108

39k HE2M
2023 & 11 A

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.39 No.21
Nov. 2023

RILWX KRB B ~ZFE S FFEREZRE RS
B # k. A WAE, KEHE . TRHA. KR

(el KRR 524, N 430070)

++
(=)= ]

T

B OE: (EAPEREENREEX, RICHIX G A SR g R S5 7 7 A% . BRI AR b X K S
B AY AR E S R N R, ST E CERG” S LRe s Eena” RAEER Y. SRR A
Bk51% (Google Earth Engine, GEE) V&, KHZRHEBNLARMNISSZET77%, $2I 2022 R G RME 2 A A5 5, 45
A Z BT FESL (leaf area index, LAD H¥ 5 Szl @ @ K S AL =R, BN X 30K & 000 2= 0] 73 b 4, 12
FH M B R0 % 5 BT K S B S A 2 AR S R 2. 5 ERE M 1) 2022 A AR AL X K SRR T AR A B RS
JEi% 89.48%, Kappa ZEN 0.89, S4iHEdE 2 MMvERE (RD 8 0.92, KEMHEEAHILMEEEK, KEMEX
T BT FARECF FE X, EOM T4, 2) 2022 R ALK K G P 877 2 514.08 kg/hm?, 5 S5 &2 18] ()
R* 9 0.72. KEHPEFESAERELE (P<0.01), EIHIEEFMEIRKIOMAEE. 3) HHRA . 3 pH K=
KU R AR R T B 23 B o SR AE A B R 3 BRI, g (BN 0.27. 0.24 A1 0.24. FHREMNFELH R, FHP%
N MG DL 3828 2 N K G 2 MR K 5 B o () e RS A i L) 3 WS EL IR F, q {H 18 0.44. 0.40 A1
0.40. NAKEM KGR ZREMEE (P<0.00), KEAME. KERN . RUFEBRIR. Vs . B
6 R0 ST 22 LA S Y 40 0 4 801~7 500 TG/hm>. 5 601~5 800 TG/t 13.6x10°~26.4x10* hm®. 252x10*~436x10*
kW. 2500~2 602 JG/t BA & 1.4%~1.8%. A4 X K& B =75 25 (8] b 230 i b m) pa s i a9, B 35 1 28 1) ¢ i
. KERF2ERSRZHRRK S NNRKRNLREZW, BRRKEESER, NRRZREER.

R 13 B@; 4 TS RRAE RIENE, AWK, SREMAAK; K2¥F

doi: 10.11975/}.issn.1002-6819.202306163
FESES: S127 MHEFRERE: A

TR, #EW, B, F RICMXKTR~FESFFHEREZWME RS KL TES®R, 2023, 3921): 108-119.
doi: 10.11975/5.issn.1002-6819.202306163 http://www.tcsae.org

WANG Chen, CHU Lin, YANG Zhe, et al. Spatial heterogeneity and determinants of soybean yield in Northeast China[J].
Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2023, 39(21): 108-119. (in Chinese
with English abstract) doi: 10.11975/5.issn.1002-6819.202306163 http://www.tcsae.org

XERS: 1002-6819(2023)-21-0108-12

0 51 5

REAENRR R S AL, SC Rk
WMAEMEHEA %A, RIVKETENRERE LS
FREE, PEZMFREEE, KEH DR 5HE
JE A SR 5 o B AT KT R B R AR Il R R
J&, NATDW K EL IR SR IE 1 A= R, 7 /5 ik
FUZH R, A B AR H E A Dy dt &
XFAZ B, A AR A FS ST A [ B 5 R M AR 7 S B
T 2002 FFEHIE TR RERMIUTRISEE TR, 2R
HEBTE R 1 KBS B K ARG TE 4 M AN
. Nt BIRIRKE HSAER, 2019 FrhR—53CfF
SRS R CREHRMER U, kR ekl k4
ERIPERCE N L, SRS K AN BRAE, K S
L XA e 8. ARAEH XA Dy e 32 AR B AR 3

Wk H#E: 2023-06-24  BITHE: 2023-11-11

HETH: EFRHEOPFRIRITE (2021YFD1500703)

PEE TN R, WA IT M AL SR IR B 8

Email: wangchen3013@163.com

KIBEMER: w8k, WL, BIBER, W57 Ry BRI S I
5 X E S35 . Email:  chulin@mail.hzau.edu.cn

KA AR

P, HKEMEEEEEA AR 2P, REFRE
AR CEMRAT . RICHIX KSR RIS KRS
FENVHR I I E AR, BT 2R b Hh XK & B A ] 43 e
FRAE K HZm R R, ST IREFERT ARG HEE
EM .

R 77 5 pH b A T AR RN A T AR P 3 R R e
Forp K TR T R S B ME D R, v R R K SR
22 1) 43 AT 1 A2 R XAl 7= i B 2T 4. R AR R T
AR AT DL I A% 40 1) A% ol 1 2 A B R OR 3RS, 1 R
AR R E A SR ACE B, AR S [ 5 ) e, ©
25 RRCA R R Y T P K O A T AR R B A R R
T IRAE O R AR EE, 0 GF #4515 MODIS,
Landsat'). Sentinel-2 LA K £ Y5 it & 304 ™ &%, #Z2 H
TRAEYPME AR P2 E . Ho, Sentinel-2 HHT A= 1)
Hi oy FeaR L W HRR DL K 3 N B, TEARAED
SRPERZ AP, A, BRRGBONTE 6
JIFAAS[RIVEDD AR S 10 5 ) B SR EE 9 e 17 2 JBAE i)
P53 SRFAE, [RS8 Y0 B AZ A B 2 UK VS FEE D)
AL T H B, SRR I, B S
R AEAR B ()3 B P A B I T o B AR,
PSR o3 U RN BE AL AR bR 4 S S o R VE A )z A


https://doi.org/10.11975/j.issn.1002-6819.202306163
https://doi.org/10.11975/j.issn.1002-6819.202306163
https://doi.org/10.11975/j.issn.1002-6819.202306163
https://doi.org/10.11975/j.issn.1002-6819.202306163
https://doi.org/10.11975/j.issn.1002-6819.202306163
https://doi.org/10.11975/j.issn.1002-6819.202306163
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202306163
https://doi.org/10.11975/j.issn.1002-6819.202306163
https://doi.org/10.11975/j.issn.1002-6819.202306163
http://www.tcsae.org
mailto:wangchen3013@163.com
mailto:chulin@mail.hzau.edu.cn

21 W

TR RACH ORGP 2 A 7 SRR A S SR B 2 M 109

H, BENLARAR SR W] LUd i BEA LA A FIARFAE 1 SR (I8 4%,
FEARBE A L 40L& i AU, B B iz Aee . JeILAE
Aub P v A AR 0 S A 7 T I SR & N . A,
73 RRFAEAR B R 1% P42 0 R 70 KR 15 T A o E 1 R 3R
Z—, GURRE. ARAE . BTARFRAE . S5 ) ECH R
J: DEM S8 RHAIE AT AR Y T AR E D R 732K

WF S0 R R AR S Ak = O vEN L Gt TR O i,
B A 5 iU g BT RN S SRR e . R
FEREIRT . RHEAZEW. SERfiRm s, #£RIX
BORPE R RS R ST A R A . BT
A R B, R R VR s R E I A KA R
FERETAEY I 5 B M AR R Y, LR R
ARG TF A=l DL AME BN B Al 7
15 DA B A B PR B G T Al = X 3 R . HE b R 4
et Al 7 B A AR AR A 20 I S Bl A A S I A
W B FINE B — I R R R HR S P RS GG
Fo MWEARFITHMER, FAPI KRR F1k G
S RAED AT AR F R AR A8 B Gt v 4l 7 A5 kAT B il
So FET R B 2 WAL 7, AERVEY)RE I AG
PEATIE AR AR Bz A P

H AR BN N S5 2 P R A BAE A AH B
Wi, FEERE TARIEYIBRA T BINIEA, &R T XK
TEP= RS M 2R . HARAEE SR & &Y fin4¢
RSN R, WP AR SN R DL
MRS, AR P R g pH (P SEIABEIR R, XLk
A 3% 2 YOE DR = 2 E AR R . [, A
A, 0 U IR T R K BE A ER P AR RO
X WXPRAEY - R mE CEAEM . Rt
X KRE 820 RARROE 2T, W) ZH
KR FI R 2 RS HL . BRI, R B OK & B = 23 ) 9 S
GRELNE- AN TR S i€ N is - AL LIPS =N A e N
FEARSCHE AT, R 0T g R0 DA R 2
PR A0 Sy, (IR TR, U ER R0 A R L R 8
FE A [A) RO _Eoof 22 A R 3R S FOAR B I BEAT 0T 9, JF4R
SRR e SO ohul 5157 i B = X Sl 5 Y VA
T iz v AR,

WAL TR 51 % (Google Earth Engine, GEE)
&, RHABENIARIR S K2R IOR TR 2 8] 7 (S S
G5 TR RO S AN SN R, AR K T A R AR A LA
BAY, RAT AR bt X R B 7 I 2 B) 40 A, BH BT R
PR )5 SRR, R H B SRIRIEAN N A S A S U7 T B
A5 FH s BEARIN 8 x6f K B 27 ] 43 S HEAT E B 23y
DU E R G A Ra g KR, 2R AL IX K G A ™ 1 7
REERSE,

1 MRS REE
1.1 HRXER

ZRICHLIX (38°72'N~53°56'N, 115°52'E~135°09'E)
FEREILA. HFHE. LTEAMAZEEBRXRE =10
— W (AR DURT . @I T ARIET A2 D, B
B 125 75 km® (B 1.

116°E 120°E 124°E 128°E 132°E

50°N
50°N

46°N

46°N

42°N

/L X % Northeast China
M Sk TS
> Measu

[ Y(B7ESHERITEN
o Measured sample points of crop typ

Yes % £
116°E 120°E 124°E 128°E 132°E

H1 FRREFLEE
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Table 1 Random forest classification features
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BS kB
B6 kB

B7 kB
BS B
SZETRH (GD
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Ja AU &5 (VYD
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Table 2 Soybean yield estimation model based on leaf area index

(LAI) temporal curve feature parameters

V(X'), = 2

FEFIESHL A Y YesE RH

Characteristic parameters Yield estimation models R
7 ¥ LAl Y = 662.86X +1185.15 0.54

7 A &K LAI Y = -91.13X2 + 1565.40X —2180.52 0.73

8 A ¥ LAI Y = —367.20X? +3370.87X — 3542.41 0.58

8 Ak LAI Y = —271.37X2 +2995.38X — 4330.84 0.65
EES Sy Y =531.31X +585.33 0.75
A H P LAL Y = —207.67X2 +2318.12X — 1350.62 0.64
EH W LAL brilE % Y = —1557.99X2 + 6749.27X — 3235.46 0.58
HZ LAL BN Y =1179.3In(X) + 5621.40 0.41
EH R LAL Y = —10.36X2 +730.68X — 8586.30 0.36
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Table 3 Influencing factors of spatial heterogeneity of
soybean yield per unit

[X| 2252 Factor types %A Each factors
B (X)) B (X))
Wk (X)), SRR ().
ISR 2 RS E (X)) BEBSE (X).

+IEpHAE (X)) FEEE (X))
EEEE (X)), BEEE (X0
BIREE (X)) EBFER (X,
KBRFaSE (X FRE (X
WIEATHE (X9 ANAEE (X))
R (X)) RLEE (X
FOVEBEHIRL (X9)« AAMHIRESI ST (o)
TEZE (X)) KREAME (X))
KERM (X)) BERMAEE (X))«
WHELE (X

A2 E AR FH AR 25 AT LATRU) 5 e D] 302 5 5 K T B PR
BA ML m, sFE e EERZ S (555
T RGP RRE S, R AR B AR S T HoAh S i 7
DR 4 BTE SR R RO T 1Y) g B IR
FLORIN, JE T 0 W A0 B 52 79 TR - 10 28 TELAE R # K/ N
i (R4,

R4 ATBEZESRFEHMET X, X)

ZEER%E

Interaction types of influencing factors (X}, X;) of spatial

Natural factors

NS

Anthropogenic factors

Table 4
heterogeneity of soybean yield of per unit
JWr [X 8] Criterion of interval 22 HAEH] Interaction

q(XiNX;) < Min(g(X)), ¢(X2)) LTS
Min(g(X)), ¢(X2)) < ¢(XiNXy) < Max(q(X1), ¢(X3)) LS B2 U R0
q(XiNX;) > Max(¢(X)), ¢(X2)) LA T 5
gXiNX;) = g(X) + g(X2) 71V
gXNX) > (X)) + g(Xo) AR

T g(XNXy) AFETF X, FX, ZZEAEH: Min(g(X)), (X)) AFEF X, F1 X,
M1 F 5 2 B /IME s Max(g(X), g(Xa)) IR X, R X T4 R A B K s
q(X)) + q(X) AET X, F1X, KPR R & sk

Note: ¢(X;NX;) means the interaction of the driving factor X; and X,; Min(q(X)),
q(X,)) means the minimum of the driving force of X and driving force of Xj;
Max(g(X)), g(X;)) means the maximum of the driving force of X, and driving force
of X; ¢(X)) + ¢(X;) means the sum of the driving force of X, and driving force of X;.
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PN
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bl
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Spatial heterogeneity and determinants of soybean yield
in Northeast China

WANG Chen, CHU Lin™, YANG Zhe, YANG Zhenhao, ZHANG Xinya, WANG Tianwei, CAI Chongfa
(College of Resources and Environment, Huazhong Agricultural University 430070, China)

Abstract: Northeast China (NEC) has been the major soybean-producing region in China. Hence, it is very necessary to
explore the spatial heterogeneity of soybean yield per unit in the NEC, in order to fully meet the current import and export
production and demand. In this study, a multi-feature random forest (RF)-based classification was used to extract the spatial
pattern of soybeans in 2022 using the Google Earth Engine (GEE) platform. The time series leaf area index (LAI) data was also
combined with the field-measured yield. A soybean yield estimation model was established to characterize the spatial
heterogeneity of regional soybean yield per unit. A geographic detector model was used to quantitatively explore the
influencing factors. The results show that: 1) The overall accuracy of the soybean planting area reached 89.48% after
extraction, with the Kappa coefficient of 0.89, and the coefficient of determination R* was 0.92 between the soybean planting
areas extracted from remote sensing and the statistical data of prefecture-level city. There was a marked spatial decrease in the
planting area of soybeans from the northern to the southern NEC. The soybean planting areas were concentrated mainly in the
Songnen Plain. Suihua City was found in the center of gravity for the soybean planting areas in the NEC. 2) The average
soybean yield per unit was 2 514.08 kg/hm® in the NEC. The coefficient of determination R* was 0.72, compared with the
actual measured yield per unit. There was a significantly clustered spatial distribution of soybean yield per unit in the NEC. The
areas with the high values were located mainly in the northern part of the NEC, whereas, the areas with the low values were in
the southern. 3) Three dominant independent factors with the most pronounced spatial heterogeneity of soybean yield per unit
were ranked in the descending order of the soil type, soil pH, and soybean subsidies, with q values of 0.27, 0.24, and 0.24,
respectively. The three most significant interaction factors were to explain the spatial heterogeneity in the soybean yield per
unit, including the interaction between mean annual rainfall and mean annual cumulative temperature, the interaction between
mean annual rainfall and soybean subsidies, and the interaction between soil type and soybean subsidies, with q values of 0.44,
0.40 and 0.40, respectively. Six anthropogenic factors presented the significant impacts on the spatial heterogeneity of soybean
yield per unit, namely soybean subsidies, soybean prices, agricultural irrigation area, total power of agricultural machinery,
fertilizer prices, and illiteracy rate. Their optimal impact ranges varied significantly, where the optimal impact ranges were
from 4 801 to 7 500 yuan/hm’, from 5 601 to 5 800 yuan/t, from 13.6x10" to 26.4x10* hm?, from 252x10* to 436x10* kW, from
2500 to 2 602 yuan/t and from 1.4% to 1.8%, respectively. There was a significant spatial heterogeneity of soybean yield per
unit in the NEC, with an overall decreasing trend from the north to the south. This variation trend can be primarily driven by
natural factors also subjected to human intervention.

Keywords: soils; rainfall; crops; spatial heterogeneity; geo-detector; Northeast China; multi-feature random forest; soybean
yield per unit
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