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ABSTRACT

Soybean crop responses to the extreme high temperature during major
development stages were explored using the crop model, CROPGRO-soybean.
Specifically, we simulated the growth of soybean under abnormally higher
temperatures (e.g., 39°C and 27°C for the daily maximum and minimum temperature,
respectively) during the reproductive stage (R5-R7) in the past climate (1981-2010)
and as well as future (2021-2050) projected by climate scenarios. Data was modeled
using 8 general circulation models of Representative Concentration Pathway (RCP)
4.5 and 8.5. The 8 future climate scenarios were collected from the CMIP5 (Coupled
Model Intercomparison Project phase 5) archive. Future scenarios of the 6 sites
were spatially downscaled using a bias—corrected and non-parametric quantile
mapping method. Late-July to mid-August is an important period for crop
reproduction; therefore, the temperature data used in the study was taken during
these months. The Korean soybean cultivar (Taegwang) was used in this study.
We calculated the number of days on which daily maximum and minimum
temperature would exceed the threshold while the cultivar is in the reproductive
stage, using the 8 future soenarios of the six sites, and used that number to determine
the frequency of high—temperature occurrences. The frequency at which the daily
maximum temperature exceeded the threshold could not be determined for six
sites during the 2050s (2021-2050). However, the frequency of high-temperature
occurrences in minimum temperature increased in 5 sites beginning in the 2050s,
with the exception of Hongcheon. Especially in the case of Jeonju and Miryang,

the occurrence of days over 39°C increased 7 and 14 days and the frequency of



duration of three days its temperature showed one and three times in the daily
maximum temperature in Jeonju and Miryang, respectively, under the future climate
scenario of RCP 8.5, the pathway with the highest greenhouse gas emissions as
compared to the present climate. Additionally, the occurrence of days over 27°C
in Jeonju and Miryang increased by 115 and 18 days respectively, while the frequency
of duration of three days its temperature occurred 14 and 2 times. These critical
temperatures occurred mostly during grain filling after flowering, and the crop
model simulations resulted in reductions in the pod number during this period.

We again simulated the model to investigate a change in sowing dates. In Jeonju
and Miryang during 1981-2010, if sowing at five days ahead from 10 June, namely
in shorten of the sowing day, increase of yield potential in the average 5% was
higher than reduction of yield potential in the average —1%. However, reduction
of yield potential in the average —15% was higher than increase in the average
5% if sowing five or 10 days later than 10 June. In particular, relative changes
for shorten of the sowing day or delay of the sowing day do not be shown in normal
years which high temperatures did not abnormally occur during the growing season
from 2003 to 2010. In abnormal years which high temperatures occurred during
the critical period, especially Rb to R7, shorten of the sowing day affected to the
increase of yield potential in average 1~ 3%, however, delay of the sowing day
influenced on the reduction of yield potential in average —4 ~—8%. In the result
of the future climate scenario of Representative Concentration Pathway (RCP) 4.5
and 8.5 during from 2041 to 2070, the increase and decrease of vield potential
for shorten of the sowing day were average +5/-5% for RCP 4.5 and average +8/-4%
for RCP 8.5, respectively. Additionally, it showed average +7/-8% for RCP 4.5 and
average +4/-12% for RCP 8.5, respectively in the increase and decrease of vield
potential for delay of the sowing day. In addition, simulations revealed that a 2°C
increase in temperature had a positive rather than a negative influence on soybean



growth with no water stress. However, an increase of 4°C is expected to have
a negative effect; abnormally high temperature had a greater negative impact during
the period of grain filling.

Neither research on rainfed crops nor crop modeling for Korean cultivars is popular
in South Korea. The preliminary results of this study will serve to raise awareness
of the importance of investigating the effects of climate change on rainfed crops

in the Korean Peninsula.
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1996), &5ollA= 2°CHt AS5dle o] 5~ 13%7} 7:1:*5\-"??_ 7 Slthal O}M‘:}
(Lobell et al., 2013).

SFEyetollA 7)ot gt A& P4 JFH7b= tiEE B SHY ATE
A LREe] Higt 71$Rs J¥EE ER AAolth AWolxls Park et al
(2014)2 71583te] oJsff 2HE9] ABK7|7to] ZojAHAl ojrAto] o3t vyt &
7¥gdoll whet vho] wE S W g B7I6HAL, Song et al. (2014)2 1L
9 717t F 2o ot 1R FFHAALE BISITh ERF Kim et al
(2013)2 & 4822 CROPGRO-SoybeanZ JHIT wlE] 7|3Hs} Alute] Qo]
A-gsto] o g0 F A e HYIL v QU=T, o] AFolA= v 7%
A3} AU HgolA eIt F oldargo] WAE Al7] 52 ASTAE ol
20| WYHE A71E o] Fal T<eohA vl 7|FHEE AuE| e Mol tigh

T A W52 WUk Aotk Qo= CERES-Wheat U APSIM-Nwheat,
WheatGrow 2F Z2 4 BSRFoIA 12882 7fAdste] mlzf 12279 AU
Qojl4 & 9 S-S BIIRE AFETEC] T THEJT (Liu et al., 2016;
Marioano et al., 2016). &4 oAl AF3t Hiel Zo] Wy dit 72 ZHEoA=
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:\9

r°"

Lee et al., 2015). ¥FH A AG3E FE 2E0| gt A+-50] =L A9t
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ol XA AR T WEAY AR So| oH3| HE3t AHold}
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JEo= Estal, & A= 3 T ASEP9 f44 FE7) ojn] 24 9
SE o] Jth= 7HYStolA T ASEEE ottt =, 1) A HZ7|FolA A
2477 B3 ol 2o ofst Fo] HeHAE JFS E4oty, 2) IEY o0l
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Table 1 The indivisual Global Climate Models used in this study (source: Z=AE, 2013)

Model Institute Country  Resolutions

(pixels)
KMA 12.5km Korea Meteorological Administration Korea 184 x 164
CansESM2 Canadian Centre for Climate Modeling and Analysis ~ Canada 128 x 64
GFDL-ESM2G Geophysical Fluid Dynamic Laboratory USA 144 x 90
GFDL-ESM2M Geophysical Fluid Dynamic Laboratory USA 144 x 90
HadGEM2-CC Met Office Hadle Centre UK 192 x 144
INM-CM4 Institute for Numerical Mathematics Russia 180 x 120
IPSL-CMBA-LR Institute Pierre Simon Laplace France % x 96

MIROC-ESM Atmosphere and Ocean Research Institute, National ~ Japan 128 x 64
Institute for Environmental Studies, and Japan
Agency for Marine—Earth Science and Technology

MIROC-ESM-CHEM  Atmosphere and Ocean Research Institute, National ~ Japan 128 x 64
Institute for Environmental Studies, and Japan
Agency for Marine—Earth Science and Technology

22 3 X=0| dsHAE R &4

39 A7zt Fte] BSDAE AT Zo] Fig. 10l eyt AA9%
o] 200395 2010W7HA] AgAIFEIA o oot ©ate] 7%, 54 25¢U0f oF
(Fuh), o|2&d ¢, 64 1049 w5 (ThE AT T2 ASIF2 A Folv &
S B w710 w 3A tan o, ASds AA AuelA 2E 90dA
1600l AgE Hol7} AA 7504 2002 Helol Ao 2=t Yo wet IA
o=t (A9 5, 1989). fEuUTelA F2 Hopx|oM Ao ® Fof ukEsto
=05 &2 27120l sk dET2 HEoR Asdert A vhd fEuyete]

R HopxolA] WA FAow s HeEe L5t Lek

o
f

Table 2t =04 Z9 ASDAE H ols 44 (http://www.extension.
umn.edu/agriculture/soybean/growth-and-development/growth-stages/)S 4}
Fog A AG U AFEIA FU Fo| TFA7] AEE dEsto] A
|SHAE B olEYTE ALtSte] Uehd Zolot. utF & JYFETI7A= 64,
A7 SAHH7IE (B2 557D)= Eet 717k 7E0lA 9¥, =

10g€0] gt Hot. & AN oS & JFFA7IRE S it 2719 st



T A7 F R20IM R4 (5] FA)7HAIE 7 30€01A 89 209714, R5
oA R7 EERZDZIAE 8¢ 20€004 99 10¥= skt E3F 200304
201397H4] irgge] mSURRE A7 48717149 GDD (growing degree
day)g 22 Axtsto] BaAE Bat oksdsol iRt Bet GDDE Mt

VE VC V2 V4 R2 R5 R7 R8
days 5~6 10 20 50 60 90 110
Figure 1 Soybean growth and development stages: days represent the number of days after sowing.
Table 2 The detailed stages of growth and development for soybean
Stages Detailed stages Average days
VE to VC 10
VC to V1 5 June
. V1 to V2 5
Vegetative V2 1o \3 5
stages
V3 to V4 5
V4 to Vb 5
July
beyond Vb 3
R1 to R2 3
R2 to R3 10
. R3 to R4 9
Reproductive R4 to Rb 9 August
stages
R5 to R6 15
R6 to R7 18

R7 1o RS 9 September ~ October

VE: Emergence

VC: Cotyledon

V1: First Trifoliate: one unrolled trifoliate, Fully developed unifoliate leaves (the first node)
V2: Two unrolled trifoliates
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V3: Three unrolled trifoliates

V4: Four unrolled trifoliates

V5: Five unrolled trifoliates

R1: Beginning bloom

R2: Full bloom

R3: Beginning pod

R4: Full pod

R5: Beginning seed

R6: full seed

R7: Beginning maturity

R8: Full maturity

Table 32 39 BSTHAE dAXE HAE Held Aoltt (Holmberg, 1973;

Judd et al., 1982; Gibson and Mullen, 1996). & Hox= A 7|F8TE ofy
2t u|g 7]SH3t AU Aol Fo Aui71zE 5t 525 FSTAA ol
20 =EE9S o] £HE84 o] tigt J3FE HUkel] A= B
A YFE PIA= o2, & YARE ForF L85t &, YA o
ot AHERE AT ol 2=7t AT e} AARE AE7|Fe 2 HE o]
AT LAYUSet HIES AL S ek TEA B ATolH g slFEst A
2o Ao I H7r]e0] A9 30°C o}y, U HA7IRS] B 27°C oY B
oA Ho g 7hHFolal 11 HHYA-E ALKt ESE Gibson and Mullen
(1996)2 7gtAI7]ell 1120 A|&EH SRR Ao Y& mXohal shalct. 1=
A & AFoAE o Farlo4 39°C ol ida A A 7|04 27°C ol AA
257t AEF 0 R (9, 3Y oA A&E= 7Rt tigh vl Aktof o]gdt HRE
shogat it shoict.

Table 3 The critical temperatures on growth stages of soybean (Holmberg, 1973; Judd et al.,
1982; Gibson and Mullen, 1996)
Vegetation period Reproduction period
Base Opt. Range of Opt. Range of .
Crop Temp. Temp. Opt.Temp. Temp. Opt.Temp. Failure Temp.
. 25-30 (DT*), . 26-32 (DT),
Soybean 10 23-24 19-24(NT*) 26-27 20-07(NT) 37

*DT: day time

**NT: night time
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2.3.1 2 482 CROPGRO-Soybean

DSSAT (Decision Support System for Agrotechnology Transfer)< tl=ojx] 7}
U Ao=E Ut JEY midof o of7] 229 ASEFS AT ¢ S #

T2 7R AZESojoln W2 AREAE T = ASHE § ShHelt
(Paola et al., 2015; Basso et al., 2014). DSSATNA F3} ZERY (4], soybean,
peanut> CROPGRO®IA T5Htt. CROPGROE= "i¥9] 71 274 ¢ wot F
A2 EG AR g A 4, 14 9 4 5 ©Aae da fAE 29
e, Sl FEolA FMde Hofsh] fIsl ARTARIE ALY 4 Qe I =

Z71=o] Qltt (Boot et al., 1989; Jones et al., 2003; Hoogenboom et al., 2010).
E AolA= DSSAT package 4.6 versiono] ZESH I AJSHEQA CROPGRO-
Soybeans ARE-5ITE.

DSSATOl= AR R & dA AAY ol A= F5=0 digt F-us
o] X7} oju] EtE|o] YA = A=EE] FFOl toix= BEIF 7] whEol
AEEY 5 Ao 1 AF FFo titt FAESE F7g50oF gt (Table 4). 92
yzt 39 49, Kim et al. (2004)7} Kim et al. (2012)°] A7 EF5 ZAES)
I UEF (&5H)0] s FAESE 285 ARIZE 1AL, H83d 9se] /4
g 2% AFEIZE Ak (Kim et al., 1992; Lee et al., 2008). & AoAl=
= YA AZAAGA AmolM T F2 EHE FF5 Tl sl =HE3TY
5 25 (NICS, 2014)E 43stod, 2003955 201397H4] 45 ddt o+,
ot 5o AGAIFARERE EA /S0 8ottt By HA/HSS DSSAT
package®] GenCalc T2 1S o853t} Table 59 Table 62 24zt £521
B g3 DSSATO W=l Qe F9YFR]! Forrest (59 FHES AEO|T
CSDL (A% 2%k &4 94}), PPSEN (7] ¥3), SD-PM (FA@/34%E A
2% G=71A9] 713h), LFMAX (Fdd9/4dE), SLAVR (¥94), XFRT (& 8%

X
&0

=



8 | DR IBAZOIN OlR0| 2|2t Z 45 % ZH0| DRl= T3

oA g/Pozo] o Huf H]L), WIPSD FIHEAEA) 52 vt 42 =
Ak 1Y EM-FL (E°718E Ms7|17HA19] 712, FL-SH (Ia7]158 A%
@749 717h), FL-SD (Ne7157E A4 J471419 717b), FL-LF (715}7]15¢
A 7R 717h) 5 713 Forrest (5)7F Atk ESH SFDUR (EFAAolA
REI o FAL A= AE717H3 SDPDV (ZFY HA#EA)E Forrest (5)7F
Zth. I8y SIZLF (¥ Fdz)t PODUR (UHAY mFe7t U w7z el
FERFADS HgFol Zth & vl ST OIAT HEE T B 31

G939 54771 | 2 5 Bk 4 ek

Table 4 The definitions of genetic parameters for soybean in CROPGRO
Parameters Definition
CSDL Critical Short Day Length below which reproductive development progresses with no

daylength effect (for shortday plants) (hour)

Slope of the relative response of development to photoperiod with time (positive for

PPSEN shortday plants) (1/hour)

EM-FL Time between plant emergence and flower appearance (R1) (photothermal days)

FL-SH Time between first flower and first pod (R3) (photothermal days)

FL-SD Time between first flower and first seed (R5) (photothermal days)
SD-PM Time between first seed (R5) and physiological maturity (R7) (photothermal days)

FL-LF Time between first flower (R1) and end of leaf expansion (photothermal days)
LFMAX Maximum leaf photosynthesis rate at 30 C, 350 vpom CO2, and high light (mg CO2/m2-s)
SLAVR Specific leaf area of cultivar under standard growth conditions (cm2/g)

SIZLF Maximum size of full leaf (three leaflets) (cm2)

XFRT Maximum fraction of daily growth that is partitioned to seed + shell

WTPSD Maximum weight per seed (g)

SFDUR Seed filling duration for pod cohort at standard growth conditions (photothermal days)

SDPDV Average seed per pod under standard growing conditions (#/pod)

Time required for cultivar to reach final pod load under optimal conditions (photothermal

PODUR days)

Threshing percentage. The maximum ratio of (seed/(seed+shell)) at maturity. Causes

THRSH seeds to stop growing as their dry weight increases until shells are filled in a cohort.

SDPRO Fraction protein in seeds (g(protein)/g(seed))
SDLIP Fraction oil in seeds (g(oil)/g(seed))




Table 5 The genetic parameters of Taegwang in CROPGRO (source: NICS, 2014)

CSDL PPSEN  EM-FL  FL-SH FL-SD  SD-PM  FL-LF LFMAX  SLAVR
12.70 0.32 18.71 4.92 9.52 35.84 9.56 1.03 350.00

SIZLF XFRT ~ WIPSD ~ SFDUR  SDPDV.  PODUR  THRSH  SDPRO  SDLIP
300.00 1.00 0.19 10.10 1.35 29.28 78.00 0.40 0.20

Table 6 The genetic parameters of Forrest (5) in CROPGRO

CSDL PPSEN  EM-FL  FL-SH FL-SD SD-PM  FL-LF  LFMAX  SLAVR
12.83 0.303 21.10 8.00 15.00 35.00 18.00 1.03 355

SIZLF XFRT ~ WIPSD ~ SFDUR  SDPDV.  PODUR  THRSH  SDPRO  SDLIP
140 1.0 0.180 23.00 2.05 9.00 78.0 0.400 0.200

DSSATO] EF Yo HE EFSO $62=2 Z8Eofof she AHE2
EFHEHY ¥R (albedo), s B¢ HHE FEAE & A= 29 & oFF &<t
Y9 9ol EYFoEREH AAHE $E9 HE, s FF EFEAS (Soil
Conservation Service, SCS)2| FAEAFA HE 5olt} (Table 7). E3t 72t EZY
d JREE FATE IATA (FFN2A0NA +29D), FasiE A (2%
SrFolMe R, Zog AHoIA S g, FEAFAS (0.0-1.0),
ZoMSE AR, TS, ESRTIES] BAad® 5ol eH, o] v HESEF
I ARG, ARt AL, ESAE, Fol2AeET So] /st £
AFolM = FHeALTE FUEFENA sig Aol 2otd EFe EAFE
(soil texture) AIF-ZQl &2 & 3oHa] £4 JHE B2 F5Aetd] 4
YEFLA FE2T & e EFYRES 35551929 (http://soil.rda.go.kr),
1 9 EYHEEL DSSAT package?] 712 EFHEE ARSIt BRysol 9
8% EYYEES 9AE FH=E FH[EAT (Fig. 2).
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Table 7 The prepared soil information among File S for CROPGRO
Soil variables name Description Unit
Soil Texture -
SLB Depth, base of layer cm
SALB Albedo -
SBDM Bulk density g-em’
SSKS Sat. hydraulic conductivity cm+h”
SLOC Organic carbon %
SLSI Silt (0.05 to 0.002mm) %
*S0IL

*CUPD392300 MASTI SICLL 120 SILTY CLAY LOAM

@sITE COUNTRY LAT LONG SCS FAMILY

MIRYANG KOREA 3549 12874RS

@ SCOM SALB SLU1 SLDR SLRO SLNF SLPF SMHB SMPX SMKE

-89 0.01 2.0 0.65 70.0 1.00 1.00 3A009 -89 -99

@ SLB SLMH SLLL SDUL SSAT SRGF S38KS SBDM SLOC SLCL SLSI SLCF SLNI SLHW SLHB SCEC
12 -99 15 33 281.00070.00 1.4 088 57 17.6 00 013 61 -99 105
120 -99 07 .33 381.00021.00 1.8 035 42 106 0.0 013 6.1 -99 105

*CUPD492310 MASTI SALO 120 SAMDY LOAM
@SITE COUNTRY LAT LONG SCS FAMILY
JINJU - KOREA 3516 128.04 NAGDONG
@ SCOM SALB SLU1 SLDR SLRO SLNF SLPF SMHB SMPX SMKE
-99 0.20 2.0 0.65 70.0 1.00 1.00 SA009 -89 -99
@ SLB SLMH SLLL SDUL SSAT SRGF SSKS SBDM SLOC SLCL SL3I SLCF SLMI SLHW SLHB SCEC
12 -99 07 33 .281.000 650 1.6 051 57 17.6 0.0 013 61 -99 105
120 -99 06 .33 .381.000 570 1.7 0.02 42 106 0.0 013 6.1 -99 105

Figure 2 The File S for the simulation of crop model (source: MR, 2015).
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Figure 3 The result of calibration of the genetic parameters for Taegwang of soybean on the

flowering time (a) and yield potential (b).



3.2 HACHAIXKIC| 7|2t MEAHPE Hst
3.2.1 7|5}

Fig. 4914 Fig. 7% 2003¥%-H 201187HA] A5t AgoA mg & 7|57
% (before anthesis)7IA|2} 7R} & FAB|7]7F (after anthesis)ZHA] 5 712
SEAZIZE 549 I Hur)e E A HA7R, 4 HiU2S Hd 72 vt
Zolt}t, & AFoflA 2003-2005W7 2008-200990f= 7ist HQl IS 7ILE B
Qtof 7120 R &9kd ¥, 2006, 200749, 183 201080 7St & F4
HITh7|7F 59t9] 7]20] HdRth B 3~4°C oldolur =9k, &3] WYlA

2010°0= o] 7Izte} 712o] HdHEY 5°C Y U (Fig. 63 Fig. 7).

o



14 | DR RN ONTR0| L2t B A4S 2 S

20l DRz &

260

Maximum Temperature (°C)

240

220 +

Minimum Temperature (°C)

280
270
260
250
240

Average Temperature (°C)

230
220

Figure 4

280 -

a)

2003 2004 2005 2006 2007 2008 2009 2010 2011 N7100N8110
Year

b)

2003 2004 2005 2006 2007 2008 2008 2010 2011 N7100N8&110

Year

c)

2003 2004 2005 2006 2007 2008 2008 2010 2011 N7100NB110

Year

Minimum Temperature (°C) Maximum Temperature (°C)

Average Temperature (°C)

360 4

d)

340 -

320

300

280

2

&

.0

2

&

0

2

[5)

.0

Al

2003 2004 2005 2006 2007 2008 2009 2010 2011 N7100M8110
Year

280 4

260 4

€)

290 4

2003 2004 2005 2006 2007 2008 2009 2010 2011 N7100N8110
Year

280 4

270 4

260 4

250 4

240 4

230 4

2003 2004 2005 2006 2007 2008 2008 2010 2011 N7100NB110
Year

The past climate during between planting and before flowering stage in growing

season from 2003 to 2010 and two periods (1971-2000 and 1981-2010) of the normal climate (N7100
and N8110) in Jeonju (a: maximum temperature, b: minimum temperature, c: precipitation) and
Miryang (d: maximum temperature, e: minimum temperature, f: precipitation).
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Figure 5 The past climate during between flowering and grain filling period in growing season

from 2003 to 2010 and two periods (1971-2000 and 1981-2010) of the normal climate (N7100 and
N8110) in Jeonju (a: maximum temperature, b: minimum temperature, c: precipitation) and Miryang
(d: maximum temperature, e: minimum temperature, f: precipitation).
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Figure 6 Past climate during growing season from 2003 to 2010 in Jeonju.
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Figure 7 Past climate during growing season from 2003 to 2010 in Miryang.
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Figure 8

Figure 9
Miryang.
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Table 8 The growing degree day (GDD) of flowering time and maturity time calculated at 0°C
of base temperature and 10°C of base temperature, respectively in Jeonju and Miryang during 2003
to 2013

Trase=0"C Toese=10°C
Flowering Maturity Flowering Maturity
2004 1267.5 28334 787.5 17034
2005 1309.9 2841.3 819.9 1711.3
2006
2007
2008
Jeonju
2009 1139.7 2502.6 689.7 1482.6
2010 1428.2 2902.2 898.2 1772.2
2011 1383.7 2785.6 803.7 1695.6
2012 1156.8 2925.8 706.8 1775.8
2013 1203.7 3059.7 753.7 1899.7
2003 1122.9 2609.4 642.9 1479.4
2004 1239.2 2967.8 759.2 1787.8
2005 1167.8 27106 707.8 1630.6
2006
2007
Miryang 2008
2009 1480.0 2813.3 910.0 1703.3
2010 1265.4 29153 775.4 1805.3
2011 1285.0 27384 785.0 1668.4
2012 1215.2 2858.3 7356.2 1728.3

2013 1333.3 3051.3 833.3 1891.3
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Figure 10 a) is the leaf number simulated in crop model during the years which the high
temperature occurred and the years which the high temperature did not occur in Jeonju. b) is the
difference of leaf number at two cases, respectively.



22 | D7 [SZEZ0M O IR0| Q2lL2t 2 M8 3 ZMM0 DRl B3

a) b)
25 10 -
= —X= Abnormal —&— Abnormal 56
g 20 | =0 General - 8 1 --£- General - |
= —+—Normalg110 = 6 - 1
2 15 s a
E 3 4 4 B8
2 s ™ e |
Ed 10 e 27 - \Gi g
] o - | |
5 - o+t
0 6 1320727 34 41 M8 55 B 69 76 83 90 97
@] |
2 |
0 M= : o e ,
0 6 13 20 27 34 41 48 55 62 69 76 83 90 97 -4 4
Day after planting (days) Days after planting (days)

Figure 11 a) is the leaf number simulated in crop model during the years which the high
temperature occurred and the years which the high temperature did not occur in Miryang. b) is the
difference of leaf number at two cases, respectively.
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Figure 12 a) is the pod number simulated in crop model during the years which the high
temperature occurred and the years which the high temperature did not occur in Jeonju. b) is the
difference of pod number at two cases, respectively.
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Figure 13 a) is the pod number simulated in crop model during the years which the high
temperature occurred and the years which the high temperature did not occur in Miryang. b) is the
difference of pod number at two cases, respectively.
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Figure 14 a) is the relative change of yield potentials for the sowing day shortage and delay
during 1981-2010 in Jeonju. b) is the relative change of yield potential during 2003-2010. The relative
change of vield potential was that the vyield of June 5, 15, and 20 were subtracted respectively from
the yield of June 10.
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Figure 15 a) is the relative change of yield potentials for the sowing day shortage and delay
during 1981-2010 in Miryang. b) is the relative change of yield potential during 2003-2010. The relative
change of vield potential was that the yield of June 5, 15, and 20 were subtracted respectively from
the yield of June 10.
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Figure 19 The pod number simulated in crop model with the normal climate and added +2°C
(a) and 4°C (b) to the normal climate during 1981-2010 in Jeonju.
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Figure 20 The pod number simulated in crop model with the normal climate and added +2°C

(@) and 4°C (b) to the normal climate during 1981-2010 in Miryang.
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Figure 21 The difference of pod number between the normal climate and added 2°C and 4°C
to normal climate, respectively in Jeonju (a) and Miryang (b).
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Figure 22 The number of days on which the critical temperatures, such as 39°C of daily

maximum temperature and 27°C of daily minimum temperature, respectively occurred during
observation (1981-2010).
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Figure 23 The number of days on which the critical temperatures, such as 39°C of daily
maximum temperature and 27°C of daily minimum temperature, respectively occurred in the future
climate scenarios of RCP 4.5 and RCP 8.5 during from 2021 to 2050.
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Figure 24 Comparison of pod number simulated in CROPGRO-Soybean in Jeonju (a) and Miryang
(b) under future climate (2021 to 2050).
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Figure 25 Comparison of the relative vyield change calculated from the yield potential

simulatation of CROPGRO-Soybean in Jeonju (a) and Miryang (b) under future climate (2021 to 2050).
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Figure 26 The relative change of yield potentials for the sowing day shortage and delay on future
climate scenario of RCP 4.5 (a) and RCP 8.5 (b), respectively during from 2021 to 2050 in Jeonju.
The relative change of vyield potential was that the yield of June 5, 15, and 20 were subtracted
respectively from the vield of June 10.
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Figure 27 The relative change of yield potentials for the sowing day shortage and delay on future
climate scenario of RCP 4.5 (a) and RCP 8.5 (b), respectively during from 2021 to 2050 in Miryang.
The relative change of yield potential was that the yield of June 5, 15, and 20 were subtracted
respectively from the vyield of June 10.
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