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Effects of High Temperature on Soybean Physiology, Protein and Oil Content, and
Yield

Yun-Ho Lee', Wan-Gyu Sang’, Jung-Il Cho®, and Myung—Chul Seo®'

ABSTRACT A recent assessment by the Intergovernmental Panel on Climate Change projected that the global average surface
temperature will increase by a value 1.5°C from 2030 to 2052. In this study, we used a temperature gradient chamber that
mimicked field conditions to evaluate the effect of increased air temperature on phenology, yield components, protein content, and
oil content, to assess soybean growth. In 2017 and 2018, ‘Deawonkong’, ‘Pungsannamulkong’, and ‘Deapungkong’ cultivars
were grown in three temperature gradient chambers. Four temperature treatment groups were established by dividing the rows
along temperature regimes: ambient temperature + 1°C (aT+1), ambient temperature + 2°C (aT+2), ambient temperature + 3°C
(aT+3), ambient temperature + 4°C (aT+4). Year, cultivar, and temperature treatments significantly affected yield components
and seed yield. In 2017, the flowering stage of ‘Deawon’ and ‘Pungsannamul’ cultivars in the aT+4 group was delayed compared
to the flowering stage of those in the aT+1 group. In 2018, the flowering stage of ‘Deawon’ and ‘Pungsannamul’ was delayed at
all temperature gradients, owing to high temperature stress, whereas ‘Deapung’ was regularly flowering in 2017 and 2018. The
duration of the grain filling period was six days shorter in 2018 than in 2017 because of high temperature stress. The total number
of pods per m* for ‘Deawon’ and ‘Pungsannamul’ was 48.8 and 41.5% lower in 2018 than in 2017, respectively, whereas
‘Deapung’ increased by 6.3%. The 100-seed weight of ‘Deawon’ and ‘Deapung’ was 29.2 and 32.1% lower, respectively.
However, ‘Pungsannamul’ decreased by 14.7%. The protein and oil content was lower during the grain filling period in 2018 than
in the same period in 2017 because of high temperature stress. In contrast, the oil content in ‘Deapung’ was higher in 2018 than
in 2017. Our results showed that increased temperature during the grain filling period was significantly and negatively correlated
with pod number, 100-seed weight, protein content, and oil content.
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2013).
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Fig. 1. Daytime and nighttime temperatures and daily mean temperatures in TGCs during the 2017 and 2018 growing periods.
Emergence: VE, beginning flowering: R1, beginning pod: R3, beginning seed: RS, beginning maturity: R7, Date after

plant: DAP.
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Table 1. Effect of elevated temperature on duration of soybean growing stages during 2017 and 2018.

RI1* R3 RS R7

Date Doy Date Doy Date Doy Date Doy

2017
aT+ 1Y 26 July 206 14 Aug 226 26 Aug 238 080ct 281
; aT+ 2 25 July 205 13 Aug 225 26 Aug 238 07 Oct 280
PWK aT+ 3 25 July 205 13 Aug 226 27 Aug 239 08 Oct 281
aT+ 4 26 July 206 13 Aug 227 30 Aug 242 13 Oct 286
aT+ 1 01 Aug 215 21 Aug 233 01 Sep 244 10 Oct 283
PSNK aT+ 2 31 July 212 20 Aug 232 01 Sep 244 10 Oct 283
aT+ 3 31 July 212 20 Aug 232 03 Sep 246 10 Oct 283
aT+ 4 01 Aug 213 21 Aug 233 04 Sep 247 14 Oct 287
aT+ 1 27 July 208 16 Aug 228 25 Aug 237 6 Oct 279
aT+ 2 27 July 208 16 Aug 228 26 Aug 238 6 Oct 279
DPK aT+ 3 27 July 208 19 Aug 231 28 Aug 240 6 Oct 279
aT+ 4 27 July 208 19 Aug 231 28 Aug 240 10 Oct 283

2018
aT+ 1 28 July 209 18 Aug 230 30 Aug 242 10 Oct 283
DWK aT+ 2 29 July 210 20 Aug 232 31 Aug 243 10 Oct 283
aT+ 3 05 Aug 217 23 Aug 235 06 Sep 249 13 Oct 286
aT+ 4 06 Aug 218 24 Aug 236 08 Sep 251 15 Oct 288
aT+ 1 06 Aug 218 24 Aug 236 07 Sep 250 10 Oct 283
PSNK aT+ 2 06 Aug 218 25 Aug 237 07 Sep 250 10 Oct 283
aT+ 3 08 Aug 220 27 Aug 239 11 Sep 254 13 Oct 286
aT+ 4 09 Aug 221 27 Aug 239 12 Sep 256 14 Oct 287
aT+ 1 28 July 209 15 Aug 227 26 Aug 238 03 Oct 276
aT+ 2 28 July 209 15 Aug 227 26 Aug 238 03 Oct 276
PR aT+ 3 28 July 209 18 Aug 230 28 Aug 240 07 Oct 280
aT+ 4 28 July 209 20 Aug 232 30 Aug 242 09 Oct 282

“Daewonkong: DWK, Pungsannamulkong: PSNK, Deapongkong: DPK

YAmbient temperature+ 1°C: aT+ 1, ambient temperature+ 2°C: aT+ 2, ambient temperature+ 3°C; aT+ 3, ambient temperature+
4°C: aT+ 4

*Beginning flowering: R1, beginning pod: R3, beginning seed: R5, beginning maturity: R7.

Day of year: Doy

TAHRR, S B AT Wt 1 g Faolct. o

BERe SE Aol tet uldgtee SN A B
Waee rashilch GETS SE Adel wet thld  WoR BEemEs}30°C ol Yo Ashle )
3tefko] =71t Aukareke 7hAskgh 717} A=} 33 thDormbos & Mullen, 1991; Gibson
& Mullen, 1996a; Zheng et al., 2002; Egli et al., 2005).

o F 2 AtolA AT FAET Y )= aT+1o] H

stol aT+33h aT+4°C7} 320]4 9%lo] A eAxgch. wh

WEAY U 2L wal gEge exel BAglel ABHOE Aol A
® AT A1 SRS uek 3O 4 AL, S /b Aekdeh FAudlle BT, Fates 2
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Table 2. Analysis of variance to determine the effect of year, cultivar, temperature, and interactions among them on soybean

node number, yield components, and seed yield.

Node nu_rlnber Pod nl_lzmber Seed pod” Seed weiglﬁ Yielg
(plant™) (m™) (g 100 seed™) (g m™)

2017 15.5° 1,493° 1.8° 22.7° 563.9°

Year b b b b b
2018 14.0 978 1.7 16.4 256.3

DWK?* 13.6° 1,026° 1.7° 27.0° 501.9°

Cultivar PSNK 16.5° 1,759° 1.8° 11.7° 388.7°
DPK 14.0° 922° 1.8° 20.0° 339.7°

aT+ 17 14.3¢ 1,122° 1.8%® 19.9* 385.2°

aT+ 2 14.5% 1,286° 1.7° 19.2° 397.9°

Treatment b . . . .
aT+ 3 14.8 1,266 1.8 19.8 426.8

aT+ 4 15.2° 1,269 1.8%® 19.3° 430.4°

ANOVA

Year (Y) <.0001 0.0348 <.0001 <.0001 <.0001
Cultivar (C) <.0001 <.0001 <.0001 <.0001 <.0001
Treatment (T) 0.0015 0.0039 0.0166 0.0003 0.0928
Y x C <.0001 <.0001 0.0854 <.0001 <.0001
Y xT <.0001 0.0130 0.0657 0.0002 0.0523
CxT <.0001 <.0001 0.0404 <.0001 <.0001
YXCxT 0.0061 <.0001 0.5453 <.0001 <.0001

Means followed by the same letters in each column are not significantly different at P < 0.05 according to Tukey’s test.

“Daewonkong: DWK, Pungsannamulkong: PSNK, Deapongkong: DPK

YAmbient temperature+ 1°C: aT+ 1, ambient temperature+ 2°C: aT+ 2, ambient temperature+ 3°C; aT+ 3, ambient temperature+

4°C: aT+ 4

tF-30] aT+33% aT+4°C7} aT+19]| H|5to] 34 9]

2] 15| 9 tHTable 1).

2o wE HAY

Yt R Aot 24 ¢

5
ottt 20179 Hgke] 20182 HfUFH FAUYET <
o= AL gkl v Hi$-E2 201733} 2018

o
|2 Het dE SRl o=
of Bat &7} 30°C ofatz Wei7hiAl a2 waiS
Aoz ddEch wh, A SAk

24719 89

=]
=0

Fe
3t
A7l

¥l 540] A7k Als w5

i ] e e

3to] AFEo] HAadhtt 519 thDjanaguriaman et al.,

2013; Allen er al., 2016; Sita et al., 2017). E3F
27-33°C&} HF 712 19-24°Co| A =

% tH(Thuzar et al., 2010).

SH 3719 +8 Hs}

=717 122 A71E AR SHeith(Sato & Ikeda,

7t it

Aoz 2F7)7F thax A AEHA 30°Co]/4de] g 5
& W2 2o TehE 9 ti(Table 1 and Table 2).
Met71o A 271714 FoRtt &=7F 30/22°Cofl A 7h
83 ARl F7HE Sh, AW/ B Fok e
7F 26/20°Co| A= AT 7t S7FskATHDornbos &
Mullen, 1991; Gibson & Mullen, 1996a; Zheng et al.,
2002; Egli et al., 2005), ©] L& "o UA HH 28 &
o] HojZthal 3}¢ th(Djanaguiraman ef al., 2013). 7| SHA
7104 ZFFA] Abe] 9] Bt 2= 30°C oS HlojuA &

1979; Matsuda et al., 2011; Choi et al., 2016). & A4
I FAES I dEEe] aT+4s aT+lo] H|ste] 557
S 1009 Fo] faskleh 53, 2018 4 ZE
Ao St S A AG ] 2717F B4
TgslA] # slo] 1009 Fo] F4adt Ao et
(Table 3).
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Table 3. Effect of elevated temperature on soybean node number, yield components, and seed yield.

2017 2018
Varieties Treatment ~N0de Pod Seed Wseeiglllt Yield Node Pod Seed V\?ee;egclllt Yield
numb_eir num_lzaer po g (@ 100 (e m?) numbir num_lzaer po e (@ 100 (e m?)
(plant™) (m™) sced”) (plant™) (m™) sced”)
aT+ 1Y 14.3° 1,286 1.8° 30.5° 716™ 12.9° 688° 1.6 22.0% 240°
aT+ 2 14.0° 1,088° 1.7° 30.5¢ 575 12.2° 800° 1.6° 21.7° 274°
DWK? aT+ 3 13.1° 1,265% 1.7° 31.5° 686™ 14.3 695% 1.7° 23.2° 275°
aT+ 4 13.5° 1,778 1.7° 34.0°  1,011° 14.6* 608° 1.7° 227" 238"
P value 0218  0.0273 02272 <.0001 0.0181 0.0019  0.0039  0.0452  0.0400  0.0690
aT+ 1 15.7° 1,726° 1.9° 14.2° 470" 14.8° 1,245° 1.8° 10.9% 239°
aT+ 2 18.0° 2,761° 1.9° 12.7° 662° 14.7° 1,261 1.6 10.0° 203°
PSNK aT+ 3 18.6° 2,333%® 2.0° 12.8° 5947 16.4° 1,410° 1.9° 11.0° 291°
aT+ 4 17.1° 2,084° 1.9° 11.3° 435¢ 16.4° 1,251° 1.7 10.4% 214°
P value  0.0577  0.0048 02970  <0.001  0.0029 0.0039  0.0290  0.0962  0.0017  0.0007
aT+ 1 15.5° 868* 1.8° 23.1° 351° 12.8% 921° 1.7° 18.7° 295°
aT+ 2 15.4° 867° 2.0° 24.9° 424° 12.8% 941° 1.7° 15.5° 249°
DPK aT+ 3 14.7° 932° 1.9° 25.2° 440° 11.9° 960° 1.9° 14.9° 274
aT+ 4 15.4° 929° 2.0° 21.9° 402 13.9% 961° 1.9° 15.5° 282°
P value 04354  0.4087  0.0056 <.0001 0.0173 0.0234  0.8235  0.3345  0.0013  0.3740

Means followed by the same letters in each column are not significantly different at P < 0.05 according to Tukey’s test.
“Daewonkong: DWK, Pungsannamulkong: PSNK, Deapongkong: DPK

YAmbient temperaturet+ 1°C: aT+ 1, ambient temperature+ 2°C: aT+

4°C: aT+ 4

TA =719} BrEisto] F7F 2= 30-35°Ce} ot &&= 20-
25°Co| A 15-18%9] =4 ‘jﬂ] 7} At 514t Gibson
& Mullen, 1996a). 30°Co|Ake] 1.20] A|&E42 FAZ
AF oh Bt A vlge] waEel $4 77} 2
A3] gt} sHtH(Puteh er al., 2013). FAHEH HF
A A7 AE o AlE 27] 293 FIEEY Fa
g0 93] AA =} 3%t Djanaguiraman et al., 2013).
&7t 2=k wEIstoiA Foprh =7 28/18°Ce}
40/30°CollAl= o 2= T4 A7), £ AAd}
A 571 G A A & Al2g7t gl st
9 tHThomas et al., 2010). 11-&-& 24 A|EZ SHHE A3t
sto] T4 A715 FaAA oF 38-40%2] FA o] T
gttt s} th(Tacarindua et al., 2012; Tacarindua et al.,
2013). 2 A7AD 1.20] H37} A7kstAE 2018 0] 2017
Hoj| H]3le] 1005 Fo] 2F 27%7} 7345} t) Uchikawa
et al. (2003)2 1985420001 13} 22 BAs A1} 7|
sp7|ol 4 EA 7S] BFLwt 10085 vma
A3} WL 25°COIAHRE 1008 Fo] Zadht sech

ok

2, ambient temperature+ 3°C; aT+ 3, ambient temperature+

-

Matsuda ef al. (2011)2 1989-2008d 213} 245 S 23]
2 7)ol A <719 Hal = 27°C o)t Hf
L 22°ColA4y 12jal FA 7] 18°C o]sfo A= 100¢
o] gttt shyict.

Zheng et al. (2009)2 201(1987-2007d) 7+ ZA 2=
£ 7|Hkez FANY7|(RS)-557I(RT7) TA A 2o A
o] W L% 20-24°Co| A 6-10%2] Z=Fo] =7} 3}git).
O 5477 27 3 L% 29-34°Ce) of7F HHew
20°Co| A= =] AARS Ftt 3 tDombon & Mullen,
1991). 3t Egli & Wardlaw (1980)¢f &JslH 5<=7]7F &
oF7t =7} 24/19°CH.TH= 33/28°Cof|A] £A Z=8fo] oF
22%7} ZFagtet skGlnh. whekA H2k 30°Co)dE
-9-?‘5. 7:!%E ;‘d——&ﬂ/\ EL] }_NH]EH ./}_5 x]x]-jl_]- ‘51—7/]] 2=

£ 28ttt 519 tH(Mochizuki et al., 2005). & 01?—
A3} 1291 2018 0] 20179 ] alo] JreFo] 54%7) 7t
askleh ey ATkl F5gE Zpol= HolA| ¢
9FcHTable 2).
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Table 4. Analysis of variance to determine the effect of year,
cultivar, temperature, and interactions among them
on the protein and oil content of soybean seeds at

R8.
Protein (%) Oil (%)
Vear 2017 39.56° 17.41°
2018 35.20° 16.78°
DWK” 38.19° 19.10°
Cultivar PSNK 41.13* 16.35°¢
DPK 39.36° 16.79°
aT+ 1Y 37.67° 17.01°
Treatment aT+ 2 36.86°b 17.23*
aT+ 3 37.54° 17.14°
aT+ 4 37.44° 17.00°

ANOVA
Year (Y) <.0001 0.0348
Cultivar (C) <.0001 <.0001
Treatment (T) <.0001 0.4229
Y x C <.0001 <.0001
YxT <.0001 <.0001
CxT <.0001 <.0001
YxCxT <.0001 <.0001

Means followed by the same letters in each column are not
significantly different at P < 0.05 according to Tukey’s test.
“Daewonkong: DWK, Pungsannamulkong: PSNK, Deapong-
kong: DPK

YAmbient temperaturet+ 1°C: aT+ 1, ambient temperature+
2°C: aT+ 2, ambient temperature+ 3°C; aT+ 3, ambient
temperaturet 4°C: aT+ 4
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Table 5. Effect of elevated temperature on soybean seed
protein and oil content at RS.

2017 2018
Cultivar Treatment Protein Oil Protein Oil
(%) (%) (%) (%)

aT+ 1¥ 3843 18.16° 33.50°  16.68°

aT+ 2 37.67°  19.58° 33.47°  17.54°

DWK”*  aT+ 3  3887° 19.04®  34.07*° 19.63"

aT+ 4 37.80° 19.63° 33.20°  17.67°

P value 0.0003 0.0170  0.0016  0.0020

aT+ 1 4277° 1590  36.30° 15.19°

aT+ 2 4027°  15.69° 37.13*  13.90°

PSNK aT+ 3 40.70°  17.08" 36.70°  12.19°

aT+ 4 40.77°  16.72®  37.03* 13.39"

P value <.0001 0.0174  0.0003 <.0001

aT+ 1 39.93° 16.85° 35.10°  19.30°

aT+ 2 3727° 17.31° 3537°  19.38°

DPK aT+ 3 4047"  16.05" 34.43°  18.84®

aT+ 4 39.77°  16.96 36.10°  17.66

P value <.0001 0.1057 <0001 0.0080

Means followed by the same letters in each column are not
significantly different at P < 0.05 according to Tukey’s test.
“Daewonkong: DWK, Pungsannamulkong: PSNK, Deapong-
kong: DPK

YAmbient temperature+ 1°C: aT+ 1, ambient temperature+
2°C: aT+ 2, ambient temperaturet+ 3°C; aT+ 3, ambient
temperature+ 4°C: aT+ 4

2016). dRtH oz Ao FHO) AE 50%+= 7N &
3-4 Qo] FAo] ¥al, Tl e ot F 4-55 4
ZRE s T 50%7F 4ol Fr} 5H3ltHYazdi et al,
1977; Wilson et al., 1978). Rotundo & Westgate (2009)0]]
o5t 373 a.Qlat BaAste] BT AYAFS BAG
A3 T PFS DO oF 9%ol o] gAdtaL, A
L 15% ol ATt Shdth ER 47t Aol
whe} A 2kl P =tk Steitk(Bellaloui e
al., 2011). Auj717t 128 Qo] AAEFS A 7|
ZAAA FHELe] T3 AT shart
(Gibson & Mullen, 1996b; Dornbos & Mullen, 1992; Thomas
et al., 2003; Rotundo et al., 2009; Xu et al., 2016). *JA]
AAE 717t B9 W LE 22-36°Co) A Tl Ago] 2
712 SHAIEk o] W91 oA Hjwl gt} stk Piper
& Boote, 1999; Bellaloui et al., 2016; Xu et al., 2016).
Aoz QIR AR iy AEplolA S|

[«
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Atolofl = ggFo] ZHATE, FAR|7]ollA 7| Alo]ofl=
20% ©o]AF FFAsteh s thRotundo & Westgate, 2009).
APRE FRLE 2528°Col A F7HHaL o] W9lE |
o Z4astt) 399t Dornbos & Mullen, 1992; Gibson &
Mullen, 1996b; Piper & Boote, 1999; Bellaloui et al., 2016;
Xu et al., 2016; Mourtzinis et al., 2017). Song et al. (2016)
2 2010956 20139747 7637H_4 z 7‘/\101] 3t chu
23} 72)upaleke _E_/dzs]— A3} th

=~

2 d4= Ad 4
iLlH A 25 52 3
3 7|7t 2= Asol WE e AE, e,
g 9 ZEkekeF ek skt =3 skl
2017@ 3} 2018 P LF T} ZAIJEFTLE aT+ 19 H|F

of aTe 4ol A7} Ao}, 53] 201840 A
A7k Agek wE GEFE ABHOR A3kE HHoch
RN B B47108 WAL S o 9%l

A o] Bolth. 4 TA LAl A L 201780 Hl3ke] 2018
del 414 o] olet. 53] 1009 5t $4 Sgo]

shock. Aol B uebs W § B4 ga

T tiEFol ZH2 48.8%2t 41.5%4) 7t, =
APFEZ O 14.7%7} AaS sk oA 25 t-é} o
Ak, %Z 9 ewtufo wel mEo] $o4e wal.
E3] 2018W o] 2017 9] H|slY] S<=7|7F & Ao =2
Q13 U]-H“Xh_} 2 8psheko] 7hAsteiny 1EU glEERe

2017 <] H|sto] 2018W o] Aok =Skth
ZA
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SE A5 AR ABES AT B0t 1009 Fol i
BEES:
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