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Characteristics of Erosion and Degradation for Farmlands in the Typical
Water Erosion Area of the Black Soil Region, Northeast China
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Abstract; [Objective] Quantitatively evaluating the magnitude of soil erosion and degradation in the black soil
region of Northeast China, can deliver benefits to accurately implement conservation practices in different
areas. [ Methods ] The farmlands in the typical water erosion area of the black soil region of Northeast China
were taken as the research objects, and the caesium-137 (**’Cs) tracing method was applied to quantify soil
erosion rate (SER) for different sampling sites. Based on the three categories of black soil degradation, i.e.,
thinner, poorer, and harder, seven representative indicators were selected, including SER, pH, soil organic
matter (SOM), total nitrogen (TN), total phosphorus (TP), total potassium (TK), and bulk density
(BD). A soil degradation index (SDI) was developed by using total dataset (TDS) and fuzzy membership
function methods.[Results] (1) The average SER for different sites displayed an order of Bin County[ BX,
8 417.86 t/(km® » a) ]>>Hailun[ HL, 7 083.96 t/(km® « a) ]>>Gongzhuling[ GZL, 3 168.71 t/(km?* » a) |>
Beian[ BA, 2 786.09 t/(km* « a)]> Longjiang[ L], 2 722.46 t/(km?® « a)]. According to the SER, BX and
HIL were classified as the intense erosion degree, whereas GZL, BA and L] were classified as the moderate
erosion degree; (2) There were significant and negative power function relationships between SER and SOM,

TN, TP, but a significant and positive logarithmic relationship between SER and BD (p» < 0.05), with R*®
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ranging from 0.222 to 0.532, which indicated that soil erosion substantially exacerbates nutrient loss and soil

hardening in black soils; (3) The processes of thinner, poorer, and harder showed significant interactions in
the farmlands of black soils. The SDI for different sites followed an order of BX (0.44) > HIL (0.36) > LJ
(0.21) > GZL (0.10) > BA (0.05). [ Conclusion ] The findings can provide scientific support for the

diagnosis, evaluation and accurate mitigation of soil erosion and degradation in the black soil region of

Northeast China.
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Fig. 1 Distribution of sampling sites in the study area
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Fig. 4 Influencing path analysis for soil thinner, poorer, and
harder in farmlands of black soils using the structural

equation model (SEM)
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Table 4 Factor loading matrix of soil quality evaluation

indicators
AN 8 bR PC1 PC2
SER —0.652 —0.162
pH 0.338 0.751
SOM 0.980 —0.150
TN 0.968 —0.218
TP 0.896 —0.172
TK —0.142 0.901
BD —0.873 —0.322
FEAE AR 4.022 1.606
Ty Z DTk &/ % 57.451 22.946
RRTTHRE/ % 57.451 80.397

. PC1 Al PC2 435 %6 1,48 2 £ M43 SER,.SOM, TN, TP, TK
Al BD 43 5l s AR I R A L AR L AR ik

RBTh,

Table 5 The membership function models, critical parameters and weights of soil quality evaluation indicators

P 5 A A a a,

b, b w;
SER J“S”IE 200.0 — — 5 000.0 0.14
pH ThIE 5.0 6.5 7.5 9.0 0.15
SOM “S"IE 10.0 — — 40.0 0.16
TN “S”IE 0.8 — — 2.0 0.15
TP “S”IE 0.2 — — 1.0 0.14
TK “S”IE 10.0 — — 30.0 0.08
BD LI 0.7 1.0 1.25 1.55 0.19

£ :SER.SOM.TN.TP.TK #1 BD 43l # 75 - He42 i 3R A WU 2R A0 2 AR BUTE 0 a1 01 0 KRR ERBEAI ZHGw R

TR FRALE ;" R TR
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ootz izl 1 gy QER A T (R 6), Horp
BX I HL {& il fiz ™ 8, F- 4 SER 4351 15 )8 417.86,
7 083.96 t/(km® « ), JEIR AR M. AN % 4E BX
BN SR T Cs 7R B & B, 3 b P 1 SER
2 853.26 t/(km” * &) ; B L EM IS HL 3
By i oE 2 SER 298 7 558.2 t/(km® « a), AHF
SE7E BX #b X 8 8 SER 5 T AN 25020 ffF 57 45 31,
B HL M X 5 a0 AW 058 25 AL, 2 i 7 AN

SSRGS T BN R AR B B A bR A
oA 27, By T AR Bl | 55 B, SER AH X A
NS TR R AR /N TR B ) SER 3 4 S M i 4 L BX
AR LB EARRA, & LR TE MR, 20
A G Y R B AR UE S BX R HE AR b+ 4
JEHE L BALGZL R L) H XA 3% B b 2 Jm b R bl
(3 2), S i 45 & B0, BA BE A 9 B+ 2 HH X AR,
bR A X A DR A AR Dok B B T P R I
517 Cs HERLY SER 45 LA s GZL B AU F 1 SER 2
3 168.71 t/(km® « &), 5[] E 2445 A b X I B 1)
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Fig. 5  Soil degradation index (SDI) for farmlands in the
typical water erosion area of the black soil region,
Northeast China
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Table 6 The ' Cs inventory and the range of soil erosion rate (SER) reported in published references for the black soil region,

Northeast China

T 7% 4t X R RE AR PTCs A/ (Bq s m™) SER/(t+km ?+a ") EED N
WA, swil 2007 2 500.00 —1517.30~17 131.99 [19]
RIRVTAR O 2010 2 506.00 —17 100~5 680 [22]
LSS AU S5 2014 2 378.40 —3589~5 107 [23]
BV FER 2016 1221.96 —1 849.55~3 668.05 [9]
RIVTAR L WOT 2022 1 879.70 151~1 575 [29]

WA R 2002 2 232.75 —10 606~6 202 [40]
WML LA 2002 2 463.64 3 033.6~3 940.3 [41]
T KR 2008 2 918.00 453~3 758 [21]

 FH SER<T0 F /R VI, SER™>0 £/R 21,
33 RIEELHBKMRAHTERES SR
AWFFE R Y Cs R 1R B A AL AL A [H]

BE S5 AR ORI L 38 3 T 17 Cs £ R HE SER LU
FALR A AR W FRAE . 25 R R W], SER AR %5 i
6 7R FA AR W RRAE , B AR IR AR B A A 2 B A7
TEREW (K 4, ik TDS MBS 8 I ek $i

AR SDI A F Az i AR g < AR 3 AR FR I F B
RELR A 4 T M S B B AR AR RRAE . AT TR 45 SRR,
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(F5) . S5 SCVE & i A g i AR L 28+ X R
Tt 3B Ak I R 25 (] 3 A RT 52 A ALY 0 A AR (BT 6
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Fig.6 Spatial distribution of soil erosion-degradation types for
farmlands and the distribution of sampling sites in the
black soil region, Northeast China

S BX K Lk + 4 E, e R B W
WAy R, IR ME R 2R AR B
Jor 22t iR L - A B BT RN IR A A B 2 D A O - 4
B AR ] R AR, HL RS 9 SER BS % T BX.
+HEGR AR AR BX AR EAR, 5 LIU 4820 i 5
G5, % T L], H SDI Lk T HL 1 BX, 1 4%
BfE A R e, BAR L] () AR ok R R A X
B HH T LY AT B AR 4 398 5 4 (SQL.0p = 0.89)
SDI AH X8 & . 38 2 P8 2 & B, L A9 JF B g s S i
AR RKAC150 45) . ar AU R R, £
b A Y5 A e R B i R Ak R IR AR R B AR Dl
X, BEE KR TF RS L] X A kAR
iR1b. BA R GZL A9+ 18R b 2 B W 35 A% T At b
X, —JHEEm T 2 XK SER K. 8 ER
s — 7w, 2N BA B GZL A A B RE 4 e B
AP BT 5 6 BEORR b 22 S /0 o 0 O B R AR AR B AR
. BEAR . JEA KB 2 A M X RE 34 S AR 40 1 B R
it (BA W3 K 28 5 GZL e #F)  3X 1 R afF — 25 BH
AR U R R

TEAR AL R A DX, 07 o s O B 1 R A 435 bt g 5 it
BN VLY R A B0 2 A 55 L TR S A TR
it TR S 2 DABE 2 3B Tl - S AR L ek 92 R
Bk
4 4 it

(1) 2R T Cs 718 1535 B A 45 b B2 4 X i A8 K e
A H 4 4 345 i 3 #8 (SER) Ol 2 722.46~8 417.86 t/

(km?® « a), i L2 B (BX) M (HL) 5 55 . J@ o
B2, 2 F08 (GZL) b (BA) MR (LD IR Z ,
Ja& T B2

(2) TR 2 52 + A HL BT (SOMD) . 2 A
(TND & f (TP) AR BT & (BD) (p<<0.05) , {H X}
pH Fre#sZm A 2%, i SER ¥ K, SOM. TN, TP
oSBT R 18 T ML BD W AT St . 3R ph
T 5 433 2 A0 = 2 AL, 2 1 i 2R 4= 1Rk

(3) JB Ao FH /AR 7+ A 8 7 AR A 22 [ A7 AR A B
S, 38 AT 4 B0HE 4R vk RVBOMA SR JE B oR B0 A+ R
fLAR B (SDD AL A R Y H R AR, RN
BX Al HL ) £ 3R b F2 A X B . L) IRz, GZL
A BA B A AR B AR X 424K

SE

[1] LIU X B, LEE BURRAS C, KRAVCHENKO Y S,
et al. Overview of Mollisols in the world: Distribution,
land use and management|[ ] ].Canadian Journal of Soil
Science,2012,92(3) :383-402.

(2] k26 S, X oK. rp [ 2R A 0 5 04 4 0 ) R K K 3 2R
B I % R L) ] 7K L AR FFE 41 - 2020,,40(4) £ 340-344,
ZHANG X Y, LIU X B. Key issues of mollisols
research and soil erosion control strategies in Chinal J].
Bulletin of Soil and Water Conservation, 2020, 40 (4) .
340-344.

(3] rhre IR i [ KR 38 b K b R R 2 4 (2022 4F)
[R].JExT.2023.

Ministry of Water Resources of the People’s Republic
of China. Gazette of soil and water conservation (2022)
[R7.Beijing.2023.

[4] WANG L, ZHENG F L, LIU G, et al. Seasonal chan-
ges of soil erosion and its spatial distribution on a long
gentle hillslope in the Chinese Mollisol Region[ ] ].Inter-
national Soil and Water Conservation Research,2021,9
(3):394-404

(51 3RJ6E A4, X BEIE, 45, A0 B8 4 X 4 38 4R T BT 5 30k
BHRBE[J] KR ,2022,36(2) :1-12.
ZHANG G H, YANG Y, LIU Y N, et al. Advances
and prospects of soil erosion research in the black soil
region of Northeast Chinal J].Journal of Soil and Water
Conservation,2022,36(2) :1-12

(6] PR B AR b 8 3 B2 5 (20200 [R]. BT, 2021.
Chinese Academy of Sciences. White paper on northeast
black land[ R].Beijing,2021.

[7] FANG W, ZHONG X M, PENG X H, et al. Soil qual-
ity mediates the corn yield in a thin-layer mollisol in
Northeast Chinal J].Land,2023,12(6) :e1187.

[8] WANG X, LIS]J, WANG L P, et al. Effects of crop-

http: // stbexb.alljournal.com.cn



80 KB PR 95 38 &
land reclamation on soil organic carbon in China’s black the spatial patterns in soil redistribution, organic

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

soil region over the past 35 years[]]. Global Change
Biology,2023,29(18) :5460-5477.

HU W, XUJ Z, LIJ Y, et al. The effect of soil and
water conservation measures on soil organic carbon in a
typical small watershed in the Mollisol Region of
Northeast Chinal ]J].Catena,2022,208:e105744.

TESC 08 AR FE ), S5 R AL B X Bk T B R
TR G L 368 FPR LT . - HEE 4 5 2021, 52(3) £ 695-701.
WANG J K., XU X R, PEI ] B, et al. Current situa-
tions of black soil quality and facing opportunities and
challenges in Northeast China[J]. Chinese Journal of
Soil Science,2021,52(3):695-701.

LIHQ, ZHU H S, QIU L P, et al. Response of soil
OC, N and P to land-use change and erosion in the
black soil region of the Northeast Chinal J]. Agricul-
ture, Ecosystems and Environment, 2020, 302:
el07081.

R A 2L A T e NI AR 1 55 b R A
JZ R HERTR T L] A T4, 2021,37(12) :91-98.
MEI N, GU Y, LI D Z, et al. Soil quality evaluation in
topsoil layer of black soil in Jilin Province based on min-
imum data set[ J]. Transactions of the Chinese Society
of Agricultural Engineering,2021,37(12):91-98.
VFSCHR L A mik s Bk, 55 AR b B8 e I e A 3k v 1 )22
JE R KGR AR 3 A L) ] b K AR R B2 (R 350
2021,19(3):28-36.

XU W X, YANG X K, CUI B, et al. Analysis of the
soil thickness and the degradation degree of the typical
slope farmland in the black soil region of Northeast
Chinal J].Science of Soil and Water Conservation,2021,
19(3):28-36.

o SRR e DX T - B RO A A I 3 AT
PECD] BB A el KA, 2023.

LONG L. Construction and spatial distribution characteristics
of soil quality index of farmland in typical black soil areal D].
Wuhan: Huazhong Agricultural University, 2023.

Wz me BUA 5 A R AL BB A KO B K 4 K fE
W FR AT L. b K L AR A2 O e300, 2020, 18
(6):105-114.

XIE Y, GAO Y, GU Z J, et al. Potential hazard
assessment of slope farmland soil erosion in black soil
region of northeastern Chinal J].Science of Soil and Wa-
ter Conservation,2020,18(6):105-114.

ZHANG S, LIU G, CHEN S L, et al. Assessing soil
thickness in a black soil watershed in Northeast China
using random forest and field observations[ ] ].Interna-
tional Soil and Water Conservation Research, 2021, 9
(1) :49-57.

SUZ A, WANG L J, LIU Y H, et al. ¥"Cs tracing of

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

carbon and total nitrogen in the southeastern Tibetan
Plateau[ ] ]. International Soil and Water Conservation
Research,2023,11(1) :86-96.

FANG H J, YANG X M, ZHANG X P, et al. Using
Y7 Cs tracer technique to evaluate erosion and deposition
of black soil in Northeast Chinal ] ].Pedosphere, 2006,
16(2):201-209.

HE Y X, ZHANG F B, YANG M Y, et al. Insights
from size fractions to interpret the erosion-driven varia-
tions in soil organic carbon on black soil sloping farm-
land, Northeast Chinal]].Agriculture, Ecosystems and
Environment,2023,343:e108283.

LIU C, LIU G, DAN C X, et al. Variability in mollic
epipedon thickness in response to soil erosion - deposi-
tion rates along slopes in Northeast Chinal J].Soil and
Tillage Research,2023,227:e105616.

YANG Y H., YAN B X, ZHU H. Estimating soil ero-
sion in Northeast China using '*"Cs and **° Pb,,[ ] ].Ped-
osphere,2011.,21(6):706-711.

FANGH Y, LIQY, SUNL Y, et al. Using " Cs to
study spatial patterns of soil erosion and soil organic
carbon (SOC) in an agricultural catchment of the typi-
cal black soil region, Northeast China[]]. Journal of
Environmental Radioactivity,2012,112:125-132.

AN J, ZHENG F L, WANG B. Using "’ Cs technique to
investigate the spatial distribution of erosion and deposition
regimes for a small catchment in the black soil region,
Northeast Chinal J].Catena,2014,123:243-251.

ZHANG ] Q. ZHENG F L, L1 Z. et al. A novel opti-
mal data set approach for erosion-impacted soil quality
assessments: A case-study of an agricultural catchment
in the Chernozem Region of Northeast China[]].Land
Degradation and Development,2022,33(7):1062-1075.
WANG H, YANG S L, WANG Y D, et al. Rates and
causes of black soil erosion in Northeast China[ J ].Catena,
2022,214:e106250.

XIE Y., TANG J, GAO Y, et al. Spatial distribution of
soil erosion and its impacts on soil productivity in
Songnen typical black soil region[ J]. International Soil and
Water Conservation Research,2023,11(4) :649-659.

MA R, TIAN Z Y, ZHAO Y, et al. Response of soil
quality degradation to cultivation and soil erosion: A
case study in a Mollisol Region of Northeast Chinal J].
Soil and Tillage Research,2024,242.:e106159.

XIFE TG H W =, 55 RIS 4 XOR b SR 2 -
DX 1Rl 5 4 SR 27 d 41 . 2021.66 (1) - 96-106.
LIUB Y, ZHANG G L, XIE Y. et al. Delineating the
black soil region and typical black soil region of north-

eastern Chinal J].Chinese Science Bulletin,2021,66(1) :

http: // stbexb.alljournal.com.cn



553

%y 25 - 7R b B e R Al DX T 4R it A5 0B AR fE 81

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

96-106.

JIANG HT, LI X J, WANG Y, et al. Investigating the
soil wind erosion in the Black Soil Region of Northeast
China based on *"Cs Tracer method[ ] ]. Polish Journal of
Environmental Studies,2023,33(1):211-224.

- B R AR S A M3 L b 5T o [ gl A
#t,2000.

BAO S D. Soil and agricultural chemistry analysis[ M].
3rd Edition. Beijing: China Agriculture Press,2000.
ZHANG X B, WALLING D E, HE Q. Simplified mass
balance models for assessing soil erosion rates on culti-
vated land using caesium-137 measurements[ J]. Hydro-
logical Sciences Journal,1999,44(1) :33-45.
NABIOLLAHI K, GOLMOHAMADI F, TAGHIZA-
DEH-MEHRJARDI R, et al. Assessing the effects of
slope gradient and land use change on soil quality degra-
dation through digital mapping of soil quality indices
and soil loss rate[ ] ].Geoderma,2018,318:16-28.
WALLING D E. HE Q. Improved models for estimating
soil erosion rates from cesium-137 measurements| J |.Journal
of Environmental Quality,1999,28(2):611-622.

rhAe B S K R T b S A i 2R A AR ME . SL
190—2007[S1.4t5¢ : H [E 7K A K B AL, 2008,
Ministry of Water Resources of the People’s Reppublic
of China. Standards for classification and gradation of
soil erosion: SL. 190—2007 [ S]. Beijing: China Water
Resources and Hydropower Press,2008.

LIU Z P, MA D H, HU W, et al. Land use dependent
variation of soil water infiltration characteristics and
their controls [ J ]. Soil
Research,2018,178:139-149.

ZHANG P P, WANG Y Q, XU L, et al. Factors con-

scale-specific and Tillage

trolling spatial variation in soil aggregate stability in a
semi-humid watershed [ J]. Soil and Tillage Research,
2021,214:e105187.

7 ak. T OPRAE MR IE O B T M K 4 R
(D] KA 3 MR, 2007.

QIN Y. Study on mechanism of structure degradation

1k AL BB 5T

and fertility evaluation of black soil in Jilin Province
[D].Changchun: Jilin University,2007.

F27, R UK WL R e VA T A MR BT A 4R AR R R
R[] [ e 2@ 42 . 2021, 37(33) : 98-104.

JIANG N, WANG B, XIE Y G. Construction of black
soil quality evaluation index system in Heilongjiang
Province [ J ]. Chinese Agricultural Science Bulletin,
2021,37(33):98-104.
A LA I A%
Al AL 1992

PR e A R ML ek

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

National Land Resources Investigation Office. Soil Gen-
eral Survey Technology in China[ M. Beijing: Agricul-
tural Publishing House,1992.

KIRCHNER G. Establishing reference inventories of '’
Cs for soil erosion studies: Methodological aspects[]].
Geoderma,2013,211:107-115.

T7 A 2] R I SRR YT Cs R BF 9 R L 3
B b b S T 3 A R AE L) . R AR 25 2 4, 2005, 16 (3)
464-468.

FANG HJ, YANG X M, ZHANG X P, et al. Redis-
tribution patterns of black soil in hillslope landform of
Northeast China: A "’ Cs study[]J].Chinese Journal of
Applied Ecology,2005,16(3) :464-468.

[ENERP R I o a1 BT S 8 W e W= 911
CI0. MR 5T , 2005, 24 (4) 1 499-506

YAN B X, TANG J. Study on black soil erosion rate

A

and the transformation of soil quality influenced by ero-
sion[ J].Geographical Research,2005,24(4) :499-506.
L 8 % L S Cs i B R B K AR
Al AR e g BF 5 b i L D). e B 2%, 2010, 30
(1):124-128.
YANG Y H., YAN B X, SHEN B, et al. Agricultural
nonpoint source pollution loads prediction using caesium-
137 tracing technique in black soil region, Northeast China
[J].Scientia Geographica Sinica,2010,30(1):124-128.
T ZE. BT AR b 2R 4 XA b A ik % - 8 A Y 52 i T
WID]BRTY % VI RARB 2, 2023,
MO S H. Assessing impacts of soil erosion on soil quality
in sloping farmland of Chinese Mollisol region [ D J.
Yangling, Shaanxi: Northwest A&.F University,2023.
ZHANG X Y, SUL'Y Y, ZHANG X D, et al. Spatial
variability of nutrient properties in black soil of North-
east Chinal J].Pedosphere,2007,17(1):19-29.
FANG H Y. Impacts of rainfall and soil conservation
measures on soil, SOC, and TN losses on slopes in the
black soil region, northeastern China [ J]. Ecological
Indicators,2021,129:¢108016.
HOLZ M, AUGUSTIN J. Erosion effects on soil carbon
and nitrogen dynamics on cultivated slopes: A meta-anal-
ysis[J].Geoderma,2021,397 :e115045.
PR3 = 8 S i R i G AR X R (PO &
A HURR A A A2 [T, 4k T A2 2% 4, 2023, 39 (10)
103-111.
ZHU Y, L1] Y, ZHANG C Y, et al. Effects of long-
term conservation tillage on black soil organic carbon
components in sloping farmland[]]. Transactions of the
Chinese Society of Agricultural Engineering, 2023, 39
(10):103-111.

http: // stbexb.alljournal.com.cn



