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Research progress on response and adaptation of soybean production to climate
change’

WANG Chen, XIAO Dengpan**, LU Yang, CHEN Xinmin, TAN Haonan, SUN Maoyuan

(College of Geographical Sciences, Hebei Normal University / Key Laboratory of Environmental Change and Ecological Construction of
Hebei Province, Shijiazhuang 050024, China)

Abstract: Climate change, characterized by climate warming, has had a significant impact on soybean production worldwide. Based
on a comprehensive review of relevant domestic and international literature, this study systematically summarizes current research
methods on climate change and soybean production, illustrates the response of soybean phenology and yield to climate change, and
proposes adaptive management suggestions. The main conclusions are as follows: 1) Research methods for the impact of climate
change on soybean production mainly include field experiment observations, statistical analysis, and crop model simulation. The ob-
servation method of the field experiment is the most intuitive, and the statistical analysis method can guarantee the reliability and ob-
jectivity of the results. The model simulation method has strong mechanical rationality and a good extrapolation effect. Currently, ar-
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tificial intelligence (AI) technologies such as machine learning, deep learning, and reinforcement learning can be utilized to enhance
the accuracy of model simulations. Future research should integrate multiple methodologies to reduce the error of a single method and
increase the accuracy of research on the response and adaptation of soybean production to climate change. 2) The impact of climate
change on soybean production mainly stems from fluctuations in key climatic factors such as temperature, precipitation, radiation, and
CO, concentration. These factors directly affect the entire growth process of soybean, not only causing changes in the phenological
period and yield but also influencing quality. At present, research on the impact of climate change on soybean production has mainly
focused on two aspects: changes in the growth period and fluctuations in yield. Due to regional differences in climate change, the de-
gree of response of soybean phenology and yield to climate change worldwide shows significant spatial heterogeneity. Overall, for
every 1 C increase in temperature, the entire growth period of soybean will be shortened by 5.9 days and the yield will decrease by
6.85%. Both precipitation and sunshine duration can shift the phenological period of soybean. Meanwhile, for every 10 mm decrease
in precipitation, the soybean yield decreases by 2.13%. However, owing to global warming, the concentration of CO, continues to in-
crease. The fertilization effect of CO, can offset the negative impacts of climate change on soybean yield to some extent. Specifically,
for every 10 umol-mol ™ increase in CO, concentration, the yield will increase by 0.52%. 3) In terms of adjustment management meas-
ures, practices such as variety replacement, sowing date adjustment, and technology upgrades should be implemented to improve soy-
bean yield potential and compensate for the negative impacts of climate change. In addition, policy subsidies, agricultural insurance,
the application of the Internet of Things, and artificial intelligence technologies are important measures to compensate for the damage

to soybean production caused by climate change.

Keywords: climate change; soybean; phenology; yield; agricultural management measures
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Table 1 Characteristics of soybean crop growth models and their application

HEHY TF A EAL Pt (733 B
Model Development unit Advantage Disadvantage Application
APSIM  IRRFILIIRRL T BHAbE, 25t LR, 2 e = T B B 4Ll 1995—20044F F12085—20944FCO,
W BFGT AR R A+ 22 AR RIBEE J7 2 X EREE R Canopy temperature module is lacking T 4518 T M i S g 56 [ K G AE P2 1Y
K 7 AT FE 4 U )
CSIRO, Modular structure, high flexibility; with Simulation of the effects of extreme
The University of  soil as the core, it can simulate different climate on soybean production in the
Queensland farming methods; it is sensitive to yield United States during 1995-2004 and
changes in extreme environments 20852094 under elevated CO,™”
DSSAT EEMY Bk K FHSHEMN; MFFCERESRIAL  BHUK /MMM T BEE KRIAATE ST SRR AL R A T [ R 7 e i
&2 S CROPGRO S AFYE RIS R HIEY) Jr R 73 sk R TIUI
Institute of Agronomy, A Modeling crop growth under water Analysis of the historical and projected
University of Florida Detailed management parameters; stress has limitation impacts of climate change and technology
including CERES series model, on soybean production in China""

CROPGRO beans crop model and other
series of crop models

WOFOST fif 22 FUf TARK2EA W AEY T BOE RO IR RSB IEIREEMEA M T5 . k. Wl J3H72004—2021 4 THEXS P I

R AT T L ARG E FTEZ MR TESNTNER; BE A S £ Tk
Wageningen University ~ Crop dry matter formation can be External factors such as environmental The effects of rising temperature on yield
& Research, calculated and distributed to different stress, drought, frost, pests and diseases  of Hailun soybean from 2004 to 2021
CWFS organs; strong repeatability are not considered; too many input were analyzed™”

parameters to the model

AquaCrop  BREEMRAZ  FIRAASEUD; FUm S, BT TR XSS R AR E; X’EWE% FiE12041—21004F, 3 51961—1990%F

FAO Fewer input parameters; the interface is MUK ER 7R EE 8 150 AH L, FEIRGETD YR T 7= A Ak
simple and intuitive The simulation results in rain-fed areas ~ Simulation of soybean yield changes in
are not stable; it is difficult to simulate Serbia in 2041-2100 compared to
the effects of water, salt and 1961-1990%"

temperature stress

MONICA  faif 2 FUBR TAR K2 FliiBEW A KX COMREERNR EE a2 R Fe5r % IEAEY AR 225, TR oE A2015—20194FF12035—20404F ],

Wageningen University W /7 IS REFRER; FL 4 H S0l & /Y TEMSHUE %ﬁﬁ%*ﬂ{’l‘%%ﬁﬁ]ﬁ Ehsthp
& Research Jite AE I AR The difference of crop varieties is not PN Ry 0)-A T
The function of describing the response fully considered, and the crop Simulation of the effects of climate change
of crop growth to CO, concentration and parameter set needs to be broadened and crop management on soybean yields in
temperature stress is strong; equipped the southern Amazon between 2015-2019
with automatically triggered fertilization and 2035-2040""
and irrigation programs
RZWQM SR A HTE AL 5 ZRMEYBRL X EHOKAMFIRR Mot B2 FIHIRZWQM ') CROPGROAI
&35 PRI EBAUBOR T The simulation effect of leaf area  HERMESHIEI/} HII22015—20184F<
ARS Includes multiple crop models; the index is poor TR AT S EM R = AR e
simulation effect of soil water and CROPGRO and HERMES models in
nitrogen is good RZWQM were used to simulate soybean

yield changes in the United States during
2015-2018 under temperature increase” '

STICS BEAORARE XINOHE . +H5OKs3I Ty, HHERE AT 2N T AR ARSI BH1971—20004FE F12041—2 10045 i

INRA ESRRIIRORAS, £ LIRS K FFAERIBR AW IE- N TPNERE NS B Y
bk R G007 e R A There are limitations in simulating ~ Simulation of soybean growth period in
The simulation results of N,O emission, crop growth under drought stress ~ Canada during 1971-2000 and 2041-2100
soil water dynamics, soil temperature and under climate change"”

other parameters are good, and the
performance of soil management system
and no-till system is good

JULES  BEEAERSAKSCHL . RS HER IR %f%ﬁt gl X =p0) T(MJE 95 L R RSP R AU 1E1961—20054E/12005—21004F0;

Y[ TR AR AT pNA AL JIHFFAEAE; - TR SE COMRBERI G 2R T A (1
FRAFFHPUGILTE It can calibrate ozone damage parameters 2 [ 43RS &, K T REAS 237 AL S R B
kK and quantify the effect of ozone on P ERAESE To quantify the effects and relative
CEH&BGS&NCAS soybeans There are deficiencies in the simulation  importance of O;, CO, concentrations,
of irrigation, pests and diseases and and meteorology on global soybean
nitrogen cycle; the parameters used for production during 1961-2005 and
crop models come from global settings 2005-21008"

and therefore may not be the best
parameters for field simulation

EPIC K E AR TER S T XA E R A PEA Jr A AL R B b BR824 7% M EPICRIR 5 GIS , Hlav~£ 455, FE(K
USDA g STFRERMBIRE B AR MBS ACRAG X RRE YRR KT = R AR
Advantages in assessing the impact of AR A e The EPIC model is combined with GIS and
extreme drought on crops; the simulation The model requires high data quality; machine learning to reduce the uncertainty
accuracy of water and salt is higher the operation efficiency of some of global future soybean yield forecast™*!

complex modules is low; the degree of
refinement for specific crops needs to
be improved
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Table 2  Effects of precipitation on soybean phenology in different regions

WFEIX WFIERH FEEER SCifk
Study area Study period Result Reference
PN 2008—2010 L JE AT B A P IS 2 M A0 B A T A B SR 1 HOR T R M) [44]
Canada 2017—2018 Longer periods of precipitation in southern Manitoba than in eastern Ontario delayed soybean flowering
EEFHEIEM 20002018 KIZFEFY GHGEHIE SRR IER0.03 dmm W IEACHE; 2B E IR E SERTEIKIER0.01  [43]

Kentucky, USA

d-mm Y IEAR G

There was a positive correlation between sowing date and harvest date of soybean and precipitation of 0.03
d'-mm™'; There was a positive correlation between whole growth period length and accumulated precipitation
in the growing season at 0.01 d'mm"

1 1992—2018  HHEFII(54.90% 0 1) . A HI(58.86% 1l ) . =11 (64.7 1% 435 s ) FIFF AL (54.90% sl pii ) Xof [16]
China AR S TE AR, 45 S 01(50.98% AY3 st ) RN (52.94% ik 1) 5 6 SUdk: s & IR /K K T S

AR, A gt AR ) 0 SRR P £ R [(0.1040.02) d-(10 mm) ]
Sowing (54.90% of sites), emergence (58.86% of sites), third node (64.71% of sites) and flowering (54.90%
of sites) were positively sensitive to precipitation, while podding (50.98% of sites) and maturity (52.94% of
sites) were negatively sensitive; the precipitation in China extended the key growth period, and the sensitivity
of reproductive growth period was the highest [(0.10+0.02) d-(10 mm) ']

hE 1981—2010

A ETE R ZX, HEWI[-0.515 d-(100 mm) '], FFAEWI[—0.628 d-(100 mm) 'TLL K& FR A4 K 2] [45]

China [0.03 d-(100 mm) "X B3 1K ik 5L R fsdt; #EFRIDI[0.007 d-(100 mm) '], ALEAIHI[0.875 d-(100
mm) TR A A [0.897 d-(100 mm) RIS A F I [0.499 d-(100 mm) TR BI TR K SR B IR GRUS M
In the main soybean producing areas in eastern China, emergence [-0.515 d-(100 mm) '], flowering [-0.628
d-(100 mm) 'Jand vegetative growth period [-0.03 d-(100 mm) '] showed negative sensitivity to accumulated
precipitation; sowing [0.007 d-(100 mm) '], maturity [0.875 d-(100 mm) '], reproductive growth period
[0.897 d-(100 mm) '] and whole growth period [0.499 d-(100 mm) '] showed positive sensitivity to

precipitation

—0.07 A1 0.11 d ™, i A< b b X K £ Hioh o5 1981—
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EFBEER 3 d LR,
22 SETUXMAE=ERNZIE

SR LB R . FEOK & CO, W AR
W) KWL i, B WE SR R B, A2 AR A 1 AR
Py i T AEAS TR L XA T AN [ 3k B F 12 4 X
) 43 B RIS O P A R i) R T B T A R A
PR, W o 32 S b

H T, 2 BRASBE O BN 52 0 K 57 f: 1 G B A
2, IF L BT AR L A4 4 Bk b 3 38 B AR B F5 2
Fho BV B RE RS AR 2 UG, 2R
FTE 1 C, PR R R 6.85% (18] 2a), {H R — 28 [ 5
e, 26 37 R R A N AR T T AU AR Ak
W R . HAT, RS e — g
g, AR AN v 25 i X R T BN, AR 4 b X
PRI 3R DR A s A X IR R A, 2 K 2
JE T 5 AT R RE K K G A K i ] AR A MR T
FEA R, T4 7 i I 4 e X T v
S 68 1 R T B A K A R S L 3 e

ROEL =B 0 P K B A I A OGS &R, MK i B3
B 10 mm, K& =N 2.13% (K] 2b), 1% 5 Cai 25
et P25 AT o BN RS ™ B A ) 2 2l i
SEMA L A HEK RO . GG R S 4 S SRR
W RE S, AR B K A R B e R AR AT AR,
ALK, AR TOCEERHT, & BEZ ALY

W, R e B SR R LR . 7E AR R A R B B, [
KGN RE R R LA SR, RN RL IR, K
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Rk A AL B BARME— KIS . #F 1981—2017 411 JJj
ST, A AR AL DX K 82 43.99 mm, FEK
TR R 14.0%", 2040—2070 4E, g #E v
K AR 40 U 2> 1.59 il 38 mm-(10a) !, K G 7 )
TR 0.59%~1.39% Fl 6.48%:(10a) ' ),

LIRS ETF BT, CO, MBI, 8 5
[ CO, ¥ B 23 52 K G < ALAT h, B A K
330 3o 28 B B e, DT 4 155 7K o0 R R DL KO A
PEREY, SJentpomrse 2, ) 2050 4F, 2FR CO, H
-F+25 umol-mol +(10a) ', i K& =& L7t 1.8%:(10a) ',
CO, it A% 7T LAFBME A 58 38 ST 4K
PR R R BT R Y AR X R K R X
(0T 9 £ 4 e 1, 42 BRI L  CO, Yk 15 T = 10
umol-mol (10a) ', 7= &t F+ 5 0.52%-(10a) ‘(& 2c)o A
[ DX, AN ] R 5% CO, e JBE T B4 Wi 1 AS ]
2002—2006 4F, £ & . E PG R E COo, W B L A
14.6 umol-mol -(10a) ' AR, KE 4 B 1.67 .
2.91 1 1.96%(10a) ',
23 WmSENKEEFHZIN

e 3t A T X R A 7 ) S e A AR T
Horp, KE = R EZ 2 m e iR om 52, KUK
i A R (5 3).

I3 e A AR R G R R R A T
MR . 1961—2014 4F, TR F, 28k
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B2 FHRE MEKECO,RESAEFENHEXME
Fig. 2 Correlation between mean temperature, precipitation,
CO, concentration and soybean yield
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Table 3  Effects of extreme climatic events on soybean yield in different regions

WFFERHH s s BT X I TS SCifk
Research period ~ Climatic event Study area Result Reference
igdingil A e Uk HEZARAL 1961—20104F, FF AL iR Ia BE HAEEUEINT C-df FBOR R 4153.7 kgthm [57]

Historical period ~ Extreme high ~ Northeast China From 1961 to 2010, an increase of 1 “C-d in the degree day index of high temperature stress

during flowering period resulted in a loss of 3.7 kg-hm * in soybean yield

1961—20144F, T4, RE“HAH-10.7% [58]
From 1961 to 2014, under drought conditions, the yield effect of soybean was —10.7%

1961—20174F[H] (1 BE T 5H4F 0, R T2 545155 10.4%; 1998—20174F, T- 23RBS N [59]

7.8%, REF=mH R N21.8%

During the moderate drought years from 1961 to 2017, soybean yield lost 10.4%; during 1998
to 2017, drought intensity increased by 7.8% and soybean yield loss increased by 21.8%

1980—20094F, & & T e 3 BORTL ™ 1 T E2.3%~3.2%; AR HA i /T [17]

0.3%~1.1%

From 1980 to 2009, combined dry heat stress resulted in a decrease of 2.3%—3.2% in soybean
yield; Combined cold and wet stress reduced yield by 0.3%—1.1%

F12090s, 2 AL Bl B B A8 X7 i B B2 I FERCPA.SHIRCPS.S N 40l —1.3%f11-4.6%  [49]
By 2090s, the effect of heat stress on soybean yield at reproductive stage was —1.3% and
—4.6% at RCP4.5 and RCP8.5, respectively

eS| B PO TE20504F ST R R Y BRI A 3R, AR S i A HATAY45 MR REE] [60]

21142 K 35 M, FFE22%

Heat stress is expected to be a significant limiting factor for soybean after 2050, with total
annual soybean production declining 22% from the current 45 Mt to 35 Mt by the end of the

temperature
ey T 5 LBk
Extreme drought World
TR ARl
Northeast China
REy ] oz
Combined stress World
P Singid] e o 1k KN
Future period Extreme high World
temperature
America
AW

Combined stress  Indiana (USA)

century

SEIRENSEZM FI21004F, f1 T THMHABERIE N, 7545 IBCOMBRMTTIL T, R~ ARX Tremi:  [61]

F1H5 FF#8%~21%

By 2100, soybean yield will decline by 8%—21% relative to yield potential without taking into
account CO, enhancement due to increased frequency of dry heat stress

KT S Rt 22 5, R, BB AT A R R AR X 52
BRI 0 4 S P, A i B G b B A PR R K 43 e
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5 o 300 9 A S A 3 L A A A 1 A A i
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AR RO 24k (R 3E3C) 2025

% 33%
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