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Abstract The purpose of this study is to investigate the differences and optimal combinations of different

quality index calculation methods in the soil quality evaluation process. A total of 11 physical and chemical
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indicators from 79 soil samples in the south bank of Yellow River irrigation area of Hangjin Banner, Inner
Mongolia were collected and measured, and a minimum data set based on the principal component
analysis was constructed. Moreover, this study compared the soil quality indices calculated under the
combination of two weighting methods (principal component analysis and analytic hierarchy process) and
three index scoring methods (membership function, linear scoring function, and nonlinear scoring
function) , and obtained the optimal combination of methods through the correlation accuracy test with the
total data set. The results showed that: 1) The analytic hierarchy process determined higher weights for
physical indicators and lower weights for available nutrient indicators than the principal component analysis.
The distribution trend of index score calculation results by membership function, linear scoring function,
and nonlinear scoring function was basically consistent, but the membership function had a higher degree
of differentiation when scoring the physical indicators. 2) The highest accuracy of correlation test for the
minimum data set soil quality index was calculated using the analytic hierarchy process to determine the
weights, and the membership function to determine the index scores, with R°=0.85, the Nash-Sutcliffe
efficiency coefficient of 0.81, and the relative deviation coefficient of 0.04. 3) The range of soil quality
indices calculated for two datasets under the optimal combination of methods was 0.25-0.71 and 0. 16-
0. 78, respectively, with mean values of 0. 43 and 0. 45, indicating that the soil quality in the study area was
at a moderate level. In summary, this study determined the optimal combination of methods to accurately

evaluate the soil quality in the south bank of Yellow River irrigation area in Hangjin Banner, and provided

reference for the selection of index weights and score calculation methods in further studies.
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Fig. 1 Schematic diagram of the study area and sampling sites
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Table 1  Results of principal component analysis for constructing evaluation indicators for the minimum data set

FE 4 Principal component

LS T o R S ¥
Evaluation index Principal Principal Principal Principal Norm fit
component 1 component 2 component 3 component 4 Norm value

ke WC 0.450 0.584 0.355 —0.248 1.366
ZHBD 0.202 0.784 —0.557 0.074 1.516
fLEBRE SP —0.203 —0.783 0. 557 —0.073 1.515
pH —0.258 0.381 0. 607 0.016 1.089
HSEEEC 0.496 0.672 0. 286 0.147 1.484
AL AP 0.549 —0.381 —0.035 0.427 1.262
R EN AK 0.693 0.061 0.441 —0.021 1. 382
MAZNO,-N 0.429 —0.219 0.016 0.752 1.155
A NH, -N 0.436 —0.546 —0.371 —0.320 1. 329
A BB OM 0.877 —0.245 0. 030 —0.222 1.667
A HLRRH E SOCD 0. 899 —0.112 —0.086 —0.217 1.669
5 iF {8 Eigenvalue 3.331 2. 734 1.539 1.041 —
Bk /% Variance 30. 281 24.854 13.991 9.467 —
FHTTHR/ %

30. 281 55. 136 69. 127 78. 594 —

Cumulative variance

Correlation coefficient

-0.4
-0.6
-0.8
-1.0

FHAE P<X0. 057K F- L 3 3k P<K0. 01K F- L i 3%
* means significance at P<<0. 05 level; ** means significance at P<<0. 01
2 TIEBELIEERA) Pearson 16 35 RETAE FF

Fig. 2 Pearson correlation coefficient matrix statistic of soil physicochemical indicators
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Table 2 Indicator weights for the total data set and the minimum data set

AT ITZE (PCAD

P A

B P b i )
o Common factor Factor weight
Data set Evaluation index )
variance (PCA) PCA AHP
wC 0.732 0.085 0.143
BD 0.970 0.112 0.174
SP 0.971 0.112 0.174
pH 0.581 0.067 0.079
EC 0.802 0.093 0.084
L SAE S

AP 0.630 0.073 0.037

Total data set
AK 0.679 0.079 0.032
NO,-N 0.798 0.092 0. 040
NH, -N 0.728 0.084 0.033
OM 0.879 0.102 0.103
SOCD 0.876 0.101 0.103
BD 0.908 0. 360 0.476
B/ NEE 42 pH 0.417 0.165 0.182
Minimum data set NO,-N 0.567 0.225 0.100
SOCD 0.631 0.250 0.243
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