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Spatial Variation Characteristics and Influencing Factors of Black Soil Quality in
Typical Water-Eroded Sloping Cropland
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(1.State Key Laboratory of Soil and Agricultural Sustainable Development , Nanjing Soil Research Institute , Chinese
Academy of Sciencess Nanjing 210018, China; 2. Chinese Academy of Sciencess Beijing 100049, China)
Abstract: [Objective] This study aimed to clarity the role of sedimentation and erosion in shaping the spatial
pattern of soil quality in black soil slope croplands. [ Methods] Taking the sloping farmland in typical water-
eroded areas in northeast China as the research object, we used the soil attributes of 110 sample points and
the soil quality index (SQI) index based on the minimum data set to evaluate the spatial differentiation
characteristics of soil quality at the slope scale, while the effects of slope gradient, slope position, and soil
depth were determined using generalized linear models (GLMs). [Results] (1) Opposing patterns of soil
nutrient content and spatial characteristics were observed between the surface and subsurface layers in sloping
croplands. Most nutrient indicators exhibited significantly higher content in the tillage layer compared to the
subsurface layer. However, the surface layer showed lower spatial heterogeneity and weaker correlation with
related physicochemical indexes comparing with the subsurface layer (p < 0.05). (2) Erosion and
sedimentation significantly influenced the spatial distribution characteristics of soil quality. The SQI was

significantly lower in slopes with severe erosion compared to up-slope areas with weakly eroded regions and
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down-slope areas in depositional areas (p<C0.05). Compared with the upper position, the SQI of middle
position was 26.2% and 31.6% lower at surface and subsurface soil layers, respectively. Sedimentation did
not improve the soil quality of severely eroded slope croplands, and there were no significant differences in
SQI between down-slope and up-slope areas (p >>0.05). (3) Soil depth, slope position, and slope gradient
emerged as key factors influencing the variability of SQI in slope croplands. The GLM results demonstrated
that, for the same soil horizon, slope, aspect, and their interactions explained over 95% variation in SQI.
Among them, the explanatory degree of slope position was 68%, and that of slope gradient was 22%.
Considering the factor of soil depth, the explanatory degrees of soil depth, slope position, and slope gradient
on the variation of SQI in the range of 0—40 cm were 39%, 31%, and 10% , respectively. [ Conclusion ] The
combined method of SQI and GLLM was used to clarify the shaping role of the erosion-sedimentation process
in the spatial differentiation of black soil quality in sloping cropland, and the research results can provide
technical support for the evaluation and management of the quality of eroded and degraded black soil in
typical water-eroded areas.
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Table 1 Basic physical and chemical properties ofsurface and subsurface soils (n =110)

BHEZE (0—20 cm)

WEZE(20—40 cm)
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SEHME i K1H i /ME (Y% A KR AE e /ME Ccv

B/ (g kgD 18.12% 30.38 9.35 23.40 13.98" 37.55 5.16 40.08
BAE/ (g kg™ 1.574 2.57 0.95 21.41 1.23"8 3.17 0.50 36.18
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pH 5.79% 6.89 4.89 7.33 5.924 6.91 4.97 7.03
W/ % 5.94* 10.83 2.02 29.77 5.128 8.69 2.04 32.47
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Table 2 Pearson correlationamong soil properties of subsurface and subsurface layers
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Py d 1.00 0.97%* 0.66** 0.67** 027** 018  —0.05 0.10 0.13 0.06 0.50 % * —0.48% * —0.04 0.36* *  —0.22% —0.13
B 0.99* * 1.00 0.63% * 0.64** 0.29%* 018  —0,05 0.08 0.12 0.09 0.43% * —043%* —0.07 0.36* *  —0.31% *—0.12
WA 0.87% % 0.85* *  1.00 0.66* * 0.23* 0.28% * —0.16 0.02 0.13 0.14 0.39% * —0.43* * —0,03 0.38* *  —0.26* * —0,03
X 0.64% % 0.61** 0.62** 1.00 0.49% *  0,37* * —0.10 0.08 0.15 0.18 0.21%  —0.29%* 0,06 0.36* %  —0.31% *—0,04
HEH —0.15  —0.14  —0.09 0.29* * 1.00 0.23*  0.07  —0.09 0.05 0.31% % 0.22*  —0.38** 0 0.03 —0.19*  0.02
L 0.03 0.05 0.01 0.27** 0.29** 1.00 —0.02 —0.08 —0,04 0.08 0.17 —0.19* 0.12 0.19* —0.31* *—0.17
HAH  —0.51% *—0.51% * —0,38* * —0.15 0.34% * —0.09 1.00 0.35% * —0.08  —0.09 —0.04 0.08 0 —0.18 0.17 0.07
CEC 0.34% % 0.34% % 0.34** 0.31%*—0.07  —0.09 0.15 100 —0.04  —0.01  —0.29** 0.32** —0.10 0.13 0.19 0.21% *
pH 0.43% * 043% % 0.36** 030** 0.12 0.03  —0.36** 0 1.00 0.03 0.19%  —0.19%  —0.12 0.45% % —0.18 0.25* *
WR A 0.07 0.08 0.01  —0.03 0.02 0.15  —0.02 0.01  —0.12 100 —0.11 —0.46* % —0.02 0.02 —0.01 0.08
BORLA R 044 x 041F % 042% % 0407 % 0.29% % 0.19% —0.36* ¥ —0.28% *  0.34% * —0.195%  1.00 0.83* *  —0.03 0.07 0.11 0.11
BRLAE —045% ¥ 0447 * —041% * =036 ¥ —0.29% ¥ —0.26* * 0.35% % 0.27% ¥ —0.27% * —0.34% * —0.86* * 100 0.04  —0.07 0.10 0.05
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Table 3 Factor loadings of soilphysical and chemical indicators for each principal component

1 IR PC—1 PC—2 PC—3 PC—14 PC—5
MR/ (g kgD 0.946 —0.047 0.118 —0.036 —0.052
BAER/ (g kgD 0.936 —0.062 0.113 —0.03 —0.068

WA/ (mg » kg™") 0.888 —0.065 0.137 —0.022 —0.010
W/ (g kg D) 0.724 —0.076 0.443 0.158 0.028
T KR/ % 0.588 0.573 —0.297 0.056 0.108
23 )7 /kPa —0.570 0.427 —0.057 0.152 —0.132

KR/ (mm * min™ ") 0.192 —0.784 0.062 —0.056 0.056
AE/(gcm™?) —0.504 0.729 —0.030 0.071 —0.094
pH 0.284 0.532 0.063 —0.174 0.375
WAL/ (mg » kg 1) 0.146 —0.300 0.796 0.053 0.034
Rk &/ % —0.447 0.052 —0.601 0.538 0.153
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CEC/(cmol * kg ™) 0.268 0.175 —0.143 0.793 —0.093
BB/ (mg « kg™ ') —0.326 —0.257 0.394 0.616 0.056
R i/ Y 0.444 0.004 0.479 —0.485 0.267
Wk A/ % 0.096 —0.108 0.331 —0.201 —0.753
FRAE(E 5.605 2.183 2.146 1.739 1.146
FEHTW/ Y 31.139 12.127 11.924 9.663 6.365
HHTTHR/ % 31.139 43.266 55.190 64.853 71.218
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Table 4 Weights and evaluation functions for each indicator of soil quality index

P S/ ’f@%ﬂ#7§$/ A/ CEC/ .
(g+kg ") (mm * min~ ") (mg+ kg ) (cmol * kg™ ")
T HE (x) 16.05 1.87 22.00 28.32 5.53
NSy 0.915 0.661 0.748 0.759 0.738
T bR BT 2 AT £ AT 2 AT 2 AT B2 MR AT
R (b) —2.5 —2.5 —2.5 —2.5 —2.5
L 0.239 0.173 0.196 0.199 0.193
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Fig. 2 Responses of key indicators and soil quality index (SQI) to slope positions of surface and subsurface soil layers (n =10)
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