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Research on the Crop Planting Decision Problem Based on Mixed—-Integer
Linear Programming Model and Evolutionary Strategy Model

LIU Songyan', SHI Yutong', MA Jingxuan®, LI Jianing', LIU Xiaofei'
(1. School of Information, Yunnan University ;2. School of Software , Yunnan University , Kunming 650500, China)

Abstract: Optimizing planting schemes under limited arable land is vital for rural development. This study employs a mixed—integer linear
programming and evolutionary strategy model to optimize village planting strategies. By setting minimum planting area constraints and applying
discretization, a net income—maximizing model is built. Long—term needs are incorporated through Spearman’s rank correlation to assess crop
substitutability and complementarity, while evolutionary strategies enhance adaptability. Experimental results show that this method better re-
sponds to market and environmental changes than traditional linear programming, significantly improves revenue, and demonstrates strong ro-
bustness and generalizability, providing scientific support for agricultural planning.
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e A AT RS BRI RS RO LA 5 & R . AR
PR AL A S A A BR A SR PR Y (H A% Gt 22 90 DR SR XfE LA
ISR T 35 FREE sh A AR Ak, 8 AT ik an e v A 5
M C N TEDE B 5™, A XS AR

0 35

il

FERFRN D RGP SR SR ki 75 50T, Bl il

VEY A LIS s Al Wi 5 G EE 2. v [l B Ak 55 B U
AN TR B R A SR 2R
e T 3 55 AR 45 22 T DN BB, Rl W 4 e 8 (2 3, iR

75 H H#A . 2025-11-07

AR 5 AR, ARG Y DIE P i e (7] A5
7 SRR T S R
R SCHE T 2024 AF 4 [ R A A B IR T 3R C UL

ESTHR: =X FARAEXTHFRETRIRREEFTAE (16-202430) ; = & 4 & b 1551 7 4 #5540 B R B (2025)

EZR A2 (1993-), 5 14, = K FZEF IR, FFE & At EAE ATH 6 ; LRM(2003-), 4, =d K F1EEF
A AT OAALER; LT (2004-), 4, Z K FHEMEFRFE AL FTOAALTR; T4 T(2004-), 4,58
RKPEEFRFAE ARG OAANTFE; N RIE(1988-), B, L+, =d R PE PRI, FRLH @A BRI E

BB AT



Co . BT T

XXXX 4

B30 R LA 2 e K Ry b TR A R e R
B ERE IR 7 i A SRR R TR S
Pt IE T 2024—2030 SR FPAE T %6 o dE— B0 ABIE
B S 5 AR B SN E M L 45 B Spearman AH G HE
SR M AU A S SR

AR SO R TR B B e MR (MILP) 5 65
W& (ES)FHSS &, M el T R REAS B DL T i ik -3 A5 o vk
1) S RAED R DR SRR . FERIRIBE T, A JE b Bk
I AR SR R /N R T FR 24 B, 03 3ok A SR W
RAEA AT SRAET S A 5 B 4 0 PR 05 33k 3 S5 AN 1 o
PRI 2R LA SR Y 8 M R AR B AR M AR AR S S
AR T7 12 10 2 $ T 7 i A L RE ) o

AN ARSI A Spearman MR BB Wi EY 8]
BARHE S B AME 4 Z A PR R AR Y 52 2 5C R A A DAL
WA S TR A SRR . B T S B s 1Y
S R 5 AR ZAE Y U IR] | Bl 25 A 4R A I W A B
RART5 T2 B L B A3, S Al AR IR A & s 22355
JEARME 7T HEST AR R R SR . SRS IR AR A SOy
DLREE A R B R A W AR L AL TR SR M R U vk L T
T 37 75 SR 78 A R0 B0 55 30k 20 T 3R B i B A Y R0 R A
Btk

1 #HxIE

AN RO AL TR T4l A8 BHAN - b B PR C 7 Th
f L ZEWE ST 5 1], AT R OG5 R 24 H O e v L&)
LA DX B R o AL SR G A 0 20 5 A T R A
HRAE D7 T, A X eI T R E R A T R (H
15 Z2 A4 D[R] bR A A B8 068 7 37 5 2l AR S BRI B
fit e R AR R P TS A ) R R i i ok — 2P A e AT g
THAY Az 77 B3 5 1 5 TR S ) DR SRS

2V LI AR 1 B e M LR Al B A P T
ARSI TN . SCHk[4-7 ]I PR LRI 7R & s ot
W BE 2 AR T , REUE AT 1 AL AR 0 Bl A A6
AR 3t 73 e T 3, AR 3 o 2B ™ RCR A i Je 30
5 A, X IR A R R ) Fre e A A A )
i N7 AR AR IR R, S TS [RAE )
PR AR S OUALC B . SR, X 8753k S TR s
ol HEL Bk 5, 7 8l 285 T 37 B 05 R M AL A PR O L
B

UEAFR , P50 AT ol o DX I P R TR A A ol A=
A S AR i B IR R IR D AR R 58 o
i, SCHRL8-9 TWFSE 1 AN X Bk i i LA R 20 & L 4 11 T 7E
A AT AT P A LR 7 S s A
XM FEAE 5 i IX B FIAB 2544 AL D5 TRRAS T — 7 i
SRR SR X B — DXl D B i 4 DA, R E
TG T 22 T Ay B [ b ) e O AR

5 TR B Bl 4 ROl xR A R R i 4 T
AT BT 5 VSO o AT 4 e A P S B L O - S 2 T e
e, TR o R AE P R 7P i A 25 s Pk
B 3 3 g S [ b e 8 R AR 2 B, A A R L I R )
R ARSI XA A n] DU A A AR 19 [ A, 52 B0
R AR S AT SR, I SERF 5T 32 BN T A 25
RS VEAR , i R TRA G G Ber A T IR AT A A AR Y 4
Rttt

UTAF SR, B A W o A o A A 0 A ) R, iR e 22
WFFORE PR IE W2 T S b FBCR XUBS: A0 AP A .
an, SCHR [ 12 [ 22 By B2t LRI AR, LA AE 7 O AR
W AR PR S5 XS B AR RS . 3 A T 5 e BT MR B
A B AEHESL , 25 5 A RS R R AR 3k, S THAE A o
5 RAESHASIREE T B AR RS R e e e

JUE A O FEAE R AN B T TR T — s R,
R Z N T ARy sl A AR ), BT vk 2 20k
TL Ak BE LA 3 LTS 70 220 A 49 ) AR B O &
AR B ST M R R s 2R 5 50 . I, F 2 — T g
UAEIlEA-E Z (R 7/NNEIE VR (R7IEIE P S Y &2 8 RN T
P B ORI 36 T B Tl AR 7 B RS E M A 7
AEEFE L.

BT IX — 3 5, AR SCHR T 1 RS TR B B ML
35 A SR 0 S SRR T i, B RV A DS
JRs PR o SRR AN S5 I AR W i 45 2R R X T 3730 Bl
TR TAL G AR Km0 3B S A 4fE )
e

2 #HAER5RIR

21 REESF

AL X3 S M PA 1201 AL, 2> R 34 O 2
Hiy A L L3 b S K B T BC A8 16 438 38 A A 4 A
BRI (5% 0.6 /). AR IGE FAEYZERAG H - 4
Fefs FE R LI 38 b ] e — AR B AR, 7K 8 b 3 A K AR B
B s R T A — RS S — R R, R BT
T 2 25 o R by g KM R AN RE D —FhEY , H g 3
EH B — IR G REY . NIRRT S F AT
BEEATRXURS: , I AR SR W T 285 5 Ao MR IR AP AR s A W 2 e S
B M, (R A S P (a) A5 PR E R R G oA o R
éj\i%‘j(LW—ISJO

R T AE LAl A T A A B T B A
TR B A AT B A, DT Sk I S0 Ak 40 BT 4
P& KR
2.2 1RBRIE

PRAEWFIAE 52 S5 F5 K 5 BORSE R R, 1 i
B 588 AFTEANIR o E D s B R I A T v
PR AR BE U Bl AT B XEFPAE 25 R 52 /N R, T



5% XX XUpn, R, T, 4 TR G

BRI AT 55 A SR WA P 1 ) b AL R SR D 5 -3

A7 B OR UE R B AT, AR SCHE R D A A rh R
2023—2030 4E T S M58 S A 85 PR Re e i AE AN
W M AR I SCHEE— 2540 #7 .

PR R AT O MBS T AR |, 45 e T A
CL0 ; @ T N JC B R H AR 9K 32023 AR FP A 4544 0
LA A, 2024—2030 4F- 4 M HAE Y R A AR | T AR AT I 5
Wl 5% 5 4 8 e T o8 DR R A s @ P (b B s
VR F T 2024—2030 450

3 L X AR L, AR BRAE TE AR X AT 1 A5 1N LA
WA TS %8, IF R I 22 I BE AL AR AL PR Ll

3 RIZEFMFHRFRE THMERRE

YED ) T £ B i R A | T R B A A AT
X 2023 AR FFRE o AN LRI VR Y 7 1 T A
B, 8 AR A AT BE 23 TR B AT 0 M (2023 AE A A% 1Y
50% )t o B AR AS T G A 3 5K 43 R R Ok T AR
(2024—20304F ) il 2 Fe P AR VE DRI AR 5 58, Dhde KA
NlE.

3.1 HEIKEL

ARSCHFFE T (8 00 VR o A B A R B B A4 5K
PE K A 2024 4 15 FUAT AR 42 [ 2 A R i A S FR BRI
C AR
3.2 HETmAE
321 H3bsF

Xif i B 2 5 v ) 2R R A R (A TR A6) AT A
FEAHT, AR . A B CHHIR BRI — 2%, D EF
JEHb LR D A FPK RSN, A2, 0] L35I % ABC ik
()41 G F DEF M B (9 21 & g Sr B |l O[] 4 v i
TR AN ol i = v N i @ S N S 7 o B e v o
24,53 504 - ABC MR /9 S 4 B DEF B2 — 2= S 4
i DEF M5 — 2 S ot
322 MEEMGjEERRRIGEAHE A,

i T SOk P R SR AR VE M 2023 4R A 65 R, IRk R R
J5 A R E Y B i, JT A 2024-2030 4 Y
WA ER . BELBMAREN 17190 WEHKN
8% B HTEZE N 2092 . BRI H S B AR A
SCHAAE Ryt o i SRS By AR aE, O B AR
B A P B AR AL DR S 8. T L bR
P £5 A2 MR 250 5 T AN A SR B, 10 2R 3R A U N
AN X AR A GE B 7™ A S BT

XPIKFE o R W2, 00 | = s A IS . B R
PR MY ST TR T VR Dy Y xR A T
323 AEEARGjEFHHEE LN P,

BRF A4 v 4 48 1 25 A VE W 1) 5 85 PR Sk — A3 BT R
— AN EARBME, I T 2 AR SCR A X Ja] ih (B A
RAAE Y B 285 B, DB T 5 22k AT R A ARk

T AT . (RIS [m] b bR b TR0/ 7 B 5 B ¥ e —
B]BoK A TR ARG — (D PR
P, + P, )
Pj=#, jell,2,---,n} (1)
For, PR 95 b j AR B4 2 89 B, Py oA B AR
Bl b g5 oA BOVE R B AR B, Py o B R
U5 Ry WIAVE W0 S B R A L n AR R R BB (n
=41),
324 fEEEYEETRRIGEIKEZ,
BT AR 5 S S A AR A 1 E W s L Tt
S AN T ZE R e A B R o VR I RS R ZAE TR
X I bR ) R S SRR AR Z 22 WA TR A S
m(2) R,
thAi/'Pj_Cj'Si jefl,2,-n},
i Si
(2)
Ho, Z, 09 45 0 j WA YIAE ( R b B iU 45 L A, 0
%5 0 j VR i 2R R A B 45 B, POl 45 O j A
FR-F- S 55 65 A, C o 25 D VR B FRAELIRCAS , S, i 26
PRy S A
325 HEERWHNTHHEAESDES )5 THEE ENEY
EEIN
A B .CHEMBBAER R EYES E 0, =
J,=J.=11,2,3,4,5,6,7,8,9,10,11,12,13,14,15}.
D .E.F &b A al Fpd i ED 4R & AN A, O HLIR—
Hi B3 — RS ] B M AE WA L T=116,
17,18,20,28} ;J 7 *=1{17,18,19,21,22,24,25,26,27,
28,29,30,311;J #%={17,19,25,26,32,33} ;] #*={35,
36,3715 F%=1{38,39,40,411;J 7 *#=1{21,22,23,24,25,
26,27,28,29,30,31,32,33,341
A B CZEH PR AF A AR 1) GRS G — 3L
Jym=g =] im=11,2,3,4,51
EE . F 2 He B4 T Ao 9 O 2REE A AN R H R
A — 0] AR SRR - g = 117,18 5 ) =117,
18,1915 =1{17,191,
Jy R N TR R AE AR S L  v S HE N AT R A
SRMEYIRSES  NelA,B,C,D E Fi
33 ARTEBREPTHERRAUER
IR B PR A O v, R R 1 AR AR AR
FIED R TR (D -
33.1 BARRHK
Ry TR A ) AR B R K AR 8 SR
VER B bR pR R, B SR A AR 745 RSO RS D80 25 PR iUAS 5
Mt R . PRI, 5 3 S 57 S AL i AR AR AR 11 O R 3
AR AR B8 45 07 38 KA B URR 3 M Ry T Ry
R A 0l I B R AN S B USCRR R T
B (3) PR .



-4 BT T

XXXX 4

R = mi"(zf(fzozm Yy 7Aij) (3)
L AT AT I A A DL A B B R
Ry AR (4) BT
. 2030 1 2030
Rijmﬁ = mm(zt:zomxiﬂ ’ Yij’ 7Aij) + Emax(o, 21:2024961']’1 ’
Y, - 7A,) (4)
FEA Ry /N B 7 58 S50 WV A i 28 L Bk
R SEBRE BEULRS s R, 4 RN ATHTIT T S5 0 j BIAEY)
TE i ZE Mk b A SE PR B U2 5, TR Y 78 i S AR
SRR T Y, O 00 B0 T R 3 74,04 7 4F P B4

~ B
B,

e Jm D B AN TR A g — R (5) s .

max /7 = z;i P I_C:AR% -
O D ke LHERE,ATHT) (s)

For, x, AW 70 i 8 MU AR R R AR IR AR ; PO
i VE IR B A0 B R B s C o A T VR B R AR
AR s Ry, 3278 k7 58 N 4508 j BRI i bk b A SE PR
HERES .
3.3.2 ABCDEF 5~ £33k 69 £ F 4 &

T RN E TR T B RETIra ST

LA B.C.D.E FRHEAEH L IL [ 1 2 ) 5%, Bk
AT .

(DEELAHR T8 PAE[A] [ — H A BEFhAE A [
YEW), LLZ G 0 7 -4 AR 2% 8 E B AR fE R 2 b |
g AR 0 % o AR TR R NS R R 28 b BT AR — PO B
BERFE, WX TR/ —1ield,B,C.D.E . FI F—"1jel,
(NeiA,B,C,D,E,Fi)FlH—"11e{2024,2025, ...,2030}

1
A:0<x, < ES"O

(2) GREMAEYCEA A . T4 34F N Al — b 2 /0
e PR — IR L2, DL B9 7 AR AR 0 MOk 5 1, 3 4R ]

FI A, el ¥ (NelA, B, C,D B, FI) it —4-1,e
12024,2025,...,2028 | 41: > " x> 1,

- pounst
=1ty Ybeans

(3) L AR . FRAF A2 b b T A VR A
(1 B AN BN T RS TS A SR BT
A~ ielA,B,C,D,E,F| —"je],(Ne{A,B,C,D,E,F})
HfE—1e12024,2025,...,20301 47 : > 7 x,, < S,

Hop S A K R, RSO AR R

Jneans VLA i S0 _E A MIAR T AR 5 ), 27 HLBR N A ol

FVEEE G J v b N AT R GRS st e Ak
TAE AT B 3 AR AR AR -
333 DEF=Z M3 A4k

(D EF Z&Hh it /INE R 29 . 25 SR 3] 52 bR AR 7= rh 5 (8
T F ()4 B E AR TR BUR B /N TG E (F 2 1 T AR
XPEUIN, IS B F 28 b AR /R ) 47 R i i AR 2
AEM10,0.3,0.6f Pk, BIX A —A iel £, F —1je
Jy (NelE,F}) it —~1e12024,2025, ...,2030 | £ :x,€10,
0.3,0.61.

(2)DEF 285 — Z G R B2 o . X T DEF
Mo, D E . F 2P0 E A S Ok R 2R AR, R
% & DEF 2R Hb 20 — Zx () 2P B 200, Bl je 2%
334 BERES

HR 4 b SO R A 2, B X A (] 2 70 b e () R 1, R
ZRAEA T, EFXTA B C D38, SR AR R R A
AL BEXEE CF 264, 2% 08 B 28 S AVE N H AP AEY)
ANRE AT A0 B, 4 TR A AR R R A TR G e e A
x, BN A L AEAVE W) j R R TED AR, JF N «,210,0.3,0.6 1 14
L5, BRI ARV E A BER SR S PP 25 A B — 1k

(1)ABC =il . HAKNA(6) B, A &4 a0
L (PR
max Z pe) = 2]15: P iC:ARi/k -

R R P 2 AR A B2 M (AR T AR K e !
TS TS S E R, X T84 ield,B.C.D,E,
s.t. xij,S%Si,ie{A,B,C},te{2024,2025,---,2030}
S k2 i €A B, C )ty €{2024,2025, -+, 2028}y, € Ji™ N € (A, B, C} (7)
S x <Snie{A,B,C), 1 e{2024,2025, -+, 2030 )
%20
(2)DEF =% M8 —F B8, JLARMR () IR,  ARAHNR (O PR,
max Ly 5 pery = z/em PR~ z/em f»6121223(2)024x’7" NelDEF). ke HiH. 3T97) Y

st. x,>0,ie{D,E,F},1e{2024,2025, ---,2030}

SN = SuieID B F, e (2024,2025, -, 2030} )y,

c Jxmm,N = {D, E, F}

> wy=Ssie(D,E F),te(2024,2025,+,2030},j € J# F,N e (D, E, F) 9)
%, < %Si,i e{D),te{2024,2025, ---,2030)
x,€{0,03,0.6),ie{E F},te{2024,2025,--,2030)

it



5% XX XUpn, R, T, 4 TR G

(3)DEF =2 sf —F il . H AL (10) i,

F 2030
maxzﬁ";:é(f)ﬁ) - zjgjgx %P/zi: R zjgjgx %C/ZL = 2004 7Vit?

BRI B 5 Ib S WS AR 4 4 B A A R 5[] LT 5% -5 -
AR (1) s o
Ne{D,E,F}, ke(#, 79} (10)

st x,>0,ie{D,E F},1e(2024,2025,,2030)
> wy=Syie{D,E F),1e(2024,2025,-,2030),j € J} F N e (D, E, F)

1

(1)

x, < =S,ie{D},te{2024,2025,---,2030}

yt 2 i

%, €{0,03,06},ie{E, F},te{2024,2025,---,2030}

K F LA AR BT LINGO 40 5 F2 e SR i, mT LLAS 3]
2024—2030 4F i) 4 25 = 145 2 B 19 1 00 S 0 oA 1 ARy
e 7 58 , 45 A5 45 Mo b i FROBCHE: | 3 ok BE 451 o T 2 B ADoK A
Yy BT R i 2 HLAR

4 RIZEEMFHEERITH THIMERRE

TESLPRA = o, A R AE Y 0 B 15 1 i AR AR 2
52 BT G5 e A Z R ma T BRI Bl o 4 S AR R i) B
SESE I AR SCHE S T A BEDLAZ AL 70 A7, X RS A 1 247 3
S

B BUT , A& R R 008 B i AR o — E B
g fEBITSCHRE3 ] CRLgy AR B, iT LR /N A E
oK 1) B B i D B R E TE 5%0~10% B3GR B K HABAE
Wy i) B B B A T +5% HYZAE AL . B TEEIR L | [T A
I H R R SRR X R B2 7 A R R, T
AT AR B A AL AL B s, B S TS R D £10% . R AL
RPN 5% B VED) AR REUE , B RO A A
BT 4R Lk 5%, 08 A O A% T RE B AR T R 19~
5% , LI B A B A% B 4F TR 5%
4.1 RETESEMFERR MR

TE W D ST FR , AR SORF X SE AL N 28 0 AL
T, I 38 Ao 18 R e R A e DA R e S R A 7 R B AN R E
TSR A AR 7 4F BRI SR

A SRR R SR AR R - D, R 55 j FE TSR 1 4F
) ol AL T AR CRT ) 5 @y, 27 55 j Rl A W 70 55 o 4F 1 T )™ 4

411 BAREHK

H A bR UK TH 2 15 1) 2024—2030 4F [11] f) 5 K i
25, Hoan=t (12) fos .

max Z = 2[22320242;“:19@-[ X (pj, Xy, = cj,) (12)

Horp, Z 327K 2024—2030 4F (1 B4R 5 p, <y, 2720 j B
VEPILESR ¢ AR B BTUCAS 5 o, Fm 58 FVE DI LE SR ¢ AR 1 1
PR AR
4.12 R AE AT F BB LY RS

(DHBERGRKAGE ., X T/NEMEKR, A :4, =
A, x (L +g), jel6,7)e Hh AR A EYTE
AE R T A 65 ik 5 g 7 55 j AR ) 900 A S i R
T/NERIEK ge[0.05,0.10], HAAEY) gl -0.05,0.05] .

(2) @i AR . BT EY R B 7 — E
LMy, =y, x(1+8), jell,2,,n}. Hi,y &R
S5 REIAE SR ¢ AR BT 56, -0.10,0.10 2 T ™ B Y
ARARA A | B WIS A AN PR 3R X T R T

(3)FAE AL BT A VED I FAE A 451
PR 5% Bl e, = ¢, x (1 +0.05), je{l,2,-,n} H
M, e, NGRS FIVE IS5 ¢ A IR R IRAR

(OB E MR R, M TREREDONERME
Xk ) k2SI 1 N < SO S Y AN SR
pi=pi-» Jel(1,2,3,4,5,6, 7 Xt FEEEMEY, #E
#h % 53 i i K 5%, I
Py =Py X(1+0.05),j €{17,18,+---,37 ) XF F 1 HI B
KEY  HEM TR, KD EE N p, =p, , x(1 -

() s G, om0 IR AR GEr i), @ 005) Jetatls JUAb B8 0w py =y (1 -
o, FE R RIE LRSS 0 AR R AR (TT/RT) o ¢). je(38,39,40), ¢ e[0.01,0.05] Hrt,p,Rm5j
FIEMIESE | AF ORS00
b bR, SEINI 25 S A P (13) B
A=A <(1+g) [0.05,0.10 ] jel6,7}
5= i &7 8 %112005,005] jel6,7)

cp=cyy X (1 +0.05)

Pji-1
J R (1 + 0.05)
Py =
Pji-1 X (1 -0.05)
i1 X (1 —€)

AR RO AR RL AT LASK A 2024—2030 4F 4 Fi i

¥ =y, x(1+8) 68 e[-0.10,0.10]

€{38,39,40}

j€{1a273’455’6a7} (13)

je(17,18,19,20,21, 22,23, 24,25, 26,27, 28, 29,

30,31, 32, 33, 34, 35, 36, 37
jetlal}
¢, €[0.01,0.05]

Jrikie



© 6 BT T

5 RIFBWMEHERNER R THMERR

LR G 5 IEARNEY) Z 18] 0 AT AP R B M, 53
B O A i S R A VAR S R AR R [FE)
RS Z IR G 2R, DT ) o A SR
51 FHAHEESMERA.HENEZBRHEXEN T

Ry itt— 25 o B VE ) 4% R 25 DA R AE ) () FH O e 2
7 ZE W52, 2% S8R FHAR DG AT | LA o A S 5 7
TR ) ARA T T 5 M %00 A8 e Z T DG 3R, R Jim AR 7Y
Pk 55 3R A F A T SR HR 2 . AR SCE B £l FH Spearman H
R F BB PO A B St A R B AR =2 ] 7 A DG
PR, 1520 U A B i AR B AN ) AR OC
5.1.1 FHmAL TR EZTHME X R

AT R R R A 5 U B B 1 2 W] Y Spear-
man fHE R BN 0.225, Fomn B AAERE N IEMFEER,
A ek 5 E 7K F 4 0.012, /N T 0.05, 36 B 7E 5% 1) i %
PEACE T AT AR 48 ik o X 3R B, Bifi 3 Pl R BRAS %) 3
T, TR B e S — e R 3 R
512 AHENMRLRMMEEZTHMEX A

ERTAS R R TR ks 5 U Y
Spearman 3¢ & # R 0.049, #2311 F 0, H & 3 MK FE N
0.588, KT 0.05. X UiWITE 5% 1Y i MK F I kin 4
TRV, BIF- X4 B A 55 U040 B 1 Z A 2 AR
M, B AR A o) S A A AT B S S e
52 RIEVZEWFAERESEMESH

ok BRLAR 5[] 19 ¢ R A1, Z2VE P U R PR ) 28 [l o
B, A SO AE D 1] i 2 A 5 B AME RET T 408, S AR
Ak R

FIRFWE AL AN B R B B LR
(1] 28 1) F18 4 A5 40 6 T oA - s 258 80 0 m] A st ) L g B
il AE oA T A S T AN B, AT DR L FR e 7R [A]—
RAEWZN o oA Rl — 2 5 i R AE D B, 45 4 Bl
FE iR i () 4 TR 3R, AT ) — 288 501 v 48 VR 4 =2 8] %) 4 G
AT, Il A SR T B . A VR 2 0] 52 30 67 AH
S 0T AR A ] B R A A S A A S, )
AR AE 3 ) A E M
52,1 AR EAEHTHRMELE ZAME S

1 (a) KR AAE W Z 18] 1F A0 SC ) A A8k . 38
ST T LU R IR B EY T, R R R T
RS T A E G G NE K GE AT
SIS TE AR OGP, SR SR Z R BAN G R . T
SeVEY) S g I L0 FRAE AR OG, BV SR g I (4L
IR R AT
522 FRERMEHTHRRMELE ZAMESH

HFREASE A M52 b HRRAE K G 28 —
ZEROAE , 7E 20 AT S S AT LUK X = Fh B S e i 7 40

XXXX 4F
S KA LT
02
"
%
o ¥
=z
02§
‘ 3
,o
—oe
08
T #
A o S HCHI SATRIFF 0 |
i
(a) Correlation heatmap of grain crops
(a) MEZEAEIAR R A
#
W%
X
-
g
2§
BRI 2020 LI 2 ok 211 iRl | e

(b)  Correlation heatmap of vegetables (excluding Chinese cabbage,

(c)

Fig. 1

white radish, and red radish)

(b)  FSRFEAEWAAERIE (BRI 8 b 28 M)

3 B AR B TR Spearman Hl 4t

man #i % #5

Spearr

s BT s e s i

Correlation heatmaps of Chinese cabbage , white radish and red radish
(c)  KREZE. A NFLE MR 1A

Comparison of correlation heatmaps among different crop

types
El1 &HEEWEBRMERNELLR



5 XX

RS, SR, ThI s, 4 B T IR A B R M R A 5 A W AR (g Y A A DR SR 1 LT 5 -7 -

M, B SCRFRIX = A 8 e =7

(D BR —=BRAE M 5341 L1 (h) AT AT, D% 1 2 1]
B IEAHEEYI T LIS A 3L A, RS 3 B
DR A MZER B T AR SRAE B AR B
JR A, VAT PE4aAl I8 R NEE IS,
X 34 A AT B — A 0 S Hh AL A gk 2 2
B3Nl £ SO 1115 0 8 7 TR IS O % £ i e el e X4
S EA B 15 A A S B A O

(2) =@ AT e W ()P HL, KA HE b
5ors MR IEASE, B =3 B 5 AME
5238 AW EEYTHERME ZAMESH

T B 2R VE Y i T AR st (a] | R Ao b DL R 4%
Tl B FH VAT A oA T RRUAH (), PRI e B P P 2 b B PR B A T
A
53 HBSH

FET LR S 2 ARV DG S AE ) B A Y
GIPTEE R A SCHE S 3.4 1K X 5 B DIRE & T T i
G R A A AR HESE | DT S5 B0 4 Jmy A LAk
53.1  HALR AR

EPEE AL SR s 0 P PR S AR AR 1

(1) BB A FRET) . % IR BN SCR AR A AR S
SR A MR, BB 24 R 2 B A, R AL R g e
FRYE PR A A 38 0 PR AR S 2B A Ry ), DA A48 2R 2
] F AR R ) R AR R AR 1Y fE IR A R BRI
o] Tra) AL b S ok X A B e AT HROA Ak B CAn Bl AL
A AR W T A — R e T 5 R R R A
Hfefb. MEZ T, R R AN TIHEL XA TS
B, o3 A Ak A OO B2 4 R S A AT RE T A %
RN AE B

(2)IFATPE S S Pk o 3 Ak R W 1Y 22 S 45 A A Bl
S, RIR G F IR IFAT IR X T R BUASE () i 5 ] Jin b
WS 252 AL A A SRR AR T AN AR 2 ) B 1
SAS e, A AT A AR AT e R R R R R A
PFFE IR TE 2 a3 o i ORI |, LS 5
AR BRI

(3) gty Rh 5 Ab # . Eb SR s BE RS L Ab 3
AR i, I AL AL B AR RO R T s B
P R 0 2 MR . B AR A B AR R PSR AR
WA LKA RSMN S B bR R TIRG A, AP
DL HFRE A S iE 47 4L, TETE AT 42 0 SRR B 5 28
BE Y AN e S ey Y

AL SR H A5 S0 Y R R e T IR T
SRR DL ROGHR A A0 R T B 38 N b, A 3 28 14
P SRR /NREYIE B MR RS A B
il e 42 ey 45 2R R R AR AL AL 35 B Ml B SIS AR 1Y) 4 ) oA
Al

532 AHKEE

b Ak R W AR AR A 4 SRy TR R A AR e v D
WS AR SCFE MATLAB BR5E R 4T T 250008 2 2 Wk A5
ER, e 2T 1Y R RSB EWT

(1) PRI A 80, S T IHAR 76 4 i J2 b 45 v 1Y) (41
FhPEDIx6 HehxT 4Ex2 22 ) , 2l /N R EE T RE 2 FBUE R 2
(AN A2, T RIS 3k A D) 2 8 8 344 Jin o350 T 4 , FLRE X[ 40,
100 ] VU 20 2 50T 28 A7 A9 X F i, BUASE 80 T -3 8 R Al
WCBAORS B 22 B3k B T U35 AR A B IR 285

(2)EARARECH 60, B EAR B BN, A RIS R
FETEEE 4505 Bt TS, 4i 60 4R AR, 5k nT S
it

(3)AE SR A 0.25, BRI 25% A9 RS T = 3 4t
1, AR IE R R B AT Z R, 2 )5 R R R 2 8 nois-
eScale , 285G Mok S T FRAE Fe 45 4k 3h .

(4) PSR ERNE . B—1CE TR 20% (16 4 )Mk
VERRE S, e AT — AR, A A DU 5 % e o
AR BEALBERE S = 1048 5 A il

(5) 78 S BeAE . R —4F B B —Z= 0 /E Y B
5] AR N(0,0.05 x S,)BIBENLIE 3 . Bfif5 , 2E47 00—
A Ab B, B £ A 2 B T RRUR B A 1.05 x S, PR UEAS 5]
AIE AR .

(6) B LA # . #E . FRMBBAED RS , R H
AR 3 1 RO R 0] CRF BB BR 247 £0,0.3,0.611 ), AEAELIL X
FUPK T 2B VR B 0 A ek

T 2t 1 78 ft best fUER T BT A VAT TP 25 B I 45 e
%E‘Jﬂ‘*ﬁﬁ%,Eﬂ:_‘/l\p_qgﬁfﬁﬁzbest(j, i1, 8)o /ﬁ\:':F',]
FYEY ST (1-41) i R ML (A-F) , ¢ A 4F 453 (2024~
2030),s FnZE(1852) . HEFEITREARILVEY AL X N 1
He AR5 Z I e R AR T AR (R ) o
54 SKIGEERSHT

HRAJEG Z2 Uk B ML) 4R FlE SE B0 25 5, AR SO T R/ 5
FLL TR IEAT TSR K 8. SR o5 R
W

(D IREE S . h=1,p=0.000 1, FBINAL T LU
W TRL R, G L EA R E R

(2)FHlas . B2 7 - Bl gt b 13 514 349
926.79 7t , MM Ak Jr S - Bl 25 0 118 478 871 921.80 G o
Ak 7 SR 2 5 P ¥ 23 #9529 1.05%10" IG , $2 7R
JEA)T76% .

()W sk W 8l . 2k 7 SR 5 br E 2% R 10 014 552
978.69 JG , HE Ak 77 SR UK 75 A ME 25 R 108 009 536 287.03 JG,
RMRACTT BAEA R LB A N OR R E W 25 7K, (R
B B, FF 5 22 2 B L 20 ) i

(OIEW AR R E o PRI R (R A XT3 T1)
4 1.05%10" I, Bon P A AR AE S i g FH o] Sk ke 3 5 T
K E AT AR . AU ZR PR ifE 250 1.08%10" T, UL P FE



-8 - BT T

XXXX 4

AR BEALA) 6 A, D0 A B et A7 2L i R P T B
k.

%10 Ak r 8 5 B85 SRS 43 A X Ll

25

SO B UBITLEIAFBESI0 AL 7T
Fig. 2 Revenue distribution comparison of optimized scheme and
baseline scheme

B2 RUFTRSEXZHTRUHES TR

520" % USBR B EIN EE

BEE o

0 5 10 15 20 25 30
S thi
biie SR 2V IR R PR LR

Fig.3 Comparison of revenues across multiple experiments
B3 ZAiREwEibi

P2 EOUL S s W4 22 5 T SME S sl L 1 3 R
TR S5 G W 7R A B AR A SR B AR 1

25 EITR BT LR s ) 4 R Mo A B R R 2R
W s T AT WY AR, R A A AR T AR g K
GOk 1B S S B A R E S T AT

IS, 8 3 IR U g R A SR T AR SRS TR AR OR 7
R AT S AR v, S bR N R S

FERY 53 BT R W], A SO AR AR AE ) AL R AR ] R | L
A BRI PR vk o i e #a #eor A 45 R n &l 4
7N, TE 2024—2030 4F[] , i 00 A6 5K s BE 2 4k 7 Fe e A IR 45
B, R BRI TG NG T . RS BA LA
RURUE 7 X5 52 2 Pl 200 o B4 s 2 o i A 5 e ot 4
Jri A8 RHLGI A RO e T e B S LR B, 2 T T O =4

ol
He /) o

2023-20304FEFhfi ik 25 i
2900

N
IRV,
NN / IRV

B
ll\‘ [
p—eg
2300
2023 2024 2025 2026 2027 2028 2029 2030

A py
AR T 2003 Ml R 71 B | v

Pk 2R 0T/ B

~

Fig. 4 Overall revenue trend analysis during 2023—2030
B 4 2023—2030 FEEFEU BT

6 ZiE

ARSCEERS S RHAAE YRR B DA AR S IR, 4R T —
FioRs TR A B LRI 5 A SRS AR 25 S i DA I,
AR AR AR fe KAl . FERTSETT S AR v, A SO 1
B A R AR BER T S Uk S 2 RS A K A
B ISR A 5 1 23 Fr (9 5 1 e 3 U0 A2 Ak SOliA
S ALAE K IR AR R . AN SCH i Spearman AH S 23 A
X ) A AP S B AMPE BEA T A, O 25 5 2E AL SR
T ISR T SRIERIE . SEIR AR R AT R e
T R RO IV T 37 5 SR PN PR B AR AL, 6 m A W 4 | I
7 H R AR E PR AN VR

[ i, AR SCHIFFEAF A — i 00 Ry BV « i df A6 3 4R
#2023 AF- HLAR KNG , BEAS TR /0N , A5 e ST 9 A 44 ) ]
RE s FR2Hds (A iy S PR B 45 1 55 ) R P B AR, 5
PR B SR S . i — BT AR SR
5 D SEBR T DL RE ST, SR T REAILARE J5 3%, 72 A Ok 5 4F
R i BN +59% 8Os , s e o Ml RS A 452
BOA B E AR Z Ak, I — AP S T AR SO B o A A7
TR 455 B S A RE

AR AT AR J5 1 i LA R = (1) JF 3 el R 5 2K,
S5 3 SRR R 4 s UK MR, (R RE A T T
B B AR 7 IR 5 (2) TRAL AN B R P AR ) 1L T
B, SIS IR B9 S 5 117 3 I Sh SO A Y, $RE T 7 45
PRVE , FEOT R R B SRR 20 AT 5 (3) 71 AL 28 7 ] 40
HARAUR T ARAE YRR AL, SRT ) 2= 8 Holl oK™ 57
BRSO A 7 DR AR O D7 T, A ARDRHEE LG | S SR s A
5 LU AR A 7 255 B

A SCHIRFE R AL R DL A AR 3 T —FioB B B



5 XX

RS, SR, ThI s, 4 B T IR A B R M R A 5 A W AR (g Y A A DR SR 1 LT 5 -9

HEREML LI TE S MR AE S RS RGN AA
LA RS

S 3k

[1]

[4]

[5]

(6]

[10]

[11]

[12]

XU N. Evolution of China’s grain security strategy and construction of a se-
curity system[ J]. Agricultural Economy,2024(12): 3-6.
BT RERRE AR IRE SRR RZMET] R 2F, 2024
(12):3-6.
YUAN Z C, YANG L, TIAN J L, et al. Dual-population dual-stage evolu-
tionary algorithm for complex constrained multi-objective optimization
problems[]]. Journal of Computer Applications,2025,45(8) :2656-2665.
HEM, M E, WA, F . BOLRY RS AAFLAC I 69 A FER
Mot shak (I, #HSEALE A, ,2025,45(8) :2656-2665.
Contemporary Undergraduate Mathematical Contest in Modeling. CUMCM~-
2024 contest problems[EB/OL]. https : //www. mem. edu. en/html_cn/node/
a0c1fb5¢31d43551f08cd8ad16870444. html.
TERFARFERZR. 2024 FHBARLBARFERFERER
A [EB/OL]. https : //www. mem. edu. en/html__cn/node/aOc1fb5¢31d43
551f08cd8ad16870444. html.
ALOTAIBI A,NADEEM F. A review of applications of linear programming
to optimize agricultural solutions [J]. International Journal of Information
Engineering and Electronic Business,2021, 13(2):11-21.
ANNETTS J E, AUDSLEY E. Multiple objective linear programming for en-
vironmental farm planning [J]. Journal of the Operational Research Soci-
ety,2002,53(9):933-943.
FILIPPT C, MANSINI R, STEVANATO E. Mixed integer linear program-
ming models for optimal crop selection [J]. Computers&Operations Re-
search,2017,81:26-39.
BI C N,SUN B, XUE J, et al. Optimization of crop planting structure under
water resource constraints in the downstream estuary area of the Yellow
River[J]. Yellow River,2024,46(12):117-122.
AT AR, B, L R TR R 095 T A o R AR A A 4k
MPAHF LT, AR T ,2024,46(12) : 117-122.
GE H T,GOMEZ M, PETERS C. Modeling and optimizing the beef supply
chain in the Northeastern US[]]. Agricultural Economics, 2022, 53 (5) :
702-718.
LYU C Y. Cost=benefit analysis of beef cattle farming in Jilin Province
driven by new quality productivity—based on mixed integer linear program-
ming model [1l. Special Economic Animals and Plants, 2024, 27 (12) :
183-186.
BAER . WAL NI T FAHHE KRR AR ST — R Tt
GRS IR B[], A A2 S A ,2024,27(12) 1 183-186.
YANG X L, YIN D, LI X J, et al. Study on optimal scheme of crop plant-
ing structure in Pingliang [J]. Agricultural Research in the Arid Areas,
2003(3) :65-68.
M Al PR FRRAR L T R T RAR M A 2 M R AR AT AR
[J]. FF 3 E AR LA ,2003(3) :65-68.
SUNNEMANN M, BEUGNON R, BREITKREUZ C, et al. Climate change
and cropland management compromise soil integrity and multifunctionali-
ty[]] Communications Earth&Environment,2023,4:394.
GALAN-MARTIN A, POZO C, GUILLEN-GOSALBEZ G, et al. Multi-
stage linear programming model for optimizing cropping plan decisions
under the new common agricultural policy[J]. Land Use Policy,2015,48:
515-524.
HOLZKAEMPER A,KLEIN T,SEPPELT R, et al. Assessing the propaga-
tion of uncertainties in multi—objective optimization for agro—ecosystem
adaptation to climate change[]]. Environmental Modelling and Software ,
2015,66:27-35.
AKHAVIZADEGAN F, ANSARIFAR J, WANG L, et al. Risk—averse sto-
chastic optimization for farm management practices and cultivar selection
under uncertainty[ DB/OL]. https : //arxiv. org/abs/2208. 04840.
REISS A, LEALJE, THOME A M T. A two-stage stochastic linear pro-
gramming model for tactical planning in the soybean supply chain[J]. Lo-
gistics—Basel ,2023,7(3) : 49.
HUANG Y M, HASUIKE T. Optimization models for crop planning prob-

[17]

[18]

[19]

[22]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

lem under uncertainty in free market and contract farming scenarios[ C ]/
TEEE International Conference on Industrial Engineering and Engineer-
ing Management,2023:1101-1127.
GUO X X,LI K L,LIU Y Z, et al. Toward the economic—environmental
sustainability of smallholder farming systems through judicious manage-
ment strategies and optimized planting structures[J]. Renewable and Sus-
tainable Energy Reviews,2022,165:112619.
CHU Q P. The research of the interaction of plants under different plant-
ing densities and species[ D ]. Lanzhou: Lanzhou University,2021.
Eam. RRAMMEELWANSTHMMEERGHL(D]. 2
s 20 K, 2021.
YAO W Z,SUN Y C,LIU P, et al. Research on collaborative distribution
model of fresh products considering product losses [ JJOL]. Systems Engi-
neering=Theory & Practice, 2025-01-08. https://link. cnki. net/urlid/
11.2267. N. 20250108. 1411. 006.
Be LAk, FMER, R, . F 8 S ARAL A Ak BF 7 S Ak B A BEX A
R [JOL]. &% TA28 kY5 % 3%, 2025-01-08. hitps://link. cnki. net/
urlid/11. 2267. N. 20250108. 1411. 006.
JIANG H P, YAO J, YANG J H. Pitfalls of China's food security guaran-
tee in the new era and suggestions for solving them[J]. Academic Journal
of Zhongzhou,2019(12) :35-41.
FAeP, RE B AT BARR L ARG E S AR
[J]. M #F],2019(12) :35-41.
DI F X. Logistics cost accounting of edible fungi under the background of
e—commerce| J |. Edible Fungi of China,2021,40(2):141-143.
KF % . CHEZFTERAEHARALHZA]. TERAH,
2021,40(2) : 141-143.
WANG S. Analysis on the change characteristics of crop planting area in
Liaoning province [J]. Agricultural Science & Technology and Equip-
ment,2024(5) :89-91.
E) . TT ARG AR T IESAT[T]. RUEAHE LS,
2024(5):89-91.
LEE C C,ZENG M L, LUO K. How does climate change affect food secu-
rity? evidence from China [J]. Environmental Impact Assessment Re-
view,2024,104:107324.
WANG L M, LIU J,JT F H, et al. Analysis of spatial-temporal dynamic
change of wheat planting structure of China[J]. Chinese Agricultural Sci-
ence Bulletin,2019,35(18):12-23.
EARL TG, F P B R BRI E S & T
(7). P ERFi84E,2019,35(18): 12-23.
LIANG L F,PEI S L,ZHANG Q D, et al. Analysis of interspecific associa-
tions of dominant species in Shanxi Xanthoceras sorbifolia communities
[J]. Forest Resources Management,2018(4) :76-83.
Frvk R Z RS, F . LSRR B EAR B AR ] KB
AF[T]. AR FRE 2 ,2018(4) : 76-83.
ZHU Q. Effects of planting patterns, crop combinations and species diver-
sity on productivity of dryland farmland in semi-arid regions [D]. Lan-
zhou: Lanzhou University,2017.
RAF . AHBER A WS Fo At ST F T F R FRE 4> A
a9 (D] Z 9 20 K 5, 2017
ZHANG Z H,ZHANG X L,LOU Y, et al. Effect of crop structure on nitro-
gen and phosphorus output in farmland catchment of Dali Gusheng area
[J]. Journal of Agro—Environment Science,2025,44(1): 140-152.
RAFI, TR, KT, S AR 2 AT KT A T KR W R R R
Hrh e 1]. RALZRIEAF FIR,2025,44(1) : 140-152.
HANSEN N, OSTERMEIER A. Completely derandomized self-adaptation
in evolution strategies [Jl. Evolutionary Computation, 2001, 9 (2) :
159-195.
KHAN N. A parallel implementation of the covariance matrix adaptation
evolution strategy[ DB/OL]. https://arxiv. org/abs/1805. 11201.
DUAN Q Q,SHAO C,ZHOU G C, et al. Distributed evolution strategies
with multi-level learning for large—scale black—box optimization [J].
IEEE Transactions on Parallel and Distributed Systems, 2024, 35(11) :
2087-2101.
HANSEN N, ARNOLD D V, AUGER A. Evolution strategies [M]. Ber-
lin: Springer,2025:871-898.

(T4 57 48)



