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The aim of this study was to investigate the spatial variation of some soil
properties such as soil texture, organic carbon content, soil pH and electrical
conductivity (EC) using geostatistical methods in Margon town, Kohgiluyeh
and Boyer-Ahmad province, Iran. For this purpose, 58 surface soil samples
(0-30 cm depth) were prepared from the studied area and some physical and
chemical characteristics of the soils were measured. The studied properties
were estimated by various interpolation methods including ordinary kriging,
simple kriging, disjunctive kriging, co-kriging, and inverse distance
weighting (IDW) using GIS software. The capability of these methods was
evaluated by the mean absolute error (MAE), and the root mean square error
(RMSE). Based on the absolute mean error and the squared mean squared
error, the spherical model for pH, salinity, sand percentage and soil silt
percentage and the exponential model for clay and organic carbon percentage
had the highest accuracy. Moreover, the results indicated that conventional
co-kriging method for organic carbon percentage content and soil pH, simple
co-kriging method for clay and silt percentage, simple kriging method for
soil EC, and conventional kriging method for sand percentage were the most
suitable methods as compared to the other studied methods.
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Investigation of Spatial Variation of Some Soil Properties

EXTENDED ABSTRACT
Introduction
Accurate  knowledge and study of soil

characteristics is of particular importance for
sustainable exploitation of soil resources and
sustainable agricultural management. Studying
the spatial distribution of soil physicochemical
characteristics is considered as the basic input of
any sustainable agricultural system. Geostatistics
and geographic information system methods are
very important because of considering the spatial
correlation of data in surveys related to the
distribution of land data. The science of
geostatistics, which is based on the spatial
variable theory, is able to provide a wide set of
statistical estimators in order to estimate the
desired feature in a place that has not been
sampled, using the information obtained from the
sampling points. Due to the limitations of
choosing the right number of samples to study and
check soil characteristics in the traditional
method, using the geostatistical method can be a
good way to achieve the required accuracy and
choose the right number of soil samples.
Therefore,  geostatistics and  geographic
information system can be used as useful tools in
preparing maps of physical and chemical
characteristics of soil based on a limited number
of samples in agricultural lands. These methods
can provide an accurate estimate of soil properties
using available data for interpolation and
preparation of soil properties maps. In these
methods, the presence or absence of spatial
structure between the data is important, and if
there is a spatial structure, data analysis is

performed. According to the above, the present
research was conducted in order to investigate the
spatial distribution of some physical and chemical
characteristics of the soil using geostatistical
methods in the soils around the cement factory of
Margon city.

Material and Methods

In this research, regular grid method was used
for soil sampling. A number of 58 surface soil
samples (0 to 30 cm) were taken from the
zero, 50 and 100 m distance of Margon
cement factory. The samples were taken to the
laboratory and after drying in the laboratory
air, they were crushed and passed through a 2
mm sieve. The physicochemical
characteristics of the studied soil samples
include pH in saturated mud, electrical
conductivity in saturated mud extract, texture
by hydrometer method, percentage of calcium
carbonate equivalent to calcium carbonate
neutralization with hydrochloric acid. and
excess acid titration with soda and organic
carbon percentage were measured by oxidiser
method.

Results

To evaluate the interpolation methods, the mean
absolute error (MAE) and root mean square error
(RMSE) parameters were used. After the analysis
of the variable, data interpolation was done with
the help of Arc GIS software by the geostatistical
methods of kriging and cokriging and the specific
method of inverse distance weighting (Tables 1
and 2).

Table 1 Results of estimating soil properties using Kriging geostatistical methods

Soil Parameters Validation Criteria Disjunctive Simple Ordinary
MAE 0.001 0.002 -0.003
0,
OC (%) RMSE 0.318 0.312 0.301
H MAE 0.011 0.011 0.002
P RMSE 0.224 0.224 0.220
MAE -0.026 -0.036 0.031
-1
EC (dSm™) RMSE 0.883 0.873 0.984
MAE 0.077 0.081 0.081
0,
Clay (%) RMSE 3.41 3.41 3.54
. MAE -0.204 -0.226 -0.057
0,
Silt (%) RMSE 7.56 7.56 7.65
MAE 0.123 0.123 0.041
0,
Sand (%) RMSE 6.59 6.59 6.58
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To evaluate the mentioned methods, the features
of AME and RMSE were considered. The results
showed that by considering the absolute mean of
the error and the square of the mean square of the
error, the conventional cokriging method in the
field of interpolation of the values of soil
dispersion (AME = 0.002) and 0.211 (RMSE =
and organic carbon AME = -0.008) and 0.140
(RMSE = ratio It has shown better performance
than simple and discrete kriging and cokriging

(Tables 3 and 4). The simple kriging method for
soil salinity zoning (AME = 0.036) and 0.873
(RMSE = compared to the inverse distance
weighting method AME = 0.011) and O.
(RMSE=986) and Cokriging gave a better
estimator. In addition, the simple Cokriging
method was more suitable for zoning the
percentage of clay and silt than the other two
methods.

Table 2 Results of Kriging and IDW methods for estimating soil parameters in the studied area

Soil Parameters \C/a_lidzfltion IDW N . L . Auxiliary
riteria Disjunctive Simple Ordinary variable
T
cowsmy  NE ML pmome o om gy
Clay (%) AMISE 566 Y S0 o OC (%)
s AME e o am 0w o,
OCU)  pwse o6 ot oma  owo WO
Conclusions 4. Taking into account the statistical indicators of

1. The spatial distribution of some physical and
chemical characteristics of the soil was
investigated using geostatistical methods in the
soils around the cement factory in Margon city.

2. Investigating the spatial distribution using
geostatistical methods showed that soil salinity
has the highest and soil pH has the lowest
coefficient of variation in the region.

3. Regarding the variables of organic carbon and
clay percentage, the semi-exponential variable
model and for the other studied variables, the
spherical model had the best fit compared to other
methods and were chosen as the models used in
the study of the mentioned characteristics.

Environment and Water Engineering

the normal cokriging method for organic carbon
and pH, the simple cokriging method for clay and
silt, the simple kriging method for soil salinity and
the normal kriging method for sand are more
suitable compared to other used methods. and
provided more accurate estimates.
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Fig. 1 The studied area map with geographical locations of sampling points
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Table 1 Summary statistics of soil properties in the studied area

Soil Minimum Maximum  Average S_td._ Coefficient Skewness  Kurtosis
Parameters Deviation 9f .
Variation
pH 6.85 8.11 7.39 0.29 3.92 0.35 -0.34
EC (dS/m) 0.09 7.21 0.66 0.88 133.33 0.92 14.16
oC 0.15 1.05 0.40 0.14 35.00 1.61 4.82
Sand (7) 27.78 65.71 47.20 8.17 17.30 -0.16 -0.07
Silt (/) 24.14 63.35 41.18 8.61 20.90 0.35 -0.08
Clay (/) 5.14 23.36 11.61 3.47 29.88 0.54 0.95

Sl s 3529 pas oaips lid oS V005l S Ol
(Amini et al. 2006) col oo opl ,o ob; L&
g s oy e ,0) S bl jo Dl poss oy @S ke
(6 obe Slge aile 515 Jolge 5l 3L PH 5 T eny8 (o
Jelse losan 30 ) b BT o S (550 50 Dl ks
Jolge nlo g (2Ll ) g (0095 wiile (e g SIS

(Foroughifar et al. 2011) sl
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G50l Ll 5o S (5,58 Ol i o -(al. 2015
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Table 2 Results of spatial correlation analysis of variables and models fitted to the studied data

Variable Model Nugget Range Sill CICy+C Model evaluation
(Co) (Ao) (Cot+C) feature

RMSE MAE
pH Spherical 0.045 1786 0.196 0.77 0.224 0.011
EC (dS/m) Spherical 0.206 83 0.865 0.76 3.12 -0.017
oC Exponential 0.017 6330 0.039 0.55 3.22 0.021
Sand Spherical 38.00 1983 126.80 0.70 6.59 0.123
Silt (%) Spherical 47.30 2110 141.70 0.66 7.65 -0.057
Clay (%) Exponential 11.98 960300 38.43 0.66 3.42 0.064
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Webster and Oliver ) s)ls 04> (s pSaiges Juolgd
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Sdly @5 0 Sl Sy STn e jsliea
Sl 9 (55 0 Sl S 598 9 Lagie ins SIS
g S Siwly.(Zareian etal. 2015) o 3,155

Sz ;S (5 lelome slagty, 5l esliiwl b S sla Shy wess b -Y Jgax
Table 3 Results of estimating soil properties using Kriging geostatistical methods

Soil Parameters Validation Criteria Disjunctive Simple Ordinary
MAE 0.001 0.002 -0.003
0,
OC (%) RMSE 0.318 0.312 0.301
9y MAE 0.011 0.011 0.002
P RMSE 0.224 0.224 0.220
B MAE -0.026 -0.036 0.031
EC (dSm-) RMSE 0.883 0.873 0.984
MAE 0.077 0.081 0.081
0,
Clay (%) RMSE 3.41 3.41 3.54
. MAE -0.204 -0.226 -0.057
0,
Silt (%) RMSE 7.56 7.56 7.65
MAE 0.123 0.123 0.041
Sand (%) RMSE 6.5 6.59 6.58

SRy e slagbyy byl slp (F oYV Jouo) cé)5
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Table 4 Results of Kriging and IDW methods for estimating soil parameters in the studied area

soil  Validation . Co-Kriging e
Parameters Criteria Disjunctive Simple Ordinary nary
variable
. AME 20.003 0.011 0.011 0.002 EC (dS/m)
P RMSE 0.212 0.222 0.222 0.211
. AME 0.011 -0.026 -0.026 -0.032
0,
EC{dS/m)  pvsE 0.986 0.872 0.876 1.00 Clay (%)
AME 0.341 0.014 0.014 0.088
0, 0,
Clay (%) RMSE 3.66 3.44 3.40 355 OC (%)
_ AME -0.142 -0.213 -0.236 -0.058
0,
Silt (%) RMSE 8.13 7.56 7.56 7.71 CaCos
AME 0.007 0.001 0.001 -0.008
0, 0,
OC (%) RMSE 0.136 0.134 0.133 0.140 Clay (%)
SCK_Silt (%) (C) OK Sand (%) (g_)) SCK_Clay (%) (h-ﬂ-”)
ﬁfonwm
1
0'57 ’

A8 )

axllacs ;9o adlain ;o Clw —z 9 0~ o)y Suoyo —l i gainaiy 4 -V S
Fig. 2 Zoning map of a) Clay, b) Sand and c) Silt percentage in the studied area
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Fig. 3 Zoning map of a).Ec, b) OC and c) pH percentage in the studied area
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