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1- Data Base
2- Geographic Information System
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Figure 1- Map of land use in Sistan plain
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Figure 2- Geographic map of the sampling region; Miankangi, Zabol, Sistan
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3- Ordinary Kriging

4- Simple Kriging

5- Disjunctive Kriging
6- Hermite Polynomials
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1- Inverse Distance Weighting
2- Local Polynomial Interpolation
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2- Mean Error
3- Root Mean Square Error



1395 15 —sls 15 2 ol 30wl (S g ST a pis 448

andlho 5,90 dilrio ;5 S Olwogad oy b1 -1 Joua
Table 1- Descriptive statistics of soil characteristics in the study area
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Figure 3- Histogram of clay, (a) based on the raw data and (b) after using logarithmic transformation
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Correlation (EC) (Silt) (Clay) (Sand) (bH) (SP) (CaCo3)
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(CaCo3)
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** *_Correlation is significant at the 0.01 and 0.05 level, respectively
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Table 3- Semivariogram parameters for soil characteristics in the Miankangi region
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Table 4 - Results of the estimation of soil characteristics by using kriging method

SB S 2Lyl sl PV oslw JRLveY)
Soil properties Assessment standard  Disjunctive ~ Simple  Ordinary
S Ol S ME -0.0479 -0.055 -0.01903
(CaCo3) RMSE 2.170 2.162 2.146
oS cglan ME -0.0026 -0.0036 -0.0035
(EC) RMSE 5.636 5.644 5.721
& daso] ME -0.00013  -0.00051  -0.00058
(pH) RMSE 0.436 0.436 0.433
eldl Cagby do )y ME -0.0551 -0.0357 -0.0031
(SP) RMSE 7.850 7.862 7.827
o) ME -0.1148 -0.1013 -0.0030
(Clay) RMSE 8.365 8.375 8.509
Oy ME 0.0990 0.1007 0.0268
(Sand) RMSE 17.723 17.728 18.197
Clews ME 0.0151 0.0157 -0.0543
(Silt) RMSE 15.696 15.702 16.035

SSle dldlrio LSB Oliogad wodd ;3 LPI g IDW (K 5565 sl pigy i -5 Joua
Table 5- Results of the estimation of soil characteristics by using Co-kriging, IDW and LPI method

] LPI  IDW (Co-Kriging) Kiuexs )5 o
S (S bl e 2 i = ol J S i
Soil properties  Assessment standard oY o ] . M =
power 2 Disjunctive  Simple Ordinary Secondary variable
S Sl S ME 0.1579 0.16 -0.0475 -0.0522 -0.025 s
(CaCo3) RMSE 2207 215 2.156 2.149 2.14 (Silt)
oS cglan ME 0.1238  0.1483 0.0193 0.0762 0.0255 o)
(EC) RMSE 5.783 5.689 5.535 5.542 5.805 (Clay)
A3l ME 0.0414  0.0402 0.0002 -0.0001  -0.0026 )
(pH) RMSE 0.4418  0.4466 0.4246 0.4253 0.4466 (Clay)
bl Cogby duo )y ME 1.9352 1.2143 -0.038 -0.012 0.009 oo
(SP) RMSE 8.241 8.587 7.387 7.175 7.711 (Silt)
o) ME 4.8088 4.1679 -0.1072 -0.0834 0.0149 SopsIl colaa
(Clay) RMSE 10.069  9.9009 7.487 7.506 7.532 (EC)
s ME 02035 02989 00061 00037  0.0439 poslS” b8
(Silt) RMSE 15.789  15.956 15.775 15779 15.722 (CaCo3)
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Figure 5- Zoning maps of (a) calcium carbonate,(b) soil acidity, (C) Electrical conductivity, (D) saturation percentage, (E)
Clay, (F) Sand and (G) Silt
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Introduction: In order to provide a database, it is essential having access to accurate information on soil
spatial variation for soil sustainable management such as proper application of fertilizers. Spatial variations in
soil properties are common but it is important for understanding these changes, particularly in agricultural lands
for careful planning and land management.

Materials and Methods: To this end, in winter 1391, 189 undisturbed soil samples (0-30 cm depth) in a
regular lattice with a spacing of 500 m were gathered from the surface of Miankangi land, Sistan plain, and their
physical and chemical properties were studied. The land area of the region is about 4,500 hectares; the average
elevation of studied area is 489.2 meters above sea level with different land uses. Soil texture was measured by
the hydrometer methods (11), Also EC and pH (39), calcium carbonate equivalent (37) and the saturation
percentage of soils were determined. Kriging, Co-Kriging, Inverse Distance Weighting and Local Polynomial
Interpolation techniques were evaluated to produce a soil characteristics map of the study area zoning and to
select the best geostatistical methods. Cross-validation techniques and Root Mean Square Error (RMSE) were
used.

Results and Discussion: Normalized test results showed that all of the soil properties except calcium
carbonate and soil clay content had normal distribution. In addition, the results of correlation test showed that the
soil saturation percentage was positively correlated with silt content (r=0.43 and p<0.01) and negatively
correlated with sand content (r=0.48 and p<0.01). In addition the soil saturation percentage with clay and soil
electrical conductivity of the study also showed a positive relationship at the level of one percent of the electrical
conductivity of clay particles had positively correlated (r=0.51 and p<0.01). Spherical, exponential and k-Bessel
models were selected as the best models which fit the experimental results. In the case of spatial correlation
between soil electrical conductivity characteristics of the region (with the range of 935 meter), and the maximum
effective range was less than other soil properties that the reflect the same conditions and heterogeneous, the
spatial distribution the features are. The effective range of pH, soil saturation percentage, calcium carbonate,
clay, sand and silt contents were calculated 2346, 5953, 3806, 3608, 2123 and 1083 meters respectively.
Spherical semivariogram (for a silt content), exponential (for electrical conductivity, soil moisture, sand, acidity)
and K-Bessel (to clay) models werr obtained as the best models for studied soil characteristics. Finally, maps of
electrical conductivity and pH with clay as covariate, saturated moisture percent and calcium carbonate
equivalent with silt as covariate and clay particles content with electrical conductivity as covariate were
produced with Co-Kriging method based on the parameter of mean squared error. Also maps of silt and sand
particles content with the Disjunctive Kriging were produced.

Conclusions: According to the produced maps soil electrical conductivity with coefficient of variation of
102.99 and low effective range (935 meter) showed a very high spatial variability which mostly depended on the
soil type of Miankangi region. The content of calcium carbonate with an average of 18.66 percentage a relatively
high figure and indicates calcium carbonate precipitation as one of the most soluble salts in the soil. Miankangi
soils acidity in the neutral range (8.13) is alkaline. That is due to very low coefficient of variation obtained for
pH, alkalinity of soil can be seen from its inherent feature. In addition, the high concentration of dissolved
substances in studied soils represents further expansion of salinity in irrigated lands in the study area, which
leads to reduce in soil quality and health due to irrigation and fertilization. Accordingly, it needs a proper
management, implementation of targeted programs for prevention, and overcoming the salinity problems for the
sake of improving the soil quality, as well as, achieving sustainable agricultural development in this region.
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