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Table 1. Results of the principal component analysis of physical and biological indicators (0-60 cm depth)

Soil indicators Physical biological
PC1 PC2 PC1 PC2

GMD 0.966 0.092

MWD 0.980 -0.005

BD 0.085 -0.800

Ks 0.583 0.556

Sorptivity 0.148 0.655

SMR 0.796 -0.144
MBC 0.953 -0.018
gco2 -0.826 -0.097
gmic -0.022 0.991
Eigenvalue 2.445 1.206 2.228 1.008
Variance (%) 48.892 24.118 55.693 25.195
Cumulative variance (%) 48.892 73.010 55.693 80.889

As he sla Shy Blas sl ead Gl gla Siig eaimolis jladas 55 ol polie YU 135 b sla Sy eaiaslis olow polis
Boldface factor loading values are considered highly weighted. Boldface and underlined loading values correspond to the soil

indicators included in the MDS.
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Table 2. Results of the principal component analysis of chemical indicators (0-60 cm depth)

Soil indicators PC1 PC2 PC3 PC4

oC 0.969 0.064 0.052 0.021
P -0.031 -0.019 0.722 0.024
K -0.078 0.188 0.588 -0.126
EC 0.038 0.915 0.077 0.115
pH 0.051 0.305 -0.595 -0.122
TN 0.982 0.040 0.022 0.012
Fe 0.358 0.430 0.629 0.098
Zn -0.093 0.039 -0.009 0.868
Cu 0.265 0.064 0.772 0.163
Pb 0.165 0.319 0.176 0.765
SAR 0.118 0.885 -0.011 0.060
Na 0.075 0.967 0.034 0.088
Cl 0.052 0.908 0.045 0.112
Cs 0.968 0.114 0.062 0.014
Ns 0.965 0.084 0.025 0.006
Eigenvalue 5.003 3.208 2.126 1.231
Variance (%) 33.351 21.390 14.174 8.207
Cumulative variance (%) 33.351 54.741 68.915 77.122

i Sie gla Sy JBlas sly ead Q! sl Shig caumoilis jladas 5 ol polie 9 Y 55 b sl Shg caumoylis ol polis
Boldface factor loading values are considered highly weighted. Boldface and underlined loading values correspond to the soil

indicators included in the MDS.
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Table 3. Results of the principal component analysis of total data set (0-60 cm depth)

Soil indicators PC1 PC2 PC3 PC4 PC5 PC6 PC7

Ks 0.692 0.083 -0.040 0.193 -0.028  0.123 0.255
Sorptivity 0.137 -0.024 -0.067 0.070 0.175 0.081 0.876
MWD 0.537 0.150 0.034 0.738 -0.082  -0.145 0.053
BD -0.533 -0.044 -0.063 0.600 0.037 0.126 -0.204
GMD 0.544 0.181 0.053 0.702 -0.079  -0.173 0.144
SMR 0.829 0.071 -0.019 0.021 -0.032  -0.088 -0.109
MBC 0.876 0.045 0.133 -0.009 -0.021  -0.265 0.092
qco2 -0.622 0.027 -0.263 0.170 -0.097  0.379 -0.144
gmic -0.240 0.054 -0.050 0.119 -0.029  -0.827 -0.030
oC 0.937 0.068 0.067 0.044 0.034 0.207 0.012
P -0.015 -0.017 0.728 0.084 0.050  -0.197 -0.018
K -0.050 0.172 0.463 -0.128 -0.133  -0.163 0.550
EC 0.052 0.922 0.051 0.041 0.094  -0.001 0.026
pH 0.023 0.221 -0.624 0.272 -0.026  -0.034 0.162
TN 0.928 0.045 0.040 0.098 0.025 0.237 -0.026
Fe 0.280 0.436 0.637 0.204 0.077 0.165 0.102
Zn -0.084 0.052 0.012 -0.062 0.859  -0.044 0.004
Cu 0.200 0.091 0.781 0.054 0.107 0.227 0.158
Pb 0.128 0.323 0.187 0.011 0.763 0.093 0.139
SAR 0.100 0.868 -0.038 0.191 0.073  -0.092 0.051
Na 0.080 0.970 0.004 0.035 0.076  -0.024 0.033
Cl 0.071 0.929 0.028 -0.070 0.079 0.041 -0.027
Cs 0.931 0.110 0.070 0.090 0.034 0.191 0.044
Ns 0.903 0.082 0.038 0.148 0.025 0.227 -0.003
Eigenvalue 7.696 3.717 2.317 1.596 1.273 1.251 1.041
Variance (%) 32.065 15.487 9.653 6.649 5.303 5.213 4.336
Cumulative 32.065 47.551 57.205 63.853  69.157  74.369 78.705

variance (%)

Ald jihe s Sy Blas gy eass Gl gla Shg caimolis jlakas 5 ol polie g YU (39 b slo g caimslis olow yolie
Boldface factor loading values are considered highly weighted. Boldface and underlined loading values correspond to the soil

indicators included in the MDS.
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Table 4. Spearman correlation coefficients for soil physical, chemical, and biological indicators for average of two depths in two land uses

gfollloerty BD MWD GMD EC SAR OoC TN P Zn Cu Na Cl MBC gmic Cs Ns
MWD 0.01

GMD -0.06 0.93™

EC 0.04 0.20 0.26

SAR 0.03 0.21 0.30 0.76™

oC -0.40™ 042" 0.39™ -0.04 -0.07

TN -0.36™  0.45™ 0.41™ -0.07 -0.09 0.94™

P -0.08 0.07 0.04 -0.10 -0.08 0.17 0.20

Zn -0.09 0.08 0.12 0.38™ 0.25 0.09 0.04 0.24

Cu -0.19 0.13 0.13 -0.16 -0.08 0.36™ 0.33™ 0.47™ 0.28

Na 0.01 0.18 0.27 0.81 0.97™ -0.07 -0.09 -0.07  0.29 -0.08

Cl 0.05 0.15 0.21 0.88™ 0.60™ -0.03 -0.04 -0.02 0.49™ -0.05 0.65"

MBC -0.42 045" 0.47™ 0.05 0.03 0.74™ 0.69™ 0.16 0.11 028 0.01 0.05

gmic 0.13 -0.02 0.04 0.06 0.12 -0.45 -0.42 -0.07 -0.10 -0.18 0.08 0.02 0.13

Cs -0.36™  0.42" 0.40™ -0.04 -0.06 0.98" 0.92™ 0.15 0.09 0.34 -0.06 -0.01 0.73" -0.44™

Ns -0.32"  0.44™ 0.41™ -0.07 -0.08 0.91™ 0.97" 0.18 0.02 0.32 -0.07 -0.03 067" -0.42™  0.93™

qCO; 0.36™ -0.33" -0.37" -003 -0.03 -054" -049" -012 -0.13 -029 -0.02 -003 -0.87" -0.24 -0.54™ 047

Y22

1 p<0.0las,s S o )3 ls e -
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Table 5. Comparison of minimum data set in irrigated and rainfed land uses at the 0-30 and 30-60 cm

depths.
Minimum Unit Land use 0-30cm 30-60 cm
data set Mean SD Mean SD
TN % Irrigated 0.05™ 0.02 0.03" 0.02
rainfed 0.03 0.02 0.02 0.01
oC % Irrigated 0.62"" 0.27 0.35™ 0.20
rainfed 0.41 0.21 0.24 0.15
P ppm Irrigated 11.34" 9.31 6.41™ 6.04
rainfed 8.72 8.01 5.37 7.29
Na mg I Irrigated 114.30" 159.12 121.38" 168.91
rainfed 54.54 98.63 36.07 34.60
Zn ppm Irrigated 2.60™ 7.50 1.34™ 2.54
rainfed 0.87 1.49 0.49 0.46
Cu ppm Irrigated 1.89™ 0.83 1.98m™ 0.97
rainfed 1.74 0.82 1.79 0.88
MBC mg kg Irrigated 289.82™ 98.25 225.61™" 79.50
rainfed 213.41 93.46 147.96 73.75
gmic Mg Cmic J* Corg Irrigated 48.65M™ 9.71 103.98™ 121.27
rainfed 56.33 19.88 77.94 52.58
MWD mm Irrigated 2.93™ 1.56 2.81™" 1.53
rainfed 1.48 0.85 1.37 0.83
BD gcm?3 Irrigated 1.317 0.07 1.41m 0.09
rainfed 1.36 0.09 1.42 0.06
Sorptivity cm s Irrigated 0.22" 0.05 0.18" 0.06
rainfed 0.20 0.06 0.16 0.07

ogime e o0z 9 S5 /) mhaw 0 o sre ci S 4 g

™, p<0.001; ™, p<0.01; ", p<0.05; ™, not significant.
w‘ AW ‘éﬁjx.c 6))3[..\4.5 J.L.?LA 5o 6wa):d..4

- sa>Ls .(Askari & Holden 2015; Guo et al., 2017)
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Table 6. The results of t-test for soil quality indices in irrigated and rainfed land uses at 0-30 and 30-60 cm

Mean Mean
SOl depth (cm) Irrigated Rainfed t-Value p-Value
SQI-LMDS1 0-30 0.524 0.433 4.478 0.000
30-60 0.439 0.362 5.019 0.000
SQI-NLMDS1 0-30 0.492 0.429 2.796 0.007
30-60 0.430 0.363 3.418 0.001
SQI-LMDS2 0-30 0.515 0.433 4.136 0.000
30-60 0.463 0.392 4.177 0.000
SQI-NLMDS2 0-30 0.471 0.414 2.732 0.008
30-60 0.425 0.371 2.725 0.009
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Abstract

Soil quality (SQ) index is used as a quantitative tool for assessing the impact of land use and
management systems on soil condition. The aim of this study was to quantify SQ under agricultural
ecosystems in Zanjan province using multivariate analyses. 154 soil samples were collected from 77
farms in Zanjan province (27 sites under irrigated and 50 sites under rain-fed land use) at 0-30 and
30-60 cm depths. 24 soil physical, chemical and biological properties were measured. Principal
component analysis was used to identify minimum data set (MDS) for assessing SQ. Two groups of
MDS were determined by considering physical, chemical and biological properties separately
(MDS1), and by using all measured soil properties (MDS2). The capability of linear or non-linear
approaches to develop SQ index was investigated. Four SQ indices were calculated using MDS1 and
MDS2, linear and non-linear scoring methods. Total nitrogen, available phosphorus, sodium, zinc
and copper, microbial biomass carbon, microbial quotient index, aggregate stability and bulk density
were determined as the MDS1. Soil organic carbon, available phosphorus, sodium, zinc and copper,
microbial quotient index, aggregate stability and sorptivity were identified as the MDS2. Both
methods had enough efficiency to identify MDS for assessing SQ. The linear SQ indices (p<0.001)
showed higher capability than non-linear indices (p<0.01) to differentiate SQ between rain-fed and
irrigated land uses. The SQ index calculated using linear function and MDS1 indicated SQ of
irrigated land use (0.524) had a better condition compared to rainfed land use (0.433). The SQ index
calculated using MDS2 also indicated a similar trend between irrigated (0.551) and rainfed land use
(0.433).
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