hidden neuron) times the 1.10 (connection weight of the first hidden neuron in the first output neuron)
ORM 0955 22 &l (298 JUSuw W95 )3 (63919 (1955 22 (ol e =9 g
Table 9- Relative contribution of each input neuron to the production of the outgoing signal of each hidden neuron

395 . . . . . . . . . .
599 1‘@) 20k 099 3okey 09y Aokis 9@ Dokdr 09y Boker 09y (2959 st per
Inout O Hidden Hidden Hidden Hidden Hidden Sum of
P Hidden neuron 2 neuron 3 neuron 4 neuron 5 neuron 6 inputs
neuron 1
(L;" b)Lc) 1 635)5 Sk *
OM) Input 1 0.29 0.28 0.16 0.13 0.48 0.24 1.58
2
() 2 2359 0.10 0.24 0.30 0.67 0.13 0.07 1.51
(Clay) Input 2
aliyys) 3 6395
(s 0.20 0.19 0.16 0.17 0.04 0.46 1.22
(CaCOs) Input 3
s 4
(s0) 4 5395 0.40 0.29 0.37 0.03 0.34 0.23 1.66
(pH) Input 4
T 8 gz el o0l 31 oolizl b 0729 13,90 s 4y (clyy ctigos e 4 el 0/24 5 0/48 (0713 0/16 0/28 0/29 slus) g Sl 1/58”
12.16]
=0.29

(|2.16|+|—0.76|+|1.51|+|2.98|)*
OM: Organic matter, CaCo3: calcium carbonate, P: available phosphorus. = 1.58 is the summation of 0.29, 0.28, 0.16, 0.13, 0.48 and

0.24.™ For example, to calculate 0.29 using data of table 8: 12.16] =0.29
(|2.16]+|-0.76]+]1.51|+]|2.98])
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Table 10- Relative importance of each input variable

S99
Input

s S

Relative importance

(I oale) 1 (5395
(OM) Input 1

() 2 53929
(Clay) Input 2

(rnlS” Slisy8) 3 (6399

(CaCO3) Input 3
(a00) 4 (6299
(pH) Input 4

0.26"

0.25

0.20

0.28

T 9 Jsan (sl ool 31 oolizal b /26 3,0 sty (elys cises Jsis 4

OM: Organic matter, CaCo3: calcium carbonate. * For example, to calculate 0.26 using data of table 9:
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Introduction: Phosphorus is important as an essential element in the production of agricultural products. On
the other hand, its ability to induce essential micronutrient deficiency and its negative effects on the environment,
have attracted more attention to this element. The knowledge of phosphorus availability conditions in the soil and
consequently the accurate management of fertilizer consumption has a key role in the environmental protection.
The degree of phosphorus absorption in the soil depends on the environmental factors, soil characteristics and
compositions, and phosphorus fertilizer which have been used. The amount of available phosphorus in the soil has
relationship with some of the physical and chemical properties of the soil. Since, the soil characteristics are
important factors in the reaction of phosphorus in the soil, the present study aimed to investigate and determine the
most important soil characteristics affecting the availability of phosphorus using regression and artificial neural
network techniques, in the soils of Sistan plain.

Materials and Methods: Soil sampling was done in 1.5x1.5 km intervals, from 0-30 cm depth, and 200 soil
samples were taken. The amounts of available phosphorus and the soil properties including the percentages of clay
, organic matter, calcium carbonate and the amount of pH were measured. Then, stepwise multivariate linear
regression analysis was performed to determine linear relation between available phosphorus and the soil
properties. In order to model and validate the regression model, respectively 80 and 20% of data were selected and
entered into SPSS software. To train the neural network, multilayer perceptron (MLP) network was used by
MATLAB 7.6 package. In this type of network, 70% of data is selected for training, 15% for validation and 15%
for testing the model. Levenberg-Marquardt algorithm and hyperbolic tangent (as a transfer function) were used to
train the network. The numbers of neurons in the hidden layer were calculated based on the trial and error method
and finally the best structure was selected according to the highest R? and the lowest RMSE value. Moreover,
quantifying the importance of variables in the neural network was done through employing connection weight
approach. In this method, the connection weights of input-hidden and hidden-output neurons were used to indicate
the significance of variables.

Results and Discussion: The values of the coefficient of variation for the soil properties were in the range of
5.66 for pH (the lowest) and 69.90 for available phosphorus (the highest). The high variation of the available
phosphorus could be due to the different amounts of phosphorus fertilizers consumption and their diverse rate of
conversion to less soluble forms. The validation results of regression and neural network methods showed that the
latter technique was more accurate compared with the multivariate linear regression method, in the estimation of
available phosphorus, as multi-layer perceptron neural network with 4-6-1 layout predicts nearly 90% of available
phosphorus variability using soil properties (percentage of clay, organic matter, calcium carbonate and the amount
of pH); however, the obtained regression equation could explain only 43% of phosphorus variances. The reasons
for this could be: 1) considering nonlinear relations between the variables in the artificial neural network method,
and 2) less sensitivity of this method to the existence of error in input data, comparing with the regression method.
The values of R’ and RMSE were 0.43 and 11.23, respectively for training the multivariate linear regression
method and 0.91 and 4.28, respectively for training the artificial neural network method. From the investigated soil
properties in the current study, the percentage of organic matter and clay were entered in the regression model, and
the values of standardized regression coefficient (beta) showed that the first variable is more important to explain
the available phosphorus variability. The results of quantifying the importance of variables by the connection
weight method showed that pH had the greatest contribution in the variability of phosphorus in the study area. In
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the other words, the high values of pH were the most important limiting factor for the availability of phosphorus in
Sistan soils.

Conclusion: Considering nonlinear and complicated relations between variables, the artificial neural network
model is an effective tool to assess the effect of soil properties on the availability of phosphorus in the study area.
The results of quantifying the importance of variables by using the connection weight method showed that pH had
the greatest contribution in the variability of phosphorus in the study area. In fact, the existence of lime in the soils
of the study area, arid climate and lack of precipitation have resulted in the accumulation of basic cations in the soil
and consequently increased pH values. Furthermore, the observed average values of pH that are more than 8.5
demonstrated the risk of soil sodicity in the study area. Thus, the management of this area by cultivating tolerant
plants could be resulted in increasing organic matter content, which along with using chemical amendments such as
sulfur will decrease pH values and increase the availability of phosphorus in Sistan plain. Applying such practices
and through it modifying soil characteristics, decreasing the consumption of phosphate fertilizers and preventing
their hazardous environmental effects would be expected in long run.
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