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Construction of Minimum Data Set of Soil Quality Assessment Indicators in Black Soil Region

of Northeast China Based on SHAP Method

ZHANG Chao'?, FAN Ya’nan®, LIU Hanqgiang>®, ZENG Wenbiao>*, JIANG Jun?, ZHANG Feng?, HU Wenyou>*", LIU Gang'

(1 School of Environmental Science and Engineering, Nanjing University of Information Science and Technology, Nanjing
210044, China; 2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of
Sciences, Nanjing 211135, China; 3 University of Chinese Academy of Sciences, Beijing 100049, China; 4 College of
Environment, Hohai University, Nanjing 210098, China)

Abstract: In response to the limitations of the traditional minimum data set (MDS) screening method for cultivated soil quality
assessment indicators in the regional scale application, this study focused on the cultivated surface soil (0—20 cm) in the black soil
area of northeastern China, and proposed a MDS screening method for cultivated soil quality assessment applicable to the
regional scale based on the random forest and Shapley additive explanations (SHAP) models. The results indicated that the MDS
screened by the traditional principal component analysis (PCA) method included organic matter, pH, sand, available phosphorus,
and available potassium, whereas MDS screened by the SHAP method included organic matter, pH, clay, available phosphorus,
and bulk density. The comparative results showed that the soil quality index (SQI) derived from the MDS constructed using the
SHAP method exhibited a stronger correlation with the SQI based on the total dataset (R?>=0.82). In contrast, the correlation for
the SQI derived from the PCA-based MDS was only R>=0.63. This indicates that, compared to the traditional PCA method, the
SHAP method can retain more comprehensive information while effectively reducing the number of soil indicators. Furthermore,

SQI obtained by SHAP method showed a stronger correlation with crop yield (R?=0.40), significantly higher than the result from
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PCA method (R*=0.15). This indicated that MDS established by the SHAP method could more accurately reflect the actual soil

quality conditions in the study area. In conclusion, MDS and SQI models constructed in this study based on SHAP method are not

only practical and robust but also can provide a powerful tool for soil quality assessment and management of cultivated land in

the black soil region of Northeast China.

Key words: Black soil; Soil quality; Soil fertility; Assessment indicators; Machine learning
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Fig. 1 Location of study area and sampling sites
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Table I Descriptive statistics of soil properties
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A % (mg/kg) 0.50 144.20 45.05 33.86 75.16
B (mg/kg) 30.70 433.30 184.17 87.34 47.42

A H (g/ke) 0.17 4.52 1.90 0.87 45.56
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Fig.2 Spearman correlation analysis of 11 soil indicators
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Table 2 Results of principal component analysis of soil quality
indicators

T e PCl1 PC2 PC3 PC4
pH —0.178  —0.333  -0.790 0.215
BLE 0.748 0.365 0.255 0.207

A R -0.006 0.004 0.868 0.216
HAHR 0.074 0.290 0.050 0.871
A5 0.865 0.280 0.193 0.185
2R 0.883 0.254 0.189 0.191
B 0.632 0.218 0.404 0.340

L4 -0.627 0272 0.232 0.143
Bk 0.463 0.595 0.011 0.292
Faxiiy -0.724  —0.122 0.061 0.133
WkE -0.288  -0.912  -0.107  —0.173
HRL 0.285 0.889 0.085 0.190
Rk 0.222 0.838 0.202 0.044
FRIE(E 6.425 1.555 1.342 0.904
FEHIH 49426 11960  10.327 6.955
RitFEHESL 49426 61.385 71.712 78.667

T R RN 2 RERIZAE PR () 47 (EL7E d i PR AT
10% LAY, AR RIZ & N DA bR AL fie MR 4

0.8

1

T HERGR/INFIEI (00 B TR S W 1 4 b 22 TBTAH S B it 55 )

39N 0.94, 0.93 F1 0.95(5% 3). A T SLPRERIE A
PR A T 45 R, T 7 E 4 ) 5 b R A T
FLGO X GE AR S P i SE B = i A T HAR . X SR AR
PP ERRE CFRAEIE A tvhm?, DRI AT S T
PEAT B g o FEASERY AR, B3 X4 T R L4 T
7 5 R 3 B b DX ) = e RS RS IESS SRR
SRS BLIGTE, T0 =  5 S PR R 2 M R
SR 0.72 Fil 0.49, FREIW 2 [BIAEAE 35 1 1EAH
AT T A HE T 4R BU(SQD K iE
P18 LI 7= LA 55 o 4 T {5

F3 BT 100 REE 10 373 LI IERY A B T 22 14 ae

Fi1E

Table 3  Average of performances of different predictive models
based on 100 repetitions of 10-fold cross-validation

KKFR. Wik,

iy R? RMSE MAE
E5 0.94 0.72 0.54
K F 0.93 1.05 0.78
N 0.95 0.21 0.16
AHXS 77 i 0.59 0.06 0.04
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Fig. 3 Results of SHAP analysis
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T4 EEREEMR/NBUIEENIBIRNE
Table 4 Weight values of soil quality indicators of total and minimum data sets
T+ SRR R BEE PCA 7h 5/ N 4 SHAP 5 /N 46
NSRS & NSRS E NSRS AE
pH 0.813 0.08 0.775 0.227 0.763 0.216
MR 0.801 0.078
A 0.800 0.078 0.749 0.220 0.753 0.213
HRLER 0.851 0.083 0.512 0.150
BHHLR 0.899 0.088 0.631 0.185 0.752 0.213
A 0.917 0.09
i 0.725 0.071
e 0.542 0.053
TKE 0.653 0.064
R 0.56 0.055 0.712 0.202
[z TA 0.957 0.094 0.741 0.218
iy 0.914 0.089
Fhki 0.794 0.078 0.547 0.155
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Fig. 4 Correlations of soil quality indexes based on minimum data set and total data set
(A) (B) ©
3=0.58x+0.30 . 3y=0.36x+0.41 =0.48x+0.35 .
0.8F R=0.37 ° 0.8} R*=0.40
g 0.6f = 0.6f
£ £
=y =y
= =
04t = 04})
2 : : : ' ' ' ' 02 : : ' '
0 0.2 0.4 0.6 o8 %202 0.4 0.6 0.8 0.2 0.4 0.6 0.8
SQI-TDS SQI-PMDS SQI-SMDS
5 BEFFARAZENTERERYSHENFENXER

Fig. 5 Relationships between soil quality indexes based on different methods and relative yields
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