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Spatial Differentiation Characteristics of Soil Erosion and Degradation in
Black Soil Cropland of Northeast China
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Sciences, Beijing 100049, China)

Abstract: [ Objective ] Soil erosion is a significant cause of degradation in black soil. To make matters worse, there is little or no
comprehensive evaluation of soil erosion-degradation in black soil cropland in Northeast China. Thus, clarifying the spatial
differentiation characteristics of soil erosion and degradation, as well as the different soil erosion-degradation types will be

conducive to the implementation of soil protection and restoration technologies tailored to local conditions. [ Method ] Based on
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the physical and chemical properties of soil samples collected during two periods of soil survey, the soil species survey in the
1980s and the soil series survey in the 2010s, a comprehensive soil quality index was constructed in this paper via principal
component analysis, considering soil thickness, soil organic matter content, total nitrogen content, total phosphorus content, total
potassium content, pH value, and bulk density. The spatial distribution maps of soil properties in the 1980s and 2010s were
created with a 90 m resolution using environmental covariates and the random forest model. Fuzzy membership functions were
built to evaluate soil quality, and soil degradation was the difference between the quality from these two periods. A total of 15
erosion-degradation types of black soil were classified based on two aspects: the intensity of soil erosion types and the degree of
soil quality degradation. [ Result ] The results showed that about one-third of the cropland in Northeast China experienced
erosion-degradation. Among them, water erosion is extensive and causes serious degradation. The most typical type was mild
water erosion-serious degradation (occupying 23.7% of erosion croplands), which was distributed in the east of the Great Khingan
Mountains, the north of the Lesser Khingan Mountains, the south of the Songnen Plain, and the north of the Changbai Mountains.
Other types include mild water erosion-slight degradation (16.4%), severe water erosion-serious degradation (14.1%), mild water
erosion-no obvious degradation (7.4%), severe water erosion-slight degradation (6.8%), and severe water erosion-no obvious
degradation (3.1%). Additionally, the main type of wind erosion was severe wind erosion-slight degradation type (10.1%), which
was distributed in the middle of the Songliao Plain and Horqin Sandy Land. This was followed by mild wind erosion-slight
degradation (8.3%), severe wind erosion-serious degradation (3.2%), mild wind erosion-serious degradation (2.3%), mild wind
erosion-no obvious degradation (1.9%), and severe wind erosion-serious degradation (1.3%). The land area of freeze-thaw
erosion-degradation types was small (1.4%), having mild intensity and concentrated in the western foothills of the Great Khingan
Mountains. [ Conclusion ] Overall, our study reveals that the higher the quality of black soil, the more likely it is to suffer serious
degradation, which is greatly influenced by severe erosion. Also, the degradation caused by water erosion was the most serious.
According to the different spatial distribution of erosion-degradation types, distinct black soil protection and sustainable
utilization technologies should be promoted.

Key words: Black soil; Soil quality; Soil erosion; Random forest model; Spatial distribution
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Table 1 The membership function parameters and weight of selected indicators for building comprehensive soil quality index

) SR RS
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Parameters of membership function
Indices ~ Weight
/M I iE H R BR” el ERRY PN

+ K Soil thickness/cm 40 — — 170 0.141

A MR Soil organic matter/ ( gkg™) 5.0 — — 87.1 0.220
2% Total nitrogen/ ( g-kg™") 0.39 — — 491 0.215
4> Total phosphorus/ ( gkg™') 0.13 — — 1.45 0.199
44 Total potassium/ ( g'kg ') 10.8 — — 34.6 0.063
pH 5.3 6.5 7.5 8.6 0.082

ZH Bulk density/ ( g-em™ ) 0.81 1.2 13 1.6 0.080
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Fig. 2 Spatial distribution of cropland soil properties in the black soil region of Northeast China between 1980 and 2010
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Table 2 The amount of change in the cropland soil properties in the black soil region of Northeast China from 1980 to 2010/%

847 Indices < (-25%) (-25%) ~ (-5%) (-53%) ~5% 5%~25% >25%
HARJEE Soil thickness 18.65 54.15 14.36 11.19 1.64
A HLET Soil organic matter 58.86 27.57 6.40 4.59 2.58
4% Total nitrogen 11.90 20.53 19.02 25.84 22.70
42H% Total phosphorus 18.77 29.54 6.34 12.85 32.50
447 Total potassium 10.05 27.75 21.88 22.37 17.94

pH 0.05 18.69 59.94 21.32 0.003
7 H Bulk density 0.002 10.16 51.77 37.93 0.15

http://pedologica.issas.ac.cn



4 1 FTE IR A . ZRE PR A IRk 4 Pl iR 2 1) 23 S A 937

a. 1980s HEJFr it
Soil quality in 1980s

TR
Soil quality index

I High: 1

Low: 0

K3 ZRAE B KB i

b. 2010s I it
Soil quality in 2010s

c. P - ER 1
Soil degradation between two periods

IR R THERAL R

Soil quality index Soil degradation index
High: 1 M (-1)~(-0.05)

l [ 1(-0.05)~0.05
Low: 0 MWoos~1

TR B ffs B [l oA

Fig. 3 Spatial distribution of soil quality index and soil degradation index in cropland of the black soil region of Northeast China
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Fig. 4 Spatial distribution of soil erosion intensity in cropland of the black soil region of Northeast China
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Table 3  Area statistics of soil erosion intensity in cropland of black soil region of Northeast China at provincial level/ (10* km*)

(Eat ey
B2
Soil erosion types
T TR AR
“hy K i Kk ARG
Area of
Province Water erosion Wind erosion Freeze-thaw erosion
cropland
erosion Lz} 3 e el iaiedl B e el Liaiedl BEE
Mild Moderate  Intense Extreme Mild Moderate  Intense Extreme Mild
oy 5.47 3.20 1.52 0.13 0.00 0.13 0.38 0.10 0.00 0.00
AR 1.94 0.61 0.31 0.09 0.00 0.55 0.25 0.14 0.00 0.00
i 1.67 1.11 0.26 0.03 0.00 0.20 0.06 0.01 0.00 0.00
AT 4.43 1.50 0.84 0.06 0.00 0.80 0.86 0.16 0.03 0.18
4711 Total 13.51 6.42 2.93 0.32 0.00 1.67 1.54 0.41 0.04 0.18

@  Heilongjiang, @ IJilin, @ Liaoning, @ WZ T H A XALAL & IR DURTT . 4% 8 | 38 LT A ARG T 75 DY 2 72 M The Inner
Mongolia Autonomous Region only includes the Hulunbeier City, Hinggan League, Tongliao City and Chifeng City.
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a. KPR HE SRR ] b. KRR AR c. KR SR AL
Mild water erosion-no obvious degradation Mild water erosion-slight degradation Mild water erosion-serious degradation

d. 7K e R A AR d e K R LR £ K e R A

Severe water erosion-no obvious degradation Severe water erosion-slight degradation Severe water erosion-serious degradation

g AR R A W] S h, Rt - IR 42T i R IR A

Mild wind erosion-no obvious degradation Mild wind erosion-no obvious degradation Mild wind erosion-serious degradation

& & o’
Jo MU R - R A AT k. KU - IR AR AR 1. KUy - R A ™ B
Severe wind erosion-no obvious degradation Severe wind erosion-slight degradation Severe wind erosion-serious degradation

m, i R AN ] n, i IR AR o. iR IR Al

Mild freeze-thaw erosion-no obvious degradation ~ Mild freeze-thaw erosion-slight degradation Mild freeze-thaw erosion-slight degradation

K5 ZRAE B IX 15 Fhblka (2 phoal A 26 202 ) 43 A

Fig. 5 Fifteen soil erosion-degradation types distributions of cropland in the black soil region of Northeast China
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R T
Soil erosion-degradation types
FKpmAZ EE R LA B 2 Mild water erosion-no obvious degradation
TR AR R R AR 521 Mild water erosion-slight degradation
B KphE2 R Ak P B Mild water erosion-serious degradation
IR EE FE R LA W] 4 Severe water erosion-no obvious degradation
kb EE R Severe water erosion-slight degradation
B KPR E R AL P B Severe water erosion-serious degradation
R4z B LA S Mild wind erosion-no obvious degradation
Rk g B (b 52 6#% Mild wind erosion-slight degradation
R4z B 1K ™ 8 Mild wind erosion-serious degradation
R e B L AW S Severe wind erosion-no obvious degradation
R 2 B 573 Severe wind erosion-slight degradation
o XUk e R AL P2 8 Severe wind erosion-serious degradation
Az SRR W 4 Mild freeze-thaw erosion-no obvious degradation
e Az SRR Mild freeze-thaw erosion-slight degradation
B lihi2 R4k ™ B Mild freeze-thaw erosion-serious degradation
JCHH 2 {=2h No obvious erosion
K6 ARALER A XM R R A 250 25 1] 43 A
Fig. 6 Spatial distribution of soil erosion-degradation types in cropland of the black soil region of Northeast China
80
JBAEAH] 5 No obvious degradation
® B {L4%1% Slight degradation
0™ 1B4E™ T Serious degradation
g
.8
£3
i ? 40 1
4
= g
<
201
O » oy > a .- 2a > a o .- 3. -
K ihAZ g NS RV A o RS O AR
Mild water ~ Severe water ~ Mild wind ~ Severe wind ~ Mild freeze-  No obvious
erosion erosion erosion erosion thaw erosion erosion
R A2
Soil erosion-degradation types
7 HRAGE L XA ENR R AR R AR L
Fig. 7 Area proportion of croplands in different soil erosion-degradation types of the black soil region of Northeast China
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il A2 P SR Yy SRR e, O R A K i
DX, R X R SRR AR, — BT, (R E
J3E 3 DX A0 ol 2 i X ) 38 o i O e 5 IR AR

FEE M X ) R R R TR AR RO, RTiRAL
AU, d el AR G, R iR A
T, AT RS I S DA b R iR R R G

F4 FIEBLXHHRIMRUER 1980 FRLIEREEHFKIT

Table 4 Soil quality index in 1980 of different soil erosion-degradation types in the black soil region of Northeast China

B AL T

Soil

BEAREAYE RE-RBLEM BE-RATE

Mild-no obvious
erosion-degradation

Mild-slight

Mild-serious

RN BRI HE- R

Severe-no obvious Severe-slight Severe-serious

degradation degradation degradation degradation degradation degradation
types
Kz 0.2444 0.3626 0.4940 0.2409 0.3868 0.5073
WA fih® 0.1940 0.2052 0.2864 0.2013 0.2108 0.3256
R 0.4505 0.4862 0.5073 — — —

@D  Water erosion, @ Wind erosion, @ Freeze-thaw erosion
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Fig. 8 Relationships between two soil quality indexes based on literature
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