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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;

the black soil area of Northeast China
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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
28 A ok IR 1l
Parameter Data source Value
S WA % 5B WA S B G R 0 T R & AR O 25 G SE PR VA I L L TR L IR 4 A T R 20
TN BT 20~40 00, B O B R 30 0T
S BT A AR A T AR R 5 T RS2 2022 4 37 PR s 50 1 1 0 0 b TR A L, B B A A 150
o I M A T 150 7T .
A A A T AT B L R OR AR A kW A R 68 JT, R T AR A AN R BT 248 T8 . AV E R BUR T
e P ARAT M ) AN R 57 00 0 £ A AN W) AR 4 R K R T O K U B g VR FlRE K AR
R 2399 116170, S AR R AR R U A4 17 771 70, F B R AR I A B 1T 966 0. R AR AR A R=C(E K 966
PR IS 4+ R TR A A /2, Horp B e A = AR 2 R W+ b )RR I 4 B O R T R
25 LB AL AR
R A0 8 AR T R B RN AN BEAT AR VRO, KGR RS M A B | 736 O80T R I AR 2 A A R K, A X T
A Tl DR T2 AR 2 X0 T &)y v B 5 W S B OK R AR R R ORI A R L 261 0T, R P T IE 1261
SLFPRE FOK o EORBIAE U A A = Az 3 R I )RR U B X R A2 LR A R AR
i BT R R T L SE R A B0 T ok AR K ok f A SRR . IR VLA 5 5T R A BE
c Mo 413 857 910 HY , SR X - 4 FR 47 BEAR K B , A7 AR TR 45 5 7 BE L MR i dy 2016 4F A9 1190 7 1
' CHRE B 2021 4F 9 1 236,50 L 34 7 46,577, BT ZY 2. 25 ke, 45 AR B AR L o TR 4R A Ok
B WA HG 0 R 2y 11 9T .
c b T R R R DL AR BT R T R M AR D R RN . S F C e LT A T R 1

A7 e AR A D A i TR T R R A WA R TR A 2 1106 .

1 =0.0667 hm?,
Note: 1 mu=0. 0667 hm®.

B ERNAMAR, 8=z Esh 2500 1, S 8K
1120 5 BURE RSB 1A 1 B 1 T 1R 25 o
3.3 XETEFHBMELSWT
3.3.1 ERERWMERASMN

D AR 4G S, A8 Ak ok Ak 1 28 45 5 0 52
S, A3 HRAE 9 150,200,250, 280, 115 EL45 HE 4N K 2 fF
o B2 RN S, 3, = T A SR B AR
25 0 B Dk /D | 4 UG S, 3% i 16 K & 250 B, ¢
TTREEAS S T ah A . RPN B A 2%,
FRAE WAL, AN A JE DASR AR AR 56 1E 5 50 1R 1)
W gk 280 AR P Z 30 1 Y IBUR 4T R AR AN
F 250 Juh, A B4 U L R Pk R R SRR .
WAL AT LUE L BERE S, WK, & 7 E sh R A
R W TE SO AN S I T AR IR
P TR P RS AR . R O R R g
PEAMY , i F 250 0T MR PR £ 8 S S5 RAIERN &
e, Tk fo U FE AR B A SO 2

)RR G T AR P S, 78 Ak X T Ak 1 2R 45
RS . S, 43 BIMRAE N 10.20.30.40, i B 45
WE 3TN . AT WA PR il S, B4 = Jr 8 Ak 7

2 RO 5y AFTR A 52 Ao R I
x, government; y, village collective; 2, farmer. The same below.

B2 #\bS BUBETE
Fig. 2 Evolution path space diagram of subsidy S,
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