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Table 1 Measurement system of cultivated land degradation
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Note: The membership function of soil pH is calculated according to the
membership function of soil pH in Northeast China of the National Cultivated Land
Quality Rating Index System.
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Fig.1 Calculation results of cultivated land degradation in study area from 2010 to 2020


http://www.tcsae.org

517 W KOXKEE: BT REMASEGR R R R A R LB K6 B 5 277

T REAASE B BHBE LS IR 3002.52 km?,
o DX R S T AR B 37.80%, 5B AT AEBE 51X () 6
AN ppeh PR HLX, HALX 2 IO A (B 1es
Bl 2¢), HrgriR. X dEEE BB R AR H )
L B ETEAR 2 B 813.25. 687.14. 595.43 km?, =
FIBL B TH AL A XSGR A S TH R 69.80%, At [X
BLB B Ak e A PU AR X B . 6 T o AN AR S LA )
FF bR A 5 B S A B I e AR v, AR R B
Oy A HEAE, LA R R b RN R R R b B T R 4 A
752.45 km® fl1 1293.14 km?®, WAL Gl R, =E
B SRR 956.93 km?, PR E kA Ho gl B

PR EREF, U 10 7T X HF B L& H™8,
RO E 2 E AR (B 2), dbEfH X 2 B b
SE A= A A AV 2 NS - e a5 I R 18 3
HFFSHEARIA, Wl AR, K2, HhfE
SR DRI 3G, S 5 2B A LR R A
B RO, R 2 A RS AR AR R, ARt
B PR ik, SEEEK SRR, IR
TR AT R, T B R R R . R
W 9¢ X AT AR SE e 7 LR A G . bR % 5
TR, BE5%E T ARHEER. HoK. KHEPPAREILR
Wi, fREE T XEHHH A S R g iR T, (H2R
B RS HARRI R Tolkth. FHE R4
SRR, B X R LIRS KRk,
IR RAK B R, FEOCE RS
B B S RS T B T v, AR RS
MBI EE & T #FHb AN SR 4R 3l, 38 2 [ AH B 5t
TEF, SRl T #FbiR (kAR , o 70 X B JB 8
BN . ASHER I, 5T DR R A I 4 R S B
SEHEH R IR S A A, Bt — e T AR 5 TR
SRR S EASA A I SRR B IR Ak 12 W 25 SRR
3.2 ETRENESEZRNH RIS

WRMERNAS P& R E R, [ BEEEEE. W
AL HEIBE RN IA B TS YLt AF 5T DXOBE B A A AR A B
R (P<0.01), HAMAEZEILLN (VIF ¥/ T 3),
KA. MWEESE. Wk, RS IR ST g
& S E 7T X R AR B IR L OCBE B AR SR R S AU
RZ, RWRRET RS HbIE (LR L
AR AT FR AT R
3.2.1  HHHuBALY RIR M FraE

Al FEBEE R AL ERRE ) AR TS g
5 AN [ AR 25 M A A 2 22 B SR IR 38 78 AN [R] [X 3k 0o 3
F 5 B AN AR 2 AT R R Ak A B R AL AN TR,
I I DX A ) S, 3R IR R A R L
HAA XM (E3).

IDIEELS T8

AR AR B IE A 1)1 P AR ER AR T R A
FE R4y Xk R BN B E R e, BkE
% XA AR T AR R T BBk, RN X I S B

AR, R % DR T R A T B R
W 3a) o IR T 5 T2 PR A B 2 A
IR ZER SRR A ST, SRR R K
RREE, 5 U e T B I R R A R I, X
SN I R N e RS2 B U K P RR AL, BB
M AEFERE ST, B AR AR R, R G
FE LR 73 D 3oxt BF 3R A BAT S 4R, XSk
612 DX SR W e L PG N FE v 1 B AR IR BFRE T
FEAR T RV A R XURS:, BHES T Bt s R A AN A 2SR
s /NS 7 DXIORE A 8 o JRE 0T A9 b R A LA I fr i ik
TR, X R Z X IR A i P A B e 3 1 Bk o
BE, freidt 7B RSN, G T PR (& 3b) .
T W 75 P 5 AR A B O S oo, BB
w SR, MR R R BT A, St
GO, OREF 3K, Biibk ik, f£—ERE R
IR IR AL KRR o IR, R T HE N
MR e N, SR AERMALRLL, PR IR fRoK
BEIAIIE Sy, InRIBEIR A

2) HEBTHEER

IR AFCA A A o A IR A0 B AT I 3 A A R e a1
Fe A AEDT T X I P LA P R X s ZESRAEAL R FR KR
i AR R X LA S g R Y, XA R AR
BB RENS T i Bt b ) 038 B8 70 AN 52 1 DA 2 i Bk
HUBALPS CFE] 3e) o AR R IR o o 7 A i R 3
AN TG G 2 A A I, S Bt A 1 15 7
ANGRPE, FRARPR B ES KRGS IR, BT
NEL KBRS BEIRSE AT 0 BC, AR 70K
SRR ORI AR AR, e i B i R A .
VR R 7 78 Ao B R AR B I 28CR S B b e 6] 1] 7
S 32 T UK 53 F) 22 1) A SR, R b XA T TR ST A
Ho# 78 R KU R pH A, ik — B 5 TR RE
by S SO S R IR A AR RSB A R BT AL B X K YR
BORwZ, EERTHEBAE W M LIRS ETE . T
FAAEE ) DA ) A MR AL T 3d) o 32 M e 5
BLRENE YR FF LIRS, fRem HaRIE Ty, Pk TR
Kok, R ER AR, A B TR B R, R RE
ke VRE <5 ey 2 R B FT B i K > AE SR IR
ARTASEED, RUmEs, KR EER, 5
SRR, 5IROKEHE. L. LIRS L
WEER R, SRR . 5T R B iR
PR AR, U HAE B AN 4 22 28 57 R R 7K P AR L
FLEE 5 77 PR A5 YR B T IX R B AN AR 3 DX s #F 7 X
VG S DX S AL A A 22 20 5 SR AT R TR, Bkt 2
MBS Qe e, 0Bk IR A B AT — i B i 4
(B 3e) o IRAHAL AN A 22 28 35 i J e 2 v T 7™ 2R K
IR R A AR HEBGE A, 2R R
BACPERT, S IR AR, TR R A
WENANE R, HISg SRR EEAKE T,
SRR b B A Pk AR D)
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3.2.2 HHLBALH I BUE R A ALIE

TR SR AR AN S 2 B S R 3R A B R AL FR AN
[ R R i BT 4 o 2 R A 25 LR R A R A R i
LI [ R Ra e, 4Rs T BFR AL AR L2 B AT B
TR B (R 2).

AR AE A R B B B R A f R AN 2, R
JREAE TR R MRV B KR, (N
X B IR A 1 T RCR AN BT s RO o D A LR
PR L BORTE Q50~Q90 Bir B i %, Wk A 78

a. iR
a. Cultivated land quality
degradation

b. FHAE IR
b. Cultivated land ecological
degradation

it JE A v R R B R TR A T 0F A e R Ak 1 o 4 T B 0
BT B IR K I AR TR AE Q10~ Q40 B BL & 2
2 W IR AE T JRE AT R 2 AR A S At IR A Y e 3 AR
FVIZ W08 595 HETBE AE /0 15 B R A6 Y B B B b 3
A A S AR, B R R A R ) A AR
JH 20R 52 B 5 1 i Rk 58 PR AR A 9 IR NS e AE
Q30~Q90 Ffir B xl k1t 3B 4o ) 47 1 41 FH 28R e T 1 3
IS A S, AT LA H B A P R 0 R ) T AR A I
15 G (1 fre 4 FH 32 T 5k

kL

— 1fi % City boundary
— H ¥ County boundary
JE#F HiNon-cultivated land
AIB L HHHUndegraded cultivated land
B 2R MIldly degraded cultivated land
0 R e HH i Moderately degraded cultivated land
B 5 R G b Severely degraded cultivated land

c. BB HFPHEIE L
c. Cultivated land degradation of quality and ecological
mutual feedback

A2 20102020 A7 5 XA # B A64 72 18] 5 B
Fig.2 Spatial distribution of cultivated land degradation in study area from 2010 to 2020

—— 11 %tCity boundary

[DIEES o
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Regression coefficient

<030
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b. TR i

b. Vegetation coverage
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a. Temperature
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c. Urbanization

JE#kNon-cultivated land

[RLEES: 4

Regression coefficient

[RIEESS
Regression coefficient
<020
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e. BETG Y
e. Environmental pollution

d. WEBLAE

d. Irrigation capacity
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Fig.3 Estimated parameters and effects of influencing factors of cultivated land degradation in study area from 2010 to 2020

3.2.3  HH BRI R mALIE

T IR A A 22 G2 5 I DR 3R IR 2EL A A B 45 2R
o 1T S AR S B A R A 1) S LB B
R MMM (K3, HEKLEERRLSRERN,
R R R — B3N T 0.9, BRE & ORI
DRI 25 A B B RS R A b IR 0 = A () S B 5% 1, BB LR
B = A R 2 P OGRS i R R W AR 45 R, FR{ AT

FE4> MG B0 E — B R Z B IR Ak e A LEE ) 2 AR 4%
HFRHERR. SHECH AN EIME. AL
AR AR PR R ACPY, 3 PR AR P 2R S A B A SR AT LA
BIFE o o i KSR 2 AR (R 3D, MR &MAHE
SRR —EME N 0.884, BTN 0.425.

Horr, MR R8N 0.883, JFURE RN 0.373,
SRR JE T %0 SR, MR R FE AN AT )R
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THIB AT MR 2 S0y 0.896, JR IR E Y
0.377, “RAIBERLE T2 0ok A, R o5 A e
JIE TR . HBWA 2 581 ML, 742 1R
e TR 1, R s s, AT AT N RS A
MR FE 7 SR AR LSRR . IRIBASFR R, M b

A e 2EL 2 A 0 25 1 B L B 2% A O 2 RR 5 7T LA
o, PIFP AR R R AR A B R R R, 7 4l
FLCEBOE SR I S g, R IR, A
AN SR DR 2 A AR AL R A P A AE AN [ B L B 4
LA FRAEA R ISR T B R A T BT BrtiR AL

Fz2 20102020 EARXHHBUEMEAEZAN DML VIAZER

Table 2 Quantile regression results of influencing factors of cultivated land degradation in study area from 2010 to 2020

. , BRI rh R AL IR
Key ﬁﬁ?ﬁfn fctors Mild degradation Moderate degradation Severe degradation
Q10 Q20 Q30 Q40 Q50 Q 60 Q70 Q80 Q90
A /= 0.121 0.128 0.127 0.165 0.128 0.115 0.081 0.061 0.046
A i (0.41) (0.13) (0.12) (0.15) (0.13) (0.14) (0.12) (0.16) (0.48)
Natural R 0.016 -0.017 -0.068 -0.052 -0.068"  —-0.107" 01217 01567 —0.142""
Conditions L (0.48) (-0.29) (-0.76) (-0.97) (-1.67) (-3.29) (—4.96) (-8.24) (-5.91)
. 0.230"" 0.236"" 0.160™" 0.087" 0.041 0.024 —0.004 —0.034 -0.017
Z:?F e (10.16*)** (4.322** (3.981** (2.202** (1.16)** (0.67)* (70.12)* (71.102* (*0.77*)**
I’zlz WELAL —0.149 —0.212 -0.215 —0.143 —0.082 —0.073 —0.054 —0.060 —0.092
Social coonomy (-4.93) (-4.28) (4.18) (2.74) (2.14) (-1.68) (-1.70) (-2.56) (-3.99)
factors Rk e -0.088 -0.132 0.295 0.215 0.178 0.121 0.079 0.063 0.064
(~1.45) (-1.31) (-3.46) (-2.88) (-3.63) (-3.02) (-3.01) (-3.89) (-2.73)

E: Q10~Q90 AR AF 7 M BUK T 4 SHIAIE S WET /0 A N EH R EAN ¢ fH; *P<0.1, ** P<0.05, *** P<0.01.

Note:Q10-Q90 represent different quantile levels; The numbers in front and parentheses of the brackets are regression coefficients and t-value;*P<0.1, ** P<0.05, *** P<0.01.

&3 20102020 FHRXH R U NE RAAESH LS
Table 3 Results of configuration analysis of influencing factors of
cultivated land degradation in study area from 2010 to 2020

PERG IG5
pEthpsg ORGSR
B A 0SS Necessity test result fesultys
Key influencing factors T EEE  GE1 ME2
Consistency Coverage Configl Config2
H R %A I 0.775(0.527)0.738(0.559)  * *
Natural conditions i 8% 7 £0.626(0.656)0.621(0.666) ¢ A
. . WAL 0.664(0.656)0.707(0.622) % *
DLV E oy
LR R HEBEAE 7T 0.648(0.671)0.645(0.679) — he

Social economy factors s
Y RIEF G 0.606(0.683)0.602(0.693) ¢ —

e 3T HURE S o B 2 ) R R AR T T RIS 58 155 T8 6] (a0 ZE AR AGL 56 45
B KARRIZOFMANIL, SRREIFAMI, —FRFMTET T,
Note: The values in front and parentheses of the brackets represent the necessity test
result of the original situation and negative case,respectively; % indicates that the
core condition occurs, ¥x indicates that the auxiliary condition occurs, and —
indicates that the condition is optional.

B2, BHIIBAAZ AR KA AN S A TR N R
S, AEANR] X IO B IR A O 1 P AR 2 S B 1]
FEE, FEAN RSB BOR B3R Ak (R R S B
IRV AE AR, AR A2 v A A [ AL s 5 4 P [ A
TREHBRAL, FEETE AT AR A 1 XA L B B
ZERIPERZ LR
3.3 ETREMETSHERMNMIMIRLIGIENR

NG T I F R R LSS, ARG EHTIX
BE AN A S AR IR AR A R IR 23 20 R ARFAIE 2 DX
B BOPE AN PR LR, 3R DUF AR AL iR B 5K

s HBEMHb Y XEEER. TR RER, A
IRIKAFANA: 2> 20 5% IR R AEAS [ X 300 Bk 3t 8 A6 1 1 2L
REDH B F R B e, KA T4 & PR AL
R IPERZ LR, SR . EBIX . A X AT 2
DX, Geih e s 2 AR gR e ROR, LI E BF R
A XU B E ft . 30 DX AE DR AR AL R i R TR, 7
25 G Bt U A KRR AR A FIR DL AR A
oK, A EARRARAE YIRS R, s AR B KR it 1
it O AE P M ESGE, B m AR AR P R s AE B S B

B BCAL s, DN R g . R AR AR AE,
Ul ST SRS B I s IRIROK S R R
AEEIRE, RIS RV B R SRR . SRS X R
T2 B MR A A T R B, RS AR b AR 7 s ]
FINBURAL AT AKREB AR, 58 35 A K B I A A 2
AR, AR AT, B RKRIEAORI AR
PP RO S e AL A BTG 2R A A T, 4 A A o
B, EETIR. EAMEREDNL S, BRE R KK
A, SRR Z AR, SRR ORI A S
RGN R E M. A X 7R IR AL R B4, FikE
M AR LA, INSRBOR . 816, BORSCRBCE A
PRI, R AR B IR AL RO S s ) E A AR
B, SURAEHUR L X ISR BN T AR FAHE
WAEF B RE B 5, (RS RANER
FENT BRI S ORI RAEHLE], B R 2 e
AE RIS, BERAKIE SR S .
B EALBHb Y B AR SR . BRI
BIE7E DX AL F (0 B 3R A e o 7™ E, A T AR P A B AR
WAL UL, SRHE R M K 3R AE A [F) A R B B iR AL
(IR PR S T H e ) AP A, TR 5 AN R] X 8
M IRALRE B 2 B B 52 i AL B R BB 0 1 1) v B e
Pt EE, EREGRAHBXEREL “ NTERHT AR
NE, A EHREARE SHRE RN T
Bt WSInE IR e B 100 IR A 2 B S Y
WEEF B A s M EY o R R s i M+
BAEIT AN R AR A H AT B 5, B LA
FRPERT, SEANME R A, RTEBHE SREOE L
el I RERHWT . R s BAH S5 & 0007 S @Bk AR S
TSUAALERAR, AT RS R X A SR AL R
FER LRI DL “ BRI R G RRiE” E, "
o BL e RAERERT . N &SGR T i
HASHERK LB R BH2IE AR, A pLs, STt
D) AL AR AR AR AP, SEEOKE.
SR FH A B A P B A B0, AR B AR S 4 E AR
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&, MK LARFE TREDE ST, Bk R R AT K )
RIST B A S RGO IR . 755 R IR AL B X 8 DA
SRR MEE” N, alE S IE A R E A
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IR EL T R N S #E AR ESBE. Rl EREE K
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T RIEES 2 mpE SIS EAE, KEFKEA
IR A S A5 R R HE LI, ML ER
PrlEvE EAR S, BRACHE B XU o 5 A0 b 7 BURFAE
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SRPIEIIIRE T R RIERF RO E AR 3 W RE B
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4 ¥
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FEH LR FH 55 7 4 1 RN 22 5 2K P R0 Vi L 1) R s SRS
AF T RPN, S hEEE, FEMxEE
TIBAL B v B S, 7E — e FE R b A hg ST BB
Mo & ARSI AR SN AT K R B 1 B [FP 3T
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Influence mechanism and governance strategies of cultivated land
degradation in Lower Liaohe Plain from the mutual feedback perspective
of quality and ecology

SONG Ge , CAI Zhaoyang , SUI Hongjun , SU Ruiging

(1. Department of Land Resources Management, School of Humanities and Law, Northeastern University, Shenyang 110169, China;
2. Research Base of Land Use and Protection of Liaoning Province, Shenyang 110169, China; 3. Key Laboratory of Land Protection and
Use, Department of Natural Resources of Liaoning Province, Shenyang 110169, China)

Abstract: Cultivated land degradation has seriously threatened to the national food security and sustainable land use. Among
them, the sustainability of cultivated land can decrease or even completely lose, when it is subjected to the external disturbance.
This temporal and spatial evolution can represent the cultivated land quality and ecological degradation. Significant mutual
feedback between them can also impact the cultivated land degradation. It is crucial to clarify the mechanisms of cultivated
land degradation and governance strategies, in order to ensure the national food security and sustainable utilization of cultivated
land. Most existing studies have been focused on the evaluation and monitoring of cultivated land degradation. However, it is
still lacking to consider the "comprehensive" interaction between the quality and ecological degradation of cultivated land.
Furthermore, it is a high demand to clarify the influencing factors and mechanism of cultivated land degradation for the
effective countermeasures. In this study, a novel system was constructed to measure the cultivated land degradation from the
mutual feedback perspective of quality and ecology. Shenyang City in the typical Liaoning Plain area was also selected as the
research area. The spatiotemporal characteristics, influence mechanisms and governance strategies of cultivated land
degradation were explored using principal component analysis, objective weighting, exploratory regression, geographical
weighted regression, quantile regression, and fuzzy data set comparison. The results show: 1) The proportion of cultivated land
quality degradation was 35.31% in the study area, indicating a "strong east, weak west" spatiotemporal pattern; The proportion
of cultivated land ecological degradation was 79.10%, with the spatiotemporal pattern of "strong north, weak south"; According
to the quality and ecological mutual feedback, the proportion of cultivated land degradation was 37.80%, indicating a “strong
north and south, weak middle”  spatiotemporal pattern. 2) The temperature, vegetation coverage, urbanization, irrigation
capacity and environmental pollution were the key natural conditions and socio-economic factors, leading to the degradation of
cultivated land in the study area. The spatial heterogeneity was found in the effects of these factors on cultivated land
degradation in different regions. There were the non-stationarity effects of development stages on the cultivated land
degradation. Different structural configurations were formed to synergistically affect the cultivated land degradation. There
were the regional, periodical, and structural influence mechanisms of cultivated land degradation. 3) According to the intensity
of cultivated land degradation in the different regions, the different influencing factors and the action path of multi-factor
combination, the graded and zonal protection of cultivated land was established to utilize and control the multi-factor
concurrent collaborative governance and security path. The impact mechanism of cultivates land degradation was obtained
from the perspective of quality and ecological mutual requirements. The finding can provide the policy reference for the
accurate, efficient and collaborative management of degraded cultivated land. The synchronous quality and ecological
environment of cultivated land can be expected to resist external adverse factors.

Keywords: cultivated land degradation; ecological degradation; cultivated land quality; influence mechanism; Lower Liaohe Plain
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