Bl

1 K 2 & ¥ Soybean Science
' http . //ddkx. haasep. cn

2024 ,43(6) .782-792
DOI.. 10. 11861/j. issn. 1000-9841.2024. 06. 0782

FEXEETHNT

#

19

R R BB B 5 R AL T T

-~

B, f/NE

G Tolk K M2 5e eGR4 450001)

Influencing Factors and Optimization Countermeasures of Spatial and Temporal

OE . oRMEIRE t E R SR T A S R A AL, RO R A T R R A TR R, e/ R s G Ry AR T
1985—2022 4FH E R G A=A R AEAE , 2 F ArcGIS 43 M1 R B A 7= B 23 S AR RRAE | 348 8 25 [ AL S AR Y | SCOE 43
MR R A 7 s (A S AR AR 2 i B 2 R4 R AR IR B R BAE P2 A R R SRR, 255 R . () RE K G-/’
SR 2B B RASE B DL IR A A0 RRAE A A 5 (2) FE2S (A% a1 FRIE K G i 2 < AR A b g
P A Al T B i {EL DX A0 ] rh B A B M X RS 5 (3) SR SRR IRk B B HLE 3 ) 4%
AREBER R R X R G A BA B, IF BV KT B B 38 46X K AR 7= BA T ] 19 E 3800
P LA 7 AR A O A P A e AR A R B KOS X Sl A =), s R B B 1 48 S ST AL R AR KSR 3 T I 9 0
AE I BRI, NI R G AR =S WA Ry, FRES AR AR ER A Z 2 B A EEE L,

IR R R A AR s BE N R 38 5 s ) - AR A s [ AR S

Evolution Patterns of Soybean Production in China

LI Zhi, HE Xiaotian
( Center for Grain Economic Research, Henan University of Technology, Zhengzhou 450001, China)

Abstract: In order to accurately grasp the evolution of spatial pattern of China’ s soybean production, identify the key
constraints of soybean production, and improve the spatial layout of soybean, this study analyzed the spatial and temporal
characteristics of soybean production based on the provincial panel data of China’s soybean production in the period of 1985-
2022 by using ArcGIS and constructed the spatial Durbin model, empirically analyzed the influencing factors of the changes in
spatial pattern of China’ s soybean production, and proposed countermeasures to optimize the spatial layout of China’ s soybean
production. The results showed: (1) China’ s soybean production in general was a phased growth trend, and °regional
concentration-national decentralization’ characteristics of the distribution; (2) In the spatial pattern, China’ s soybean
production was ‘ concentrated in the northeast-southwest of the diffusion’ trend, the high value of sown area area gradually
shifted to the central and western regions; (3) The empirical results showed that the level of urbanization, total power of farm
machinery per unit area, technology and policy factors had a significant effect on soybean production and the average rainfall
level of urbanization and policy factors had a positive direct effect on soybean production. It was thus proposed that the spatial
layout of soybean production should be optimized by integrating the regional layout of soybean according to the law of evolution
of soybean production pattern, strengthening the scientific and technological innovation capacity, improving the level of large-
scale cultivation, and upgrading the capacity of disaster prevention and mitigation, and other policy recommendations. The
results of the study are of great significance for guaranteeing China’ s food security.

Keywords : soybean production; time-space evolution; influencing factors; spatial measurement models; spatial correlation
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Fig.2 Trend of total production in China’s main soybean-producing provinces in 1985 —2022
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Table | Distribution of China’s soybean production in 1980 —2022 LRV
4y Year
Bk Province
1980 1990 2000 2010 2022
M52 Tnner Mongolia 12.50 47.60 85.80 149.37 245.40
iLT Liaoning 53.50 42.70 48.10 26.34 27.00
HEHAK Jilin 60.50 93.30 120. 30 90. 18 70.00
BIEIT Heilongjiang 220.50 325.80 450.10 615.38 953.40
Y175 Jiangsu 35.00 45.10 66. 96 58.25 54.80
L Anhui 49.50 55.40 91.50 105.07 94.20
AR Shandong 84.00 84.30 104.56 37.64 58.10
7 F§ Henan 92.00 86.70 115.78 83.91 84.90
k. Hubei 11.50 26.40 45.80 27.68 35.40
PUJIl Sichuan 20.50 34.60 37.40 61.08 105.30
BEVY Shanxi 18.00 29.30 22.20 44.85 30.50
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Table 2 Distribution of soybean sown area in China, 1980 —2022 7. JT hm
A Year
A8, Province
1980 1990 2000 2010 2022
M52 Inner Mongolia 17.13 30.08 79.39 94.27 122.20
L7 Liaoning 47.29 34.90 30.19 12.34 11.53
FAK Jilin 55.65 46.38 53.90 39.92 30.99
SEIT. Heilongjiang 163.01 207.87 286. 83 372.72 493.16
YLJ5 Jiangsu 27.55 24.47 24.92 22.42 21.04
Y Anhui 61.09 52.29 68.22 83.50 61.07
117 Shandong 69.51 44.83 45.82 15.64 21.50
B Henan 91.81 63.96 56.47 44.48 36.36
4t Hubei 17.37 16.47 22.48 10.99 22.99
PUJIl Sichuan 17.10 19.19 16.96 26.07 52.00
BPY Shanxi 21.15 28.85 24.69 20.17 17.43
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2SI M G . ASFRr I8 ] Stata #00F, 24— HEHRI 4B
FEas [ ACE AR, 115 b B KR 30 4 0y (AR
148 ) 1985—2022 4F K 5 7= 1 i 4 J&) Moran’s 1 8
BUA PRI S . T RER AR 3 s,
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Table 3 Global Moran’'s I index values for soybean production in 1985 - 2022

A5y Year Moran's T P-value Z-value A Year Moran's T P-value Z-value
1985 0.218 0.001 3.084 2004 0.214 0.000 4.220
1986 0.185 0.001 3.037 2005 0.213 0.000 4.536
1987 0.202 0.001 3.029 2006 0.145 0. 000 3.431
1988 0.208 0.000 3.596 2007 0.152 0.001 3.034
1989 0.184 0.003 2.779 2008 0.154 0.000 3.465
1990 0.240 0.000 3.603 2009 0.150 0.000 3.374
1991 0.191 0.001 3.100 2010 0.177 0.000 3.670
1992 0.167 0.001 3.254 2011 0.162 0.000 3.542
1993 0.218 0.000 3.541 2012 0.120 0.004 2.655
1994 0.202 0.000 3.369 2013 0.149 0.002 2.910
1995 0.146 0.005 2.550 2014 0.105 0.005 2.556
1996 0. 161 0.002 2.840 2015 0.104 0.009 2.377
1997 0.116 0.002 2.864 2016 0.118 0.004 2.669
1998 0.188 0.002 2.931 2017 0.118 0.001 2.992
1999 0.146 0.004 2.632 2018 0.136 0.002 2.906
2000 0.243 0.000 3.717 2019 0.155 0.001 3.247
2001 0.198 0.000 3.560 2020 0.131 0.001 3.174
2002 0.208 0.000 3.690 2021 0.118 0.002 2.885
2003 0.201 0.000 4.006 2022 0.136 0.000 3.302

i 26 3 Al 0, 1985—2022 4F K H =il 4 Jm B
ZHEBE I IR, R b E A K AR AT
AT M BN IEA G, [H), 1985—2022 4F 42 Jq)
Moran's I $8 50K P 5 R RAG#a % H 1985 4FRY
0.218 FF&Z 2022 411 0. 136, F[&T 37.61% , X
URRA TR B K 7 i S KR G RE B L 551k
34k, R 2 KT R B T A, 1985—2022 4F Y L

IRBE 2 FRRCARI G T 1% & PERG I F I 36 [ ok
A AR B 0 A (R A SR

2.1.2 AT AAALMEAE HE4BHETE,
1985—2022 4F, e FEIH 13 M RARFREE, b1
43.3% , Ut AR K AR 772 g SR AR e , AN 5 2l
HIFEAZS LR R, FEAE B TR AR L T4
— M, R S (H—H) B0 25 a] 1F 5] A
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Table 4 Clustering patterns of soybean production in Chinese provinces in representative years
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Year H-H agglomeration
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1985 LR A TR R LI N

1995 NI W L3S S0P W
2005 75 B LT

2015 LN 301N WOALLT O B L
2022 PN N 700 E % 0 H

HUCHE I BT BT RE CH 2R 1L -
£ IR R )

BT B TR CH LR IR -

B E 8 B
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RTINS AR 37 P
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T ARARAIL A Bl g 052 8 3 i 7K AP AR SR AR Ak i3
PR s R KRR B AR B N R, T 7
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e I A9 SR PR 2 0 e [l O T i 4 5 I A A SR
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Table 5 Variable settings and indicator definitions

SN AR i~z E L
Facter Variant Coding Definition
P s RE= Y FHRE
Explanatory variable
FAR SRR ZR AR Temp SRR
Natural condition factor SEIA R K B Rain LAESE IR K
R TEFR Dama AW Z TR x (KILFERN L ARAE Y b SR
ARSI el Ml ex Empl VSUREI 3R N & I PARSY S SibIE A ]
Social-economic factors WK UL K[ I NEVISYNE]
ARl ik 1t A iR Far ACAE YT 4l ARGl S TR
Agricultural infrastructure AR AR Imi AW REHE R T AL x (R AR T AL AR FE ) S )
B R B T Mach AV WU B T/ K35 P i A
ACMIB KT Traf (BRECED R + BB L) /47 BUX ST AR
BRHER R BA Tech S e B DMU WIS ik
Technology and policy BURIEE D Mo T WA BARAROR 555 3 x (R ARG R AR A R P R b S AR
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Hrp o v(w) = (I, —=pW) ™ =1, +pW +p> W
+p" W LESLM (W) = V(W) (I,B, +

W, M, (W), FHE M, (W) #5011, 5 51
FICER , R —IE TS .

k
y, = [M,(W)“xl,+Mr(W)i2x2r+... +Mn
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+p W4

X, | H VW) i+ V(W) e (5)
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ORI

C(}._
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&,
aW‘L‘ . .
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2.3.2 HIEHLH AWFGE T 0 EdE R 1985—
2022 4EHE 11 AR 724 AR A, 1985—
2022 AF i), 3 B K G B R A AR A AGE E f
R A E 4% Rl AR AR R R R PLE
UIREFE PRI H 1950—2022 4F B ( vh [FH 48 iH4E
%), 1985—2022 AE R EAZ KA AER A H A
F1 AR gk HL 2 ¥R U8 T (o B AR AT Ge 4R %)
(1985—2022 4F) , ~F-¥ R Bk B Bk IR T
E R E G TG, BOR R 2R 7 W B Aok

55 3 e LR S R Aol v BR -5 A A 5 e v AR Y
FUMETHAAS I Bk IR T R SE R
2.4 ZENTERBENEESHN
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FEAFAEAS[A] A AHSENE | A2 GE R [l T RE 7Y 22 T 245 [
AR, AT 35 S A 5 205 2R ) i 2 70 52 o 4 i 8 T
NIRRT R A TR AR B AT S, TR
filt b, SR IHEAR B H 3146 56 55 7 125, 0F 5 4[] il
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A H 3fe TR g 45 2R i B, 2 8] i 5 A5 2R G 46 3
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Table 6 Results of the spatial measurement

model selection test

2 [0] THT A B A R {E

Spatial panel model testing Value Prvalue
LM H 55 LM-lag 3.439 0. 064
LM-test Robust-LM-lag 95.836 0. 000
LM-error 19.054 0. 000

Robust-LM-error 111.452 0.000

LR £ 5 LR-SDM/SEM 43.22 0. 0000
LR-test LR-SDM/SAR 38.21 0.0001
Wald #5 56; Wald-SDM/SEM 49.44 0. 0000
Wald test Wald-SDM/SAR 45.65 0.0000

2.4.2 FAEZRHA R T BIEZEREATA Y
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AL, K E PR 2D 12, 026% 3% FE N
KOG FIRA VB %, (H ) B A SR g, B
1610 ~ 12 CHAREE A 76 20 ~25 CHEKEHRL 455
PERIR T RE 3R T B ok o D) 2 S SR i 45 3%, i
AP A AN 5 AR [ BERE R IR T8 B R L T
CRESL”, B =4 (pwsannong. com) ], “F1
B 7K PR 38 X6 DR T A 7 A% J e AR HLAT B 3 1Y) O 1) 52
Wi, ELIE I T 19 KT 25 P AG 56, 3 W e /K 34
B AL RGP e 23 N 0. 104% , T3k, 5%
GEN LT 7= it 1) 45 (8] 43 A A 2 3 1 BEL A1
L IRE 1% B B K Bl TR EERR, 2
IR IT R, B ¢ e R e B VT K B R R
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Table 7 Spatial Durbin model results

23 [ TE AR T T He A

AR Variant

X W x X
Temp -12.026" "~ 19.917 " **
(-6.130) (4.844)
Rain 0.104*** -0.054
(5.136) (-1.214)
Dama -32.846 73. 461
(-1.131) (1.091)
Empl 0.495 0.699
(1.387) (1.018)
UL 1.853 "~ 4.532% "
(4.897) (5.184)
Far -6.603 23.452
(-0.926) (1.478)
Iri 0.483 10.554*
(0.790) (6.517)
Mach -0.785""* -2.950"**
(-3.094) ( -4.654)
Traf 0.104 -0.354
(0.525) (-1.021)
Tech -2.546 " " 2.714" %"
( -3.903) (3.155)
D 2.381% %" -0.712
(12.524) (-1.524)
tho -0.236" " "
(-3.503)
sigma2_e 3691.588 % * *
(14.291)
observations 418

Heem o T AR 1% 5% A 10% K- g,

and * indicate significant at 1% , 5% and 10%
level, respectively.
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Table 8 Analysis of spatial effects

A B [HE22YeIA RN
Variant Direct effect Indirect effect Aggregate effect
Temp -13.685" " 20.297 ** " 6.612
( -7.280) (5.587) (1.523)
Rain 0.109 " ** -0.071" 0.038
(5.584) (-1.871) (0.847)
Dama -36.387 74.570 38.183
( -1.340) (1.248) (0.584)
Empl 0.450 0.509 0.958
(1.331) (0.876) (1.454)
UL 1.546* " 3.648 %" " 5.193** "
(4.331) (4.773) (5.635)
Far -8.234 23.140°" 14.906
(-1.224) (1.741) (0.967)
Irri —-0.298 9.151** " 8.853 """
( -0.507) (6.295) (5.134)
Mach -0.590" " * —2.488 """ -3.078* "
(-2.653) ( -4.473) ( -5.103)
Traf 0. 147 -0.354 -0.207
(0.748) (-1.155) (-0.607)
Tech -2.749" " * 2.882% " 0.133
(-3.969) (3.265) (0.248)
D 2.468 " " " -1.109* "~ 1.360 "~
(13.323) (-2.869) (3.353)

T T M FRIRTE 1% 5% 1 10% KF FE .

and * indicate significant at 1% , 5% and 10%

level, respectively.
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