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Figure 1. Location of the study area and soil sampling points in Alborz province
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Table 1. Classification of soil quality indices
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Table 2. Descriptive statistics of soil physical and chemical properties in measured samples (n=95)

Soil properties Minimum  Maximum Average Std. deviation ~ Skewness  Kurtosis
Sand(%) 15.00 71.50 40.71 10.88 0.38 0.83
Silt(%) 18.00 46.00 34.91 6.00 -0.65 1.08
Clay(%) 1.50 40.00 24.38 6.38 0.28 -0.40
BD (g.cm?) 1.07 1.74 1.44 0.14 -0.12 -0.04
MWD (cm) 0.00 2.03 0.65 0.38 1.06 2.23
AW(%) 8.24 18.69 13.76 2.12 -0.26 0.56
Ks( m.day™) 0.01 2.15 0.46 0.50 1.57 2.19
pH 7.44 8.17 7.86 0.17 -0.18 -0.76
Ec (dS.m?) 0.54 14.21 2.37 2.44 2.86 10.65
OC(%) 0.53 2.35 1.02 0.34 1.69 4.30
CCE (%) 5.00 23.2 14.48 441 0.78 -0.04
SAR 0.33 6.48 1.63 1.26 1.98 4.33
Pava (Mg.kg™?) 3.20 173.00 41.55 44.44 1.55 1.77
Kaa (Mg.kg?) 100.00 1250.0 433.66 244.12 1.66 3.33
Fe (mg.kg?) 2.02 16.02 6.29 2.85 1.26 2.14
Cu (mg.kg?) 1.06 4.06 2.15 0.79 0.83 -0.15
Mn (mg.kg?) 2.26 21.06 10.97 4.18 0.46 0.57
B (mg.kg?) 0.48 7.56 231 1.07 2.51 11.19
Zn (mg.kg?) 0.46 8.08 2.16 1.70 1.61 2.62
SMR (mg CO.. day.g?) 0.59 1.46 0.91 1.97 0.88 0.76
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Table 3. Eigenvalue, cumulative percent and loading coefficient values of the selected properties in the

components
component
1 2 3 4
Eigenvalue 3.78 264 180 1.30
Cumulative percent 21.11 40.27 57.94 67.99
Kava 0.86
o.C 0.81
Pava 0.78
AW 0.84
Clay 0.76
Mn 056 0.58
Cu 0.54
pH -0.62
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Table 4. Descriptive statistics of soil quality in agricultural lands of the study area

Soil Quality Index Indicator method Minimum Maximum Mean Median
Nemoro Quality Index Minimum Data Set 0.21 0.44 0.35 0.36
(NQI) Total Data Set 0.33 0.52 0.44 0.44
Additive Soil Quality Minimum Data Set 0.38 0.73 0.62 0.63
Index (SQIz) Total Data Set 0.49 0.77 0.66 0.65
Weighted Additive Soil Minimum Data Set 0.42 0.76 0.64 0.64
Quality Index (SQlw) Total Data Set 0.49 0.79 0.66 0.66
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Table 5. Components of fitted semivariograms

degree of spatial

Index  Method Model Néjgget sill Range R? RSS dependence  Skewness Kortosis
0) (Co+C) (Ao) (ColCo+C)*100
SQlw MDS Exponential 0.070 0.210 3650 0.79 1.19x10° 0.498 -0.682 0.205
TDS  Exponential 0.030 0.099 2700 0.99 2.37x10* 0.307 -0.062  -0.322
SQl, MDS Exponent!al 0.075 0.600 6000 0.92 3.4x10? 0.125 -1.135 0.893
TDS  Exponential 0.100 0.234 6200 0.89 4.2x10*% 0.427 -0.018  -0.333
NOI MDS Gaussiap 0.630 0.900 7200 0.93 9.9x103 0.700 -1.020 0.882
TDS  Exponential 0.138 0.210 4500 0.89 2.55x10% 0.657 -0.022  -0.314
SB kS bl 50 Bgipmoml-Bg,5 5005 Jlo g &159 903l —F Jgu
Table 6. Kolmogorov-Smirnov test in soil quality indices
Soil Quality Index
Minimum Data Set (MDS) Total Data Set (TDS)

SQlw SQla NQI SQlw SQla NQI

Kolmogorov-Smirnov test 0.965 1.488 1.436 0.519 0.672 0.699

p-Value 0.309 0.024 0.032 0.950 0.757 0.714
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Table 7. R? and normalized root mean squares error (NRMSE) values in soil quality indices

Index Method R? NRMSE
Weighted Additive Soil Quality Index (SQIw) Minimum Data Set 0.69 14.56
Total Data Set 0.73 12.25
Additive Soil Quality Index (SQlz) Minimum Data Set 0.71 20.29
Total Data Set 0.78 21.12
Nemoro Quality Index (NQI) Minimum Data Set 0.82 11.35
Total Data Set 0.85 12.25
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Figure 2. Soil quality maps indices using minimum data set (MDS) and total data set (TDS)
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Abstract

Knowledge on the spatial distribution of soil quality is one of the most important issues in
recognition, planning, management and optimal exploitation of soil resources. In this study, physical,
chemical and biological properties of topsoil (0-30 cm) were measured in 50 fields (1650 m x 1650
m) in Savojbolagh region, Alborz province. All of the factors influencing soil quality were selected
using the principal component analysis (PCA). The Weighted Additive Soil Quality Index (SQlw),
the Additive Soil Quality Index (SQI,) and the Nemero Soil Quality Index (NQI) were guantified
using either the total data set (TDS) or the minimum data set (MDS). Spatial variability of these soil
quality indices were analyzed using geostatistical technique. In addition, spatial distribution of them
were determined using the Ordinary Kriging method. The results showed that for the NQI index, the
best fitted model was the Gaussian (R?= 0.93) when MDS was used, whereas, the exponential (R?=
0.79-0.99) model was strongly fitted to the other indices obtained from MDS and TDS. Furthermore,
the effective range of spatial variability for SQIl,, SQlw and NQI indices was 6-6.2, 2.7-3.65 and 4.5-
7.2 kilometers, respectively. The NQI obtained from the TDS appeared to have the higher accuracy
in the area (R?= 0.85, normalized root mean squares error (NRMSE) = 0.01). A large part of the area
has high quality (class Il) as well as to some extent areas have medium quality (class I11) and very
high (class I). Soil quality indices in the region were in moderate spatial dependence (0.31-0.7). So,
the soil quality in the region is affected by both natural and external factors. Therefore, regarding the
low organic matter as well as the weak structural stability of soil in the study area, one may expect
that by implementing appropriate management methods such as adding organic matter, the soil
guality will be increased.

Keywords: Principal component analysis, Spatial variability, Soil quality Index, Spatial dependence,
Minimum data set
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