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Table 1 Crop planting suitability evaluation index system, suitability standards and weights
- - _ PRUESAUE (a~b, c, d, w) ]
NG EPN IKAE

SME EEWIESESRCC 20~23, 15, 25, 0.0941 20~23, 16, 28, 0.0797 22-24, 16, 28, 0.0678
A H WK i /mm 450~500, 270, 680, 0.1078  450~500, 220, 630, 0.1448 —, — —, 0.1231
=10 °CRf/ C >2500, 2000, —, 0.2467 >2800, 2300, —, 02630  >2600, 2300, —, 0.2237

WY BE% 0~8, —, 30, 0.0419 0~8, —, 30, 0.0295 0~2, —, 8, 0.1827
HA T —, —, —, 0.0839 —, —, —, 0.0886 —, —, —, 0.0609

+HE M —, —, —, 0.0613 —, —, —, 0.0727 —, —, —, 0.0121
+ 2R /em >50, —, —, 0.0568 > 50, —, —, 0.0340 >100, —, —, 0.0383
HHLF/(g/kg) —, —, —, 0.0305 —, —, —, 0.0340 —, —,—, 0.0121
HEH (mg/kg) —, —, —, 0.0146 —, —, —, 0.0139 —, —, —, 0.0050
H R (mg/kg) —, —, —, 0.0146 —, —, —, 0.0139 —, —, —, 0.0050
pH 6.0~6.5, 5.2, 7.5, 0.1101 5.0~7.0, 5.2, 8.0,0.1076  5.5~6.0, 5.2, 8.2, 0.0258

O M —, —, —, 0.0386 —, —, —, 0.0259 —, — —, 0.0841
Eilavia —, —, —, 0.0551 —, —, —, 0.0445 —, — —, 0.0841
HEVERE R RE —, —, —, 0.0092 —, —, —, 0.0075 —, — —, 0.0146
FHHIE R 7 5L —, —,—,0.0183 —, —, —, 0.0201 —, — —, 0.0319
B drophas e —, —, —, 0.0165 —, —, —, 0.0201 —, — —, 0.0290
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hood); d AR AR REMR i B O BEMRYBRIREE RS sy h— P IUETE A [1, 10] A#b
BRE HHEAKIT .

F=SV-SL (16)
SV: Evi/VmaxSum (17)
i=1
— LSum _LminSum

max Sum min Sum

e SIS ENE A bRSE IR B RO n R REMC B ()5 v S i DR BRI YIS B
P Vs JI BT FLALE RS BRI SLOVIZASARE, S UL R Lo
N SEBRACAT SR Y BEAR S 5 Lo FIBEATT SRy B SRR I B REAR TS 5 Linassin PR BE AR
REMIISZAATE . EAHARIAR Sy ARG o SV INER SL s/ INaT 4 i A1 Jmy RO AL R E

2 ERAT

2.1 EFER S EEE S

5T XN RV E DA 0 25 (8 B AR R R 25 5 o S5 G KAE . FORFIR & =Rl =2
VEYFIAE S ()35 PR RN AreGIS H SR T s 7 28 R AT il B e — 08, 43 i B
(S1). #3EH (S2). WAFIEH (S3) HZEH (S4) FAEE (N) AR (K2,
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VI T T ey [ BOIME e v i X (257 8 5 4 e o 7 NS o 1 LY ST UNER 6 7 S Y
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FRERGE FLIX (S2) AP AR EIX (S3) MR i BF G A AR L9 /=35 79.88%, i ELPE iy
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S B WS IX 2 12.65% BB A& B R K 5, H R SRR 3 B e (X
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BV ER, Hofh DX 38 R R R, B X R S R o 7 3 pH X — BRI R R
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Table 2 Classification statistics of main crop planting suitability in the study area

1) SLNER 2 N S4 S3 S2 S1
J5Hl EEEME 0 (0, 75] (75, 80] (80, 85] (85, 100]
7K FE TAFkm’? 6798.41 694.89 475.09 286.37 52.66
/% 81.84 8.36 5.72 3.45 0.63
ok T /km? 0.02 1572.16 3317.53 3318.62 99.10
/% 0 18.93 39.93 39.95 1.19
K T A km? 1051.28 62.13 1375.34 4671.95 1146.73

L f6il/% 12.65 0.75 16.56 56.24 13.80
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Fig. 3 The planting suitability of main crops in the study area
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Table 3 Comparison of the benefit loss between current cultivated land use structure
and the optimization results in the study area
ZURGEAR RE B ERER IR KA BREIE  IRBE ik AERRGEHUR ARG ik
Bk 0.31 0.19 0.45 0.12 0.14 0.24
e 0.26 0.25 0.06 0.06 0.09 0.15
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T 156 A 113 YGEAR, B BE R AU TR, ka0 i 2 50, A3 3 TR A
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Table 4 Statistics on the area of cultivated land rotation layout in the study area and its comparison with the status quo
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ez 181.42 2.18 288.16 3.47 139023 1390.23 16.73
FER 442 .94 5.33 509.60 6.13 73908 739.08 8.89

At 1059.96 12.76 1286.04 15.48 278414 2784.14 33.51
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Fig. 4 Layout of cultivated land rotation in the study area
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x5 AEBE=ETHRXHMAHABEEREIT

Table 5 Statistics on the area of cultivated land fallow layout in different scenarios in the study area

il 52 T3
x4 A8 b e i BB A b
(100 mx100 m)  THIFLELABI/% (100 mx100 m)  THIFALLH1/% (100 mx100 m)  TIFLLLA1/%
mell 980 0.12 1584 0.19 36202 436
1§78 26445 3.18 58085 6.99 96025 11.56
FER 14121 1.70 23423 2.82 33957 4.09
it 41546 5.00 83092 10.00 166184 20.00
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Fig. 5 Layout of cultivated land fallow in different scenarios in the study area
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Spatial reconstruction of farmland rotation and fallow in the
typical black soil region of Northeast China

SONG Ge'?, ZHANG Hong-mei’
(1. School of Humanities and Law, Northeast University, Shenyang 110169, China;
2. Key Laboratory of Land Protection and Use, Department of Natural Resources of Liaoning Province,

Shenyang 110169, China; 3. School of Public Management, Liaoning University, Shenyang 110136, China)

Abstract: Rotation and fallow are important means to ensure the sustainable utilization of
cultivated land resources in black soil regions. Determining the scale and spatial distribution of
cultivated land for crop rotation and fallow scientifically is of great significance for
undertaking land reclamation, improving soil fertility, and balancing the structure of food
supply and demand in the black soil regions. Taking the typical black soil regions in Northeast
China: Keshan county, Baiquan county, and Yi'an county as the research area, this paper
reconstructs the farmland rotation and fallow layout at the plot scale by using the crop planting
suitability evaluation model, multi-objective optimization (MOP) model, and agent-based land
layout optimization allocation (AgentLA) model. Findings show that: (1) There are obvious
spatial differences between high-value and low-value areas of the planting suitability of main
crops. The high-value areas of corn and soybean planting suitability intersect in the north of
Yi'an and the west of Keshan, which are the dominant areas of corn-soybean rotation. And the
low-value areas converge in the south of Yi'an and the southwest of Baiquan, which are the key
areas for fallow farming. (2) The crop rotation scale based on the optimization of the planting
structure has achieved an increase in the proportion of soybean planting and a decrease in corn
planting, alleviating the contradiction between the current phased oversupply of corn and
insufficient supply of soybeans. Determining the scale of fallow by setting a variety of food
supply and demand scenarios is conducive to flexibly responding to changes in the food
market. (3) A rotation and fallow layout that takes into account the planting suitability and
agglomeration of cultivated land is conducive to making full use of the comparative advantages
of cultivated land resource endowments, developing large- scale operations, and playing an
important role in improving the efficiency of cultivated land use. This research has helped to
realize the simultaneous improvement of the spatial suitability, spatial agglomeration,
rationality of planting structure, and the stability of food supply and demand of cultivated land,
by rationally reconstructing the farmland rotation and fallow space in the black soil region,
which provides policy reference for realizing sustainable utilization of cultivated land resources
and food security in black soil regions.

Keywords: sustainable use of cultivated land; crop rotation and fallow; spatial reconstruction;

food security; typical black soil region in Northeast China



