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Optimization of strategies to promote cropland rotation in the
black soil area of Northeast China

TENG Yun, SUN Yue
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract The degradation of black soil in Northeast China seriously threatens food security and ecosystem
balance in China, and farmland rotation is an effective measure to protect black soil. In order to promote
farmland rotation and improve the quality of black soil, the farmland rotation of farmers in the northeast black
soil area was taken as the research object, and the government, village collective and farmers were
included in the same dynamic game evolution model according to the principle of game theory. Through a
numerical simulation, the decision-making characteristics of tripartite subjects under single strategy and
combination strategy and the evolution trend of tripartite behavior under the change of policy conditions
were compared and analyzed. The behavior characteristics and complex game relationship among relevant
stakeholders were explored to optimize the farmland rotation strategy in the black soil area. The results
indicate that: The single strategy has a limited effect on improving farmers” willingness to rotate crops and
can easily lead to strategy imbalance. The multiple strategies significantly increase farmers” willingness to
rotate crops and the game system converges to the ideal state faster. Implementing the single strategy or

the combination strategy has significant differences in farmers” rotation behavior. Among them, when the
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single strategy adopted by the government and village collectives only exceeds the threshold, farmers can
actively rotate crops. However, it causes a phenomenon of strategy imbalance; The synchronous
implementation of the combination strategy of both reward and punishment can avoid the phenomenon of
single strategy imbalance, and the combination strategy promotes the game system to converge to the ideal
state faster than the single strategy; The improvement of soil quality and the increase in economic income
have a significant positive impact on farmers” crop rotation decisions. Therefore, it is necessary to focus on
introducing behavioral outcome feedback and behavioral benefit acquisition strategies, and establishing
long-term mechanisms to strengthen farmers” crop rotation behavior. This study provided a scientific basis
for promoting crop rotation in the black soil area of Northeast China.

Keywords cropland conservation; food security; crop rotation; strategy optimization; evolutionary game;
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Fig. 1 Dynamic interactions among the stakeholders of cultivated land rotation
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Table 3 Eigenvalues of equilibrium points of three-party game model
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Table 4  Stability condition of equilibrium point of three-party game model
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Table 5 Initial assignment of three-party game model variable parameter
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&, government; y, village collective; z, farmer. The same below.
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Fig. 2 Evolution path space diagram of subsidy S,
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Fig. 3 Evolution path space diagram of reward S;

SRR XN 3 Bh e VR A P IS 3R B AR Ak
AL ZR 25 R 2 . B4y BIAE 2 50,100,150,
200, 5 A5 ANl 4 B o AT WS i3k B 0, =
7 8 Ak WS SICE B ARCR 2 T I 1R AR D Y B % R
KZE 150 B, & P AR O s 4 . MTE fk i 34T
DLE B $1 3K B 3G K, R P 3h 5 VR o 38
BT BORH TR AR TR P AR R R A SR
W A TD 22 08, 386 in A P G, R A A RRUR 4 A7 M R
U 1K7 A 2= = | I I~ N 15 G T < A
B B A FRAR AT AR R

4 TIABEAEE=EE
Fig. 4 Evolution path space diagram of fine B

r [ %71

https://www.cnki.net

3.3.2 REAE YL RAEHH

BN %5 T F s e EL AN S, SRR A T &2
BNACAEA PR S W 35 A8 A0 X b S R Y 52 o Tl
SCHFFER B, S INEUN 257 Esh i AER AN S, 2
200, B G AR AR 25 T E SRR AER PR S, 2
40, B To I AR A PG o U IS AR AL 2E JL LR 5.
ALUL: 2 S, = 200 B, Sy 38, =07 T AL WS 3 BEARUIR
25 B ) e /0, 242 06l S, T T K 2 30, A Pk
A5 E BN FEAE  BGE Y AT BR324 AL
AL 230 TR, IR B UH A P RS, AT
AT LB 1,24 S, = 200 I, B 22 5l S5 36K, 4
FUESNSEMER o B W LT R T LR KA
e A R T E R . Bt R Y
R VEREE , UM 5 SR D3 [F] 5 R A2 A S,
A P VELE A IR, SE RS R 1 BARIR A .

5 KRS IS, HUBKEEE
Fig. 5 Evolution path space diagram of reward S; and

subsidy S,

3.3.3 ZHEYRERESN

BUM %4 T E AR A S, MRS T F
BEAEAR P 2D S, 5 A AR AN E SRR A ik
I B = AR A AL B S . I ST EA R
St Aok R v, SR N BORT 45 T R SRR AR P AN S,
& 200, B A LR LS T T SRR R S, & 20,
oI R SRR R S AR AR P IS R B &
100, ¥ vk A e P VE SR B o IR 6 AT DL, Y
S,=20.B=100,S,= 200 I} , £ & 5 W& Y 52 s ffi
=7 T ARSI B ARCR S BT I TR R A A P A A
S EhEEAE . DR, B EORT B b A AR AR AN I A
HTh ] B B AN F AR AT S STk, AT LU 2 0
BN, BE R TR P AR R . A AR BT



r [ %71

57

=45 Mg R AL R b DOPF MR £ 1 S mg AL AF 5T 47

VA S BUN 45 T E S fe 4 #h il S, 48 71 2 200,
ARG T ESh AL RN S, 48 T 2 20 A 44
Xt A T Bl e AE A T OBCTT R B 4R T 2 100, K& E
SRR 2 REH I, X Eh T2 ek,
2 AW [R] 20 i E 32 TH A P X e AR AT S g, B
K E BRI .

B6 RS, FIFBIMAMS, B EETE
Fig. 6 Evolution path space diagram of reward S;, fine B and
subsidy S,

AT 9 ok 3l P R0 7 2, VRS
BT 7R S U AR P A M A 0 e
FOHA AL ST R B, A P e AR AT
I 7 2 R 240 TRWLAE A8 A P
Z E AR ORI IR A BB X R
G 4 B0, WA P B R g R
MG 8 060 6 3K 1 2 R 2 AL T O A A
FRYE R 35 . CF0 B4 18 A BF 068 80 90 0 A 25
S L ) T

TR SC B2 7 A P T ) T S
SR A 7 0 KUY R BOR A A 4
o LK HR A T — 5 R A P I e R AT T
T (L R0 i BB . AR 9 a7 2
GIHTE— 25 5 B, M B RN X A P T
A F T B L 50 S BRI 9 2
445 51 W B B B AR O BRI
2T A W A B B 5 T A 2K
IEATHT7 3 L B 05 T A BB S A P 515
P o 3k WL E B A B L AR I T
S5 45 R S o K2 SR P AT

https://www.cnki.net

FR R SR R B B — B

PATEBE S 2 5 5 T 50— 19 S0 B0AE 31 3w ix
L W A7 AE W R B R PR o B — B IE 1 R AR
REASAE — %E F2 JE 1 W S A i BUB A, (HL Bk = Xk
P B A AL 5 B0 A AR 3R AT AN IS AT
AU EAT AR 55 B — i B 1) 2 B AR g
G I8 1 — & 9 BURE T, B 5 5 R A B 1K fih A
a4, Hh Z XA A7 D9 B IE 1] 51 5, 3k LR A
1 E PR AL Z R A SR i
Jil b 2 5 A T A8 R O AT B4 2L SRS T8 5 Y S 24
WRARCE LS, E A 5] R AT XA
M AN AL T IR TR — SR 4 SRy BR M 3 i E e I )
P 5 G 1) 24 SRR P (R VR R B O Y 25 8K
A, T AT RO AE Sl A P B REARAT O . X — g
5k B AR I S B 5 2 R G A 45 A X
A& AT O B R i S 2 T R A A 4598 — 2.

BE b, B8 A B S it 5 28 22 05 P IR 4 ko R AR A
B R 55 4 P 22 18] B 2 AN A RE 8% 368 1o 2 il
T AR LR R AR P AT 0 O RE O B R 48 T ALBOR
BAG SR TR P B RS AE B R B A BE 4 B A A
BOR AT RE 1 2 R Wi FAR R e 4% . DRI, o 2
JRF AR A B 22 W 4 S AR RLBOR PR B, 53X 5 PR - 551
B A B 57 I BT 4 0 R AH A AR 3P AT 55 19 R AR
PRIEAT 2 FEAMEE A WL — B (EAZ IS X
2 % G e S B A A AR b AT RE A AR B B0 T
AR AN AH I 15 Bl 19 XU, DA I O 5 B0 & T 4
4 LKL AT o I e

BT Z A 1 T O A SRR R A ] —
WESEHESL , RGE oM 1 22 05 EAARAE B o 5 A v 5 3)
KAMMEIE R, 5 LIEMT T L, i i 8fE fy 5
B8 T BOR T ARG A S 2w, Rk 1
2 05 WM 0B 4 A DG A A 52 B DR el T 4R 2 R
JH B0 S SR, O AR S DB e A0 4 T 2 3
TE RS SRR MR R R o ROk FRATTR A 1
S i 1) 4 9 28 MR RE A B 19 Ge it A o B, it —
AL FE4S

5 ZR5EIW

5.1 it

R BIE 5 R A DX b A AR TP O R A AR R
ST EARAAT St SR AL B T 2 v Al A, R
WS IE -0 A - B T B - BOR AR 19 W ST HE 42



r [ %71

48 R R A R R

2025 4 % 30 &

IS . EEEIBMT .

1D S B — 5 W CAn 15 o 0 bk 585 30O X DL A
BLSCARAR FAT O, A8 o 22 5 B VR R 4 A
b, 7 B S0 2R 4 M AR B 4 K 0 B A

)R RAETIHOR A A xR PR E R IR A
B E R Y B A I IR B R K A 2 (E
PR E WE R R T RALRE

30 WA IO 36 > B2 8 H VR AN U ] I 35 N7 I
G SCRRAT SRARTT B VEHET™ 5 A AR AR 55 38 i x4 72
AN X 25 TT B LA A D I A S 5 A A AR
FH S ST K
5.2 IREW

O & B e AR iR A T s . NIF SR &
FORF , — 2 BUN T 220 Bk %6 1 3547 4> 1 R 40 1Y)
T A I R X R A A R Bk O B BT B 0
BE 4 ok SCHF RN R R P AR AR SR AR R 51 5, LA K
o SRR TF 45 T AR VM ) R AL T R 2 X
VIR o (e Rl N ik AR (B R E SR
B 5 =, AR R A B R, A o AR b i AR K T it
FH B AR 2 23 5% WA YR AT 0K 7™ 1, Ay a4 1 288 ) 8 &
A BURE I #E 2 H AR QT f sk R 25 i) .

Ff B A 2 BN T AR 5 AR A ] R R
B FE 45 KT, —J2 b A R B 2 BURF BUR 9 5 %
PATH AR PR 25 PR o A TR S B
At NG, A B 84OR) )  1008% 4 R4 AR
TH AR R UG R 4 el B R R BRI R AE L
AT R AR BUN 5 & P T HA BRI
FeAE PRI, W0 45 J7 BURI SC 55, X 4R 45 8 AR b i H
KIBAT UL A P L AR Sl it ; =R R KIS
FIia B S KRB ERMA 2 IR, A A&
W0 26 1) 1E ] SNV F B 1R P AT Y

A P IR B b FE A S o Ol R AR R AR B A AL
St I 12 1E SR A b ) R AR SE R R P TR E £
75 TSR BUAT By, — 2 B R ) N BT R R AR RS
A5 BT RAR UL, i B IR S 4 T %
P M OR AP R AR A A B B 0N KO R AR A
e Bk WL, s T RESL PR R R AR P E
Bl 55 S 50 AR 8 iR K P B R T 43 VA AR RS AR
FH G B AT i 45 B SR s =02 A P K A BT 3K
SR AT o 7 vp & B ) DA R R AR 52 B il F) Y
PRI M B B 2t A SBOJRE A 4R ARG o it 5, S5 3R
EVE T B

https://www.cnki.net

S # T Ht References

[1] ERE, ALE, TEN. 2FRETREEBTREFERERL2MNE
BRESHREE[I]. KE, 2022(12): 66-77
Wang X J, He L J, Wang G G. Logical thinking and strategic orientation
for safeguarding China’ s food security under the global food insecurity
situation[J]. Reform, 2022(12): 66-77 (in Chinese)

[2] RUH, BEREREEZ, MEHE, BLFHRD, RERPE, KRB, R
Wi BRERMESR MBE B+ FIRA FERPE KRB FEOE(E
b B T RP MK RE(2017—2030 F))RIBH[J]. REAREME R L
BB, 2017(7): 50-54
Ministry of Agriculture, National Development and Reform Commission,
Ministry of Finance, Ministry of Natural Resources, Ministry of Ecology
and Environment, Ministry of Water Resources. Notice of the ministry of
agriculture, national development and reform commission, ministry of
finance, ministry of land and resources, ministry of environmental
protection and ministry of water resources on printing and distributing the
outline of northeast black land protection plan (2017-2030) [J]. Gazette
of the Ministry of Agriculture of the People’ s Republic of China, 2017
(7): 50-54 (in Chinese)

[3] YuP1J, Liu SW, Zhang L, Li Q, Zhou D W. Selecting the minimum
data set and quantitative soil quality indexing of alkaline soils under
different land uses in northeastern China [J]. Science of The Total
Environment, 2018, 616: 564-571

[4] EF.90. BRIEABIRKEIREDSRBESNI]. KL REHE
%, 2013, 33(4): 8-11
Wang P, Sun T. Dynamics and causes of soil and water loss in black soil
region of Heilongjiang Province [J]. Bulletin of Soil and Water
Conservation, 2013, 33(4): 8-11 (in Chinese)

[5] 7 HAANBIXIERENXEERREMEXR~EONE WD) &
e EHEIAE, 2023
Fang W. Key indicators of soil quality in typical black soil areas and their
impact on maize yield[D]. Guilin: Guilin University of Technology, 2023
(in Chinese)

[6] REL, KE, FEX, KLF, EAF, HFR, KEF, =FF, B#F
7, McLaughlin N B, 1§i# . FItEB L RRFPEHEHRRAR S5 B2
R[], IR, 2022, 42(8): 1325-1335
Liang A Z, Zhang Y, Chen X W, Zhang S X, Huang D D, Yang X M,
Zhang X P, Li X J, Tian C J, McLaughlin N B, Xiang Y. Development
and effects of conservation tillage in the black soil region of northeast
China [J]. Scientia Geographica Sinica, 2022, 42 (8) : 1325-1335 (in
Chinese)

[7] sEslE, WBE, TR, HKE, 258, EKE. RANE T XEH
EEEFRANAR)]. BL58RREMRE, 2023(1): 32-34
Fan YK, XuZH, LiX T, Yang X H, Jiang C H, Meng Q F. A study on
the soil production capacity of cultivated land on slopes in typical black
soil areas in NorthEast Chinal[J]. Territory & Natural Resources Study,
2023(1): 32-34 (in Chinese)

[8] M3, HAIM, RR#E. RARLUATRBHELENERRHINES
F s AMSII]. R ZFEM, 2023, 44(11): 27-35
Zhang M, Du P P, Qin J Y. Factor driving mechanism and interest
coordination mechanism of agricultural land system reform from the
perspective of food security[J]. Issues in Agricultural Economy, 2023, 44
(11): 27-35 (in Chinese)

[9] K. "RPE" THTHESKR: ETFFARREFXHBRERD



et

57 =45 Mg R AL R b DOPF MR £ 1 S mg AL AF 5T 49

[10]

[11]

[13]

[14

[15]

[17]

[18]

[19]

[20]

r [ %71

AEIR[T]. Rl ZFFER, 2019, 40(10): 89-99

Guo Q H. A discussion on the quality of farm land in the primary grain
producing areas in northeast China[J]. Issues in Agricultural Economy,
2019, 40C10): 89-99 (in Chinese)

HRE, BXF. REFLBLHRPESEAMRANRESEYLI]. FE
FEEBERBETI, 2018, 33(2): 206-212

Han X Z, Zou W X. Effects and suggestions of black soil protection and
soil fertility increase in northeast Chinal[J]. Bulletin of Chinese Academy
of Sciences, 2018, 33(2): 206-212 (in Chinese)

F&, k. PERLREARSHEXNEKD]. FEXARSHE,
2004, 18(1): 99-103

Yu L, Zhang B. The degradation situation of black soil in China and its
prevention and countermeasures [J]. Journal of Arid Land Resources &
Environment, 2004, 18(1): 99-103 (in Chinese)

Li X Y, Wang D Y, Ren Y X, Wang Z M, Zhou Y H. Soil quality
assessment of croplands in the black soil zone of Jilin Province, China:
Establishing a minimum data set model[J]. Ecological Indicators, 2019,
107: 105251

BRvte, XIESR, BRFR, ExCUE. (EMSHERIE TRARRBEFN
REBRAERHEL]. RUFFESHEEE, 2025, 42(1): 149-158
Chen X Y, Liu Y Q, Chen M, Wang W F. Impact of crop diversity
(rotation) on quantity and spectral characteristics of latosolic dissolved
organic matter[J]. Journal of Agricultural Resources and Environment,
2025, 42(1): 149-158 (in Chinese)

Zhang Z Y, Zhang X K, Jhao J S, Zhang X P, Liang W J. Tillage and
rotation effects on community composition and metabolic footprints of soil
nematodes in a black soil [J]. European Journal of Soil Biology, 2015,
66: 40-48

REEH, =UF, KW, FRE, G RELESEEN LEANKRR
HASMEERSNFMI]). LHER, 2020, 51(2): 416-422

WuP B, LiLJ, Zhang Y L, Li X T, Yang F. Effects of rotation and
fertilization on soil organic carbon and its fractions and soil nutrients[J].

Chinese Journal of Soil Science, 2020, 51(2): 416-422 (in Chinese)

] Liu X B, Zhang X Y, Wang Y X, Sui Y Y, Zhang S L, Herbert S J,

Ding G. Soil degradation: A problem threatening the sustainable
development of agriculture in northeast China [J]. Plant, Soil and
Environment, 2010, 56(2) . 87-97

Salado-Navarro L R, Sinclair T R. Crop rotations in Argentina: Analysis
of water balance and yield using crop models [J]. Agricultural Systems,
2009, 102(1-3): 11-16

E=RE, X B, FHig, BBk, XTI\, Ak, IRE, HEE =78, £
B4 . NERLHREG REERKERE)]. FEMZRET, 2021, 36
(10): 1184-1193

LiB G, LiuZ, Huang F, Yang X G, LiuZJ, Wan W, WangJ K, Xu Y

D, Li Z Z, Ren T S. Ensuring national food security by strengthening

high-productivity black soil granary in northeast China [J]. Bulletin of

Chinese Academy of Sciences, 2021, 36(10): 1184-1193 (in Chinese)
ALER, HE, BFA, K&k, WRE, FHRE, 58, KE, RH.
RWERTFWATREJ]. KERL, 2024(4): 36-39

Kong D W, Tian J, Shi Q D, Zhang Z Y, Liu L L, Li X D, NiuR C,
Zhang Y, Song L. Soybean industry research report in Keshan County
[J]. Soybean Science & Technology, 2024(4): 36-39 (in Chinese)

ER, MER, TR FLBIRHMMBEBRORPANSMEZE:
EFERTL466NRANEZIESHI/OL]. FERUFEFES KL,
2024: 1-12 [2024-08-30]. https://kns. cnki. net/kems/detail/11. 3513.

https://www.cnki.net

[21]

[22]

[23]

[24

[25]

[N
=

[28]

S. 20240829. 1504. 013. html.

Gong X, Du G M, Wang L. Farmers’ cognition and willingness to
respond to farmland rotation policy in black soil region of northeast
China: An empirical analysis based on 466 farmers in Heilongjiang
Province [J/OL]. Chinese Journal of Agricultural Resources and
Regional Planning, 2024: 1-12 [2024-08-30]. https://kns. enki. net/
kems/detail/11. 3513. S. 20240829. 1504. 013. html. (in Chinese)

RE, KA. FLANBL RFMBERRNZEAEB]. BARES
], 2022, 37(9): 2231-2246

Song G, Zhang H M. Spatial reconstruction of farmland rotation and
fallow in the typical black soil region of northeast Chinal[J]. Journal of
Natural Resources, 2022, 37(9): 2231-2246 (in Chinese)

FIE, FFE, HER, RE . RBH R R L K& ERH 02 mE
R UBRTEARFAGII]. RUZFSER, 2022(5): 41-49

Cai Z, Li S'S, Du G M, Qian L. Impact of farmland confirmation on
crop rotation and fallow in black soil region of northeast China: A case
study of farmers in Heilongjiang Province [J]. Agricultural Economics
and Management, 2022(5) : 41-49 (in Chinese)

BEE, RCF., BE, =2FE. AEESBF AR MR IERFHEL
KRR BRI RRWLI]. EEHIEFE, 2017, 26(12): 2003-2007
Zhao Q G, Shen R F, Teng Y, Li X H. Pilot progress, problems and
countermeasures on farmland rotation and fallow system in the heavy
metal polluted region of ChinalJ]. Ecology and Environmental Sciences,
2017, 26(12): 2003-2007 (in Chinese)

RUE, REMEE, B, WEH, ELHRB, RERPE, k7
BRLF. R REMES B WEE Bt HRD FERPED
JKFER ARl 56 T ED & (£ B R e 7T #5 5 4 R M %1 (2015—2030 £7) ) B9 18
ALI]. REARKIEESREAE, 2015(28): 75-88

Ministry of Agriculture, National Development and Reform Commission,
Ministry of Science and Technology, Ministry of Finance, Ministry of
Natural Resources, Ministry of Ecology and Environment, Ministry of
Water Resources, National Forestry and Grassland Administration.
Notice of the Ministry of Agriculture, National Development and Reform
Commission, Ministry of Science and Technology, Ministry of Finance,
Ministry of Natural Resources, Ministry of Ecology and Environment,
Ministry of Water Resources, National Forestry and Grassland
Administration on printing and distributing the national agricultural
sustainable development plan (2015-2030) [J]. Gazette of the State
Council of the People’ s Republic of China, 2015(28) : 75-88 (in Chinese)
Benini M, Blasi E, Detti P, Fosci L. Solving crop planning and rotation
problems in a sustainable agriculture perspective [J].
Operations Research, 2023, 159: 106316

RFEE, FEL. ARESHETTHMBRPHEARI]. BEH
2, 2019, 41(1): 9-22

Computers &

Wu Y Z, Xu Z Y. Study on the transformation of cropland protection
under the background of rehabilitation system [J]. Resources Science,
2019, 41(1): 9-22 (in Chinese)

Lohmar B T. China’ s Agricultural Water Policy Reforms Increasing
Investment, Resolving Conflicts, and Revising Incentives [M].
Washington: Department of Agriculture, Economic Research Service,
2003

Teng Y, Lin P W, Chen X L, Wang J L. An analysis of the behavioral
decisions of governments, village collectives, and farmers under rural
waste sorting[J]. Environmental Impact Assessment Review, 2022, 95:

106780



50

R R A R R

2025 4 % 30 &

[29]

[30]

[31]

[32]

[33]

[34

w
A

[36]

[37]

[38]

[39]

[40]

r [ %71

Adesina A A, Chianu J. Determinants of farmer’ s adoption and
adaptation of alley farming technology in Nigeria [J]. Agroforestry
Systems, 2002, 55(2): 99-112

KEH, X, BKRE. BAMB BANMENRABIHRPEREST
ARMPHAR]. FERFRSHE, 2023, 37(12): 49-58

Zhang M Q, Liu S, Guo Q H. Impact of government’s incentives and
perceived value on farmers’ willingness and behavior to protect black land
[J]. Journal of Arid Land Resources and Environment, 2023, 37(12) :
49-58 (in Chinese)

B, s, TR, EMR, KET. FLBLRRAPERIEESME
AR RRET]. PERWRE, 2023, 56(22): 4478-4489

Zhou 'Y, Yang P, Wang L G, Lei Q L, Zhang Y N. Optimization path of
the ecological compensation mechanism for conservation tillage in the
northeast black soil region [J]. Scientia Agricultura Sinica, 2023, 56
(22): 4478-4489 (in Chinese)

BEW, BEM, XM, BH%E, KE, SXRIE. REHORERHT RS
RERZ[J]. IHFRLBE, 2022, 50(19): 1-9

Zhao Y Q,Zhao Y X, Lu C Y, Wen F, Lu T D, Zhang M, Duo L H.
Research progress and prospect of rotation and fallow of China’ s
cultivated land[J]. Jiangsu Agricultural Sciences, 2022, 50(19) : 1-9 Cin
Chinese)

Meng N, Zhou J. Evolutionary game analysis of farmers’ conservation
tillage behavior in black soil areas guided by deep learning [J].
Computational Intelligence and Neuroscience, 2022, 2022: 5999007
M. REITHIEREAMBERIATRIN,. ARBE,2016-06-
301D

Xinhua News Agency. Explore the Pilot Program of Implementing
Farmland Rotation Fallow System [N]. People’s Daily, 2016-06-30(11)
(in Chinese)

EAFHTARRRALSESERS. EAFTARKRRSESEERS
XFmiEE L i FE RSP TEMBRIN]. EARBE,2023-10-27(D
Standing Committee of Jiamusi City People’s Congress. Opinions of the
Standing Committee of Jiamusi City People’s Congress on Strengthening
the Judicial Protection of Black Land[N]. Jiamusi Daily, 2023-10-27 (1)
(in Chinese)

FiF, BREY, KA. RGBEEXWHSHERA: LHHIHEMN BLE
fE4E” BB, HHRR, 2023(5): 116-124

Qin T, Jiang Y F, Zhu R. Innovation and value promotion of agricultural
land transfer mode: Taking the “Liangshan cooperative” in Quzhou,
Zhejiang Province as an example[J]. World Agriculture, 2023(5) ; 116-
124 (in Chinese)

Eigis. EHERBERETRNI). £HLHF, 2006, 22(3): 38-41
Wang Z H. Analysis on “reconverting cultivated land into forest” policy
variance[J]. Ecological Economy, 2006, 22(3): 38-41 (in Chinese)
AR RERMATREFIN]. FWBAR, 2023-08-28(2)

Zhang Y J. Focus on Grain Production Capacity Improvement[N]. Jilin
Daily, 2023-08-28(2) ( in Chinese)

Z8HE . REAHET I THHESHMENEITRE: UFMTABID]. &
§: ITAMEXZE, 2022

Jiang H B. Evaluation of ecological compensation value of cropland in the
context of crop rotation and fallow[D]. Nanchang: Jiangxi University of
Finance and Economics, 2022 (in Chinese)

UL, BHS, Mew. BIHMARPERNEIHESRARME]. PER
WK EER, 2025, 3001): 234-249

Zhang F, Han P, Bei J D. Change process and evolution characteristics

https://www.cnki.net

[41]

[42]

'
w

[44]

[45]

'S
>

[47]

[48]

[49]

[50]

of the black soil protection policy [J]. Journal of China Agricultural
University, 2025, 30(1) : 234-249 (in Chinese)

EX—. BRI S THEHSRABLMERPITANHMHARI(D]. B
RIE: RieRlKZF, 2023

Wang T Y. Study on the influence of policy guidance and market driving
on farmers’ black land protection behavior [D]. Harbin: Northeast
Agricultural University, 2023 (in Chinese)

EID, BFRRE. RAHBRPAUTIT? KEBLERPRLES RS
SEWIER[T]. PERLKXZFZEN, 2025, 30(4): 269-285

Wang S, Yan T W, Chen S Y. How is it feasible for farmers to protect
cultivated land? Evidence from farmers’ participation in agricultural
productive services in Hubei Province[J]. Journal of China Agricultural
University, 2025, 30(4): 269-285( in Chinese)

EWF, IEG. BETROANMEERHRABLBRIPBES ST AHNE
SEEKERI]. BRITIRLME, 2023(5): 71-75

Wang P Y, Sun H W. Mechanism response strategies of farmers’
continuing participation in black land protection based on perceived value
theory [J]. Heilongjiang Agricultural Sciences, 2023 (5) : 71-75 (in
Chinese)

FHE. FEBLIXRERRERERARENHAR . ABRIEH A
[D]. 4t : mERLMZFE, 2018

Wang Q Q. Study on corn-soybean rotation model and price comparison
in black soil region of northeast China: A case study of Heilongjiang
province [D]. Beijing: Chinese Academy of Agricultural Sciences, 2018
(in Chinese)

BEF, FZR. EFREEFRNTENHNNERABHNRPERBTARR
[V FRERARSHE, 2025, 39(2): 14-25

Guo Q H, Li H. Research on farmers’ pro-environmental behaviors from
the dual perspectives of environmental literacy and environmental
regulations [J]. Journal of Arid Land Resources and Environment,
2025, 39(2): 14-25 (in Chinese)

RERE, FNE ERERE. RPFBEFEARARDITHREK . BURHH
ERMEINRT]. EESRIFRERE,2020,36(3):318-324

Yu W Z, Luo X F, Tang L, Huang Y Z. Policy incentives or value
recognition: A study on farmers’ adoption behavior of green production
technology [J]. Journal of Ecology and Rural Environment, 2020, 36
(3): 318-324 (in Chinese)

ZEH.IFR. EEFEEFYRENH A PEFITHEE . BBWINES
[J]. RAFEHF,2018,(9):55-61

Li Q, Wang Y B. Government behavior choices in the resource utilization
of livestock and poultry waste: Incentive or punishment [J]. Chinese
Rural Economy, 2018, (9): 55-61 (in Chinese)

MER . FNE REE. MMSARNAXMRAENRAERITA 5
WARBEMERIATEMI]. KITRE R IR 535 . 2020,29(4) :1040-1050
Shen Y W, Luo X F, Yu W Z. How do incentives and constraints affect
farmers’ use of biopesticides? The moderating role of regulatory
measures [ J]. Resources and Environment in the Yangtze Basin, 2020,
29(4): 1040-1050 Cin Chinese)

MEF, BRE, 5. ETPMCEHERPHMRPIMEBERSNUIT
ml)]. FREXHRESHE, 2024, 38(12): 1-12

Sun Y P, Cai Y Y, Xie J. Quantitative evaluation of farmland protection
compensation policy based on PMC index model [J]. Journal of Arid
Land Resources and Environment, 2024, 38(12): 1-12 (in Chinese)
BiEF . SR PAAESHENBITSEBRD]. FERH=EHR, 2024
(1):18-42, 302-303



57 =45 Mg R AL R b DOPF MR £ 1 S mg AL AF 5T 51

Yang Y Z. Analysis and reconstruction of the compensation system for Zhou W X. Transmutation of China’s rural social constraint mechanism

farmland protection[J]. China Real Estate Law Research, 2024(1) : 18- under the perspective of differential order pattern [J]. Rural Economy

42, 302-303 (in Chinese) and Science-Technology, 2018, 29(16): 210-211 (in Chinese)

] = <% Fit o2 4 i 25 25 5 ; =
(51 BXE. ZFREAATRES HESARNHNME ] RHEFS FAEGE. R A

R4, 2018, 29(16): 210-211

F—EEREN: B AR R R AL LS S, Tl TR S5 YR TR
I 38 3G A0 o ARAGARE K2 AR B T, IR VLA & i & K, B VLA BHE RRIR 51 IR 55 8
RO L 5, B e 1A KR VR GE 1P L 5 E R TR 2SRV RE TSR B
TeULAR S IR 5 TR S e VLA KRS SR JUE R S R T 2 (O R A 42
GEI ) P E AR ER I ) Jowrnal of Occupational Safety and Ergonomics i &% . FH5 5
KPR TR E 20 R0, K& F SSCI.SCLE1 K CSSCI i K P24 AR 18 3 30 b o BEALL F 4500, 1
W3 18, ARAH R e VLA i AN SO S R A 75 AR — S 4 458 5 T 5 4 25 A AR Ml A ) 357 R 40 i
HH L 2 AR S R 5T 4518 22 TR AR AR B8 1 A 23 M 428 TAR 253 B WieoR A R SR e VT H i
E LRSI

hEXIM  hitps://www.cnki.net



