%38 B 3 K PR FEE R Vol.38 No.3
2024 £ 6 A Journal of Soil and Water Conservation Jun.,2024

DOI1:10.13870/j.cnki.stbexb.2024.03.029
ZEPRUR e e, SR A AL R ol DX A M PR Y 2 23 S R AE R e R R L) ] K R AR R L 2024, 38(3) £ 382-390, 399,
LI Linyuan, GAO Lei, PENG Xinhua, et al. Spatial variation characteristics and influencing factors of black soil quality in typical water-eroded

sloping croplands[J]. Journal of Soil and Water Conservation,2024,38(3) :382-390,399.

£ Y 7k {1 Ei)H#iﬂl,.n ﬁgﬁ’] == [8] 57 S HFAE K 5 0 [ 2

FHEC, B B BRI R K, DEE AR
(1.F|1[ilﬂ%Fﬁﬁﬁi%ﬁﬁ?ﬁ%i%‘%ﬂﬂkﬂ%ﬁﬁ%@%E)ﬁ%%%,ﬁﬁ'\ 210018;2.p E A2 g K2, AL 100049)

 E:[Br] AUHER—TURER P IE R RS RS SR EER. [FE] DRI
YK ol X35 Bk b A B S R, R 110 AR S R M L SR S T R/ BN 4R 0 T B R B (SQD #E
Pk o TEA 398 T R - 898 5 2 104 25 (1) 3 SRR AE i%?‘F'FFJT“)LQEfi*iF'J((JI MD BB 35 B A L+ B IR AR R
XF 4T Y TTER . (G5 R (DR 3 57 43 2 4 F1 2 ()RR E 6 BF VR 2 AL 38 2 8] S A0 R LA . X 77
KB 2 atehn HHERN ST REE S TEEE, 1HE,E ) 55 0 4 B A 8 5% 43 % o U 0 A DG RIS T
F )2 (p<C0.05) 5 (2) (R 4k TTRLVE FH 52 i 35 Bk b - 498 o 3 199 25 18] 43 A0 FRAF . SQT 7 58 B2 1k 1 3 v B 38K T
BERMA Y BT K AT (p<<0.05), 53 EAR L. 3 SQT 78 BFAF 2 A1 36 )2 5 0 BRI 26.2 % Al
31.6 % . ULAUE B 90 A — 2 o 2R ph 3 B DT AR XA 3 TR L 0 PN EBHEEZ M R R R LB
ZF(p>>0.05)5(3) T2 EE AL E L SQI AT EEF N E . GLM 458 8%, % F[H—
AR W S H a2 VR R SQT AR S i e B B Ak 95 %0, o, A R R O A RE R 43 B R
68501 22% ;% [ L HER RN &K L 7E 040 cm 12, + 2 R E 07 A3 5 X SQI AR 57 14 i B 5 43 1 R
39% .31 %A1 10% . [&Ei8] R SQL A GLM AHZ5 A 47 2%, B 42 bl — OB 2ok A2 78 38k b 28 4 57 o 25 1)
3 5 v B BE AR R F 5 SR T Sy i AR Kl X ARl AR b R A i R DT A N B R AR R S,

KB HHENGVBER: WIERET; £HR ARG T SRR

FES£ES:S157. 1 XEkFRIZAD : A XEHS:1009-2242-(2024)03-0382-09

Spatial Variation Characteristics and Influencing Factors of Black Soil
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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 of surface and subsurface soils
I HHER (0—20 cm) W22 (20— 40 cm)
I AR . N
T4 {E PN I /ME Ccv {8 e KAE e/ ME Ccv
B/ (g kg™ 18.12 A 30.38 9.35 23.40 13.98 B 37.55 5.16 40.08
MR/ (g kg™ 1.57 A 2.57 0.95 21.41 1.23B 3.17 0.50 36.18
BMA/(mg kg ')  159.63 A 257.25 95.55 20.23 126.96 B 294.00 51.45 36.01
W/ (g kg D) 0.67 A 1.07 0.39 16.37 0.57 B 0.98 0.39 20.85
W/ (mg » kg™ ) 27.79 A 63.78 10.91 34.44 16.20 B 54.28 6.19 58.92
/(g kg D) 21.23 A 24.88 15.55 6.83 21.18 A 26.45 12.82 8.55
WA/ (mg » kg ) 197.41 A 285.00 150.00 11.77 189.50 B 270.00 130.00 14.10
CEC/(cmol » kg™") 28.13 A 31.68 23.96 5.48 28.50 A 32.97 23.07 7.28
pH 5.79 B 6.89 4.89 7.33 5.92 A 6.91 4.97 7.03
Wk &t/ % 5.94 A 10.83 2.02 29.77 5.12 B 8.69 2.04 32.47
kL& i/ % 55.08 A 62.57 47.51 5.10 53.34 B 64.24 46.22 5.65
Bk it/ %% 38.97 B 45.97 29.88 8.08 41.54 A 49.46 33.09 7.57
WAF /K /(mm » min ') 3.75 A 14.71 0 102.87 0.03 B 0.85 0 292.08
+HEEKE/ % 24.20 B 28.87 21.64 6.05 26.37 A 36.36 21.10 11.80
2% 3% B 71 /kPa 639.69 B 1 042.59 327.89 24.76 1 003.53 A 1 840.04 477.33 27.52
KE/(geem ) 1.19 B 1.51 1.01 9.79 1.40 A 1.57 1.04 6.67
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Table 2 Pearson correlation among soil properties of subsurface and subsurface layers
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WH BB OBR BEE AR EMB AW ERW CEC o REE) AT
G o SE o BKE FKE
¥ 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
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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% * —0,20% 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
HAMSKE o —0.01 0.04 0.30% * 0.37** 031** 0.23% 005 —008 0.15 0.01 —0.09 .00 —o0.11 —0.05  —0.48* *
FHEEKE 0.85% % 0.85% * 0.77* % 0.58% ¥ —0.21%  —0.02  —0.47** 031 *  0.49* * —0,09 0.32% % —0.26%* 0 1.00 —0.33* * 0.18
FHEM S —0.44% *—045% * —0.37* * —0.18 0.22%  —0.05 0.34* * —0.09  —0.35** 004  —0.17 0.15 0.02  —0.56* * 1.00 0.05
RE —0.59% *—0.57% % —0.60* * —0.41* * 0.19% —0.,03 0.26* * —0.22% —0.15 0.15  —0.17 0.09 —0.14  —0.65* * 0.31% % 1.00
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Table 3 Factor loadings of soilphysical and chemical indicators for each principal component
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Table 4 Weights and evaluation functions for each indicator of soil quality index
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IR 2 AT 2 R IT 2 AT 2 AT 2 T
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