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ABSTRACT

A semi-greenhouse experiment with field grown soybean (Glycine max L. c¢v Deawon, Uram,
Jinpong, Soyon, Pungsangnamul, and Haewon) was performed in 2018. The experiment was
aimed to investigate individual impacts of drought stress on soybean characteristic and seed
yield. The three treatments were used in non-water stress (Control) during the soybean
growth season, vegetative stage stress (VS), and flowering period stress (FS). Leaf number,
LAIL leaf nitrogen concentration, and leaf biomass were decreased by drought at R4. In our
study, the number of pods was 33.6% and 40.5% lower, respectively, in control than in VS
and FS. In 100 seed weight, was 16.1% and 10.1% lower, respectively, in control than in
VS and FS at R8. As a result, seed yield was 39.8% and 45.1% lower, respectively, in
control than in VS and FS. Depending on the drought period, Daewon and Haewon showed
a large decrease in yield, while Soyon did not change. The results of this study showed that
flower and beginning pod setting stage responded more sensitively to the drought period than
vegetative stage. Overall, these results demonstrate soybean seed yield formation more
sensitive the during the flowing and beginning pod setting stage. We conclude that adequate
water supply for pod setting stage, guaranteeing a high seed yield.

Key words: Drought stress, Soybean, Pod number, 100 seed weight, Seed yield

LM B2 P)aZoldl A1 715E AASAHKMA, 2019).
£3] o2 A} Hol WA Eut 549 A4t
A el Ao /gt ol §

) =

AUt A2dsirh AR SR KYEThd 2030 U9 o7 Thg WAL A B, SR S 1
o4 2055 Ato] 2= 1.5 Cr} AFsd 7hFsAdol 2]al Bkt A W AJslg] s XsEr)
=CHIPCC, 2018). 2hA] - daTE ZojR A HH ThEe® ojofA|ar

20184 ifete] Lo} A9 A4 19730 o]

@ @& | * Corresponding Author : Myung-Chul Seo
— (mcseo@korea.kr)



270 Korean Journal of Agricultural and Forest Meteorology, Vol. 21, No. 4

(Manavalan et al., 2009). ©]2|3t 7[=-9] ggko g A
2 Ae o E= AHom Aol ekt
(Farooq et al., 2009).

e e AEd|AR o] AT} S
FFe EHWang et al,, 2013). ghdof o3t
TF Aas 3Y HAUELR 1) de B
W 2) S BT U 3) 58 A4 g
CHEarl and Davis, 2003). 3t -8 AEH A=

B, AR, 7 A= O9a = 8

AlZItMutava et al., 2015). 128]3L 45

= T A gEet Fobd aas AsHA

Wahid and Rasul, 2005). 2= Sh-o- 253} AY

Alell Fego] 2|4 13%0114] Fdf 92 % 74
HeltKFarooq et al., 2009).

F{Glycine max (L)} 7|83+ Thid giego] 2o
AERA A5 datshs W A= F9] sholrt £
elitete] 3of Asbist Au7le 79 Sheold 8
% = Apolott. o] ZIXkE F Aol QlolA & 7t
Z wo] Q7 sk= A|7|o|tKSouza et al., 2013).
el Sefeel QlolA o] ZIZke Fupao] BT
aL2af B 7ke-o] Frlele] Egqailo] KEgt Al
2 Fo| AxstA HuA o gEof ofgs &
4 9k

Me719h 2G4 7100A g 2E 27 AYSHA &

W Segol] 12l JaFS ZCHDybing ef al, 1986;
Desclaux and Roumet, 1996). o|x]|7]o] &ej& o=
FAAT 34 9 ARo] Zhas) AeiHoR QAE
2 A3SHA|ZItAndriani et al., 1991; Nitami et al.,
2013). 22 WA A TANA FPaLL Seapo] A7
¢l FEs T W IF A DA =
A TA7F Eohal 3F9tHEck er al., 1987; Cui et
al, 2019), T FAR} 77 vie] 55 A7) o,
SlohEa}7]ol| A a7 |17 A ol Yokt wWolAlar A
FELS A= A|ZItHWijewardana et al., 2018). 3t
2 QoA der s dks 538 2ol
Hasslo] Aot Q54 o] FaA7|H(Liu et al,
2004; Ergo et al., 2018), 53} 283} Bajof| 4] %F
B 5 v slol of 24-50%0] 5 o]
St Bashir et al., 2019; Gavili et al., 2019).
2 AT T 25 I 710 b2 BSEA
ekt Belo] Gl ARA A4 o ARE U
Q) A 5T 23 SekpA R the] AT,
BT AT U AR BEelIA Bk

fo Y 2 o 2 Ok o DL oTL
I8 e 3@ o o ol
; ;Ciﬁ o 2 3
oy <
B

oy
B~
il

IL g ¥ Uy

3E X

de w BEg edolt &4 el B Faes
zolo]7] 9 £4 AL T ZelA(Plexiglas)
=7 16 mme} 232 Ee} &2 w(Polyolefiny & 72
SATE A= ARt BE S 37 g ffdl
A SR 52 Aok BE Tl A

oN

PA ATl of3) Z3o] APEoR weA|A gl
| el S Ao} 1) EaelER grEel
18.5m x 7.0m x 1.0m (Zo] x & x Zlo|)z
ol BAmel fEThe Aok
2Eo AR BUT $UT AT 19
EE9l 29T, TARFET, A9EL 6% 200
Ze5 294 shEsielck A4 4L 60em x 15em
2 3H9c) AJFEQI(He) 37.1%%}F AIE 35.7% W A
 27.0%) E9F % b AlH]e N-POsK,0F 10a
& 3334 ke TE] A Au]SIT

S8 2Ed A e GRHASYIZE F 28] B
S22k VS Hel FONE Aol AHE171 oF 20
) el FSH el sl A7) oF 21
o W9 SHc

Mofmor
0% o2 1
’Ol-mol'm

>
ot
8}
p

22. Mg ZAL S 3 AA SR 2N
E=3 = Feher et al(1971)8] 7|0 &
- BY B4 =ARE S8l Aol Hdiz Al
+ R 3.5-4dA|(Pedersen, 2004; Tagliapietra et al.,
2018)0ll4 7+ Ae] & 854 Aslo] A A,

9 ABF N Y Ak FES Al
R4 Belo] sl AT U FEoR 81l
o} 2hds] AlE B59S dwA S47](LI1-3100C,
LI-COR, Biosciences, Inc., Lincoln, USA)Z 2
& 2geoich. Ano] 24H @ 75Co] e 2

- ot HT

2710 ARt HxE & eSS S d=d
o] AmE B Bl 02 g8 Aake F A4
A4~-H(Dumas) S HaEA 7| (Elementary, vario
MAX cube., Germany)& ©]-85}o] 3 HHEo 2 24
s BEASIY K Frank, 2012).

o PAAL BAE 2 Held 222458 A3



Lee et al.: Duration of drought stress effects on soybean growth characteristic and seed yield distribution patterns 271

Table 1. Effect of soybean drought stress plant height, stem diameter, leaf number, LAI, leaf biomass, leaf
nitrogen concentration, and leaf biomass during the R4 stage

Plant Node 1o Stem Leaf Leaf nitrogen Leaf
Varieties  Treatment height (plant™) diameter numb;:r LAI concentration biomazss
(cm) (mm) (g m”) (%) (g m?)

DWK’ Control 71.0° 13.2¢ 10.4° 588" 8.3 437 347.9°
vs? 86.0° 15.0° 9.2° 322° 4.7° 3.82° 197.4°

FS 79.0% 12.5% 8.2° 312° 4.4° 3.45° 193.7°

URK Control 80.0° 13.8° 8.0° 249° 3.2 3.45° 179.7¢
VS 77.8° 14.3 7.0° 242° 3.3° 3.39° 148.2°

FS 86.7° 15.7° 8.1° 296° 4.4° 3.53¢ 198.6°

JPK Control 64.4° 15.5° 10.6" 476 7.3 4.17° 272.3°
VS 57.7° 14.8* 7.9° 323° 4.0° 3.46° 140.9°

FS 58.6° 15.2° 8.5° 277° 3.7° 3.77° 167.8°

SYK Control 73.6° 15.7° 7.9° 571° 4.1° 4.87° 147.3¢
VS 58.4° 14.5° 7.4a 396° 3.0° 430° 118.8°

FS 70.6° 15.5° 8.4a 448° 3.3° 4.07° 147.0°

PSNK Control 74.0° 17.8° 8.3 786° 7.2 4.45° 294.0°
VS 65.6° 16.7° 7.4 350° 3.6° 4.03° 164.5°

FS 75.4° 17.5° 7.3 375° 3.7° 3.98° 174.0°

HWK Control 70.7* 16.7° 9.4 676° 4.9° 4.71° 188.3°
VS 41.4° 15.5° 7.4 595° 3.0 4.03° 129.7¢

FS 65.5° 17.7° 9.1 536° 3.9° 3.93° 185.3°

Values not followed by same letters between row are significantly different at P < 0.05

JDaewonkong: DWK, Uramkong: URK, Jinpongkong: JPK, Soyonkong: SYK, Pungsannamulkong: PSNK,
Haewonkong: HWK

?Vegetative stage stress: VS, Flowering period stress: FS

Table 2. Analysis of variance for soybean plant height, node number, stem diameter, leaf number, LAI, leaf
biomass, leaf nitrogen concentration, and leaf biomass during the R4 stage as affected by drought

Plant Node 1o Stem Leaf ni{;?)zfc;n Leaf
height q diameter number LAI . biomass
(plant™) 5 concentration >
(cm) (mm) (g m”) %) (g m”)
Varieties DWK’ 74.1% 13¢ 9.9 450" 6.4 3.88° 267.6"
URK 85.8" 15% 8.3 289° 4.1° 3.45° 184.5%
JPK 62.5¢ 15 9.2 358 5.2° 3.80¢ 204.9%
SYK 68.6% 15 7.5 496™ 3.5° 441° 137.4°
PSNK 72.6 17° 7.6° 490 4.6® 4.16° 202.7%
HWK 66.8¢ 17% 9.4 650° 43% 4.22° 194.3%
Treatment Control 72.3% 152 9.10* 558.1° 8.34° 4.33% 347.9%
Vs’ 64.5° 15° 7.70° 371.7° 3.94° 3.84° 178.3°
FS 72.6° 15° 8.28% 374.5° 5.17° 3.80° 212.5°
ANOVA
Varieties[V] <0.001 <0.001 0.2402 <0.001 0.0010 <0.001 0.0010
Treatment[T] 0.0088 0.5605 0.0692 <0.001  <0.001 <0.001 <0.001
[V] x [T] 0.0192 0.3402 0.8880 0.1458  0.0039 <0.001 0.0800

Values not followed by same letters between row are significantly different at P < 0.05

JDaewonkong: DWK, Uramkong: URK, Jinpongkong: JPK, Soyonkong: SYK, Pungsannamulkong: PSNK,
Haewonkong: HWK

?Vegetative stage stress: VS, Flowering period stress: FS



272
o] I} BAZ FLEsto] P 1009 F 2AF &
TA S ek

BA E42 SAS 925 olgate] 153t oA
42 Tukey HA(P <0.05) 2= 53, =40
2 F5 AP 223 FF < Aol tisf e
aFaict.

L. Z3 Y 33t
1. st 7|Ztofl E Mg EH Hat

SAHG7IA F F T 7k =0 §

o)dS HYlrK(Table 1). UFS G LAL o Fa

Korean Journal of Agricultural and Forest Meteorology, Vol. 21, No. 4

o @4 LAL 9 Fd B W 9 ABFo] ROl
oF MYtk 2T 9 Ak FEI} G Hol
T G4 LAL 9 Ak S5

(Table 2). FEE A4, mhel4s @4 LAL 24 iz

g
o,
Y
ﬂn
\
o
=
H1
U
do
lo
_c‘>£
32
By
A
S
()
S
ot
i3
N

o
2
4> 1]
=
"
B>
ofr
K1
yE
4o
=
qu
N
rlo
i

o

4 Moy
(o o
ol

Eo

i)

B>

1th(<0.001). & x 3h 7|7k

£9] foldE HaL<0.001), FH
= okt FEAol dFS
-9} tiH|ste] VS FS&= 717} 52.8

1
N
K

WE ol U W
b
—
>

N
p

KO,
[
(njn

N

-
i

Al= T

N

i

Table 3. Effect of soybean drought stress on plant height, node number, pods number, 100 seed weight, and

yield (RS8)
Mains stems Branches Total
Varieties  Treatment  pods no 20 pods no 120 pogs no  seed 1005 yigg
(m'z) weight (m'z) weight (m'z) po g weight ( m’z)
(8) (8) (g)
DWK'  Control” 599.3% 25.0° 402.6° 27.1% 1001.9* 1.3* 26.0° 260.9°
VS 3453 21.0° 195.2° 17.9¢ 540.6° 1.5° 19.4° 105.0°
FS 254.7° 22.1° 306.3° 22.7° 561.0° 1.2* 22.4° 125.5°
URK  Control 426.8* 25.3° 253.5° 21.5% 680.3" 1.6* 23.4° 159.2°
'S 397.3" 20.3° 424.8° 19.9° 822.1° 1.0 20.1° 165.5°
FS 280.3° 21.9° 160.0° 17.6° 440.3° 1.4° 19.7° 86.7°
JPK  Control 460.7° 19.0° 308.1° 17.9* 768.8" 1.4 18.4° 141.7°
VS 366.3" 15.1° 180.4° 15.5° 546.8° 1.5° 15.3° 83.7°
FS 315.1° 18.1° 172.0° 17.8° 487.1° 1.7 18.0° 87.6°
SYK  Control 479.8* 12.4° 630.0° 11.0* 1,109.8° 0.8 11.7 129.6°
'S 348.8° 12.2° 454.6" 11.0° 803.3* 0.8 11.6° 93.2°
FS 449.1° 11.2° 548.1° 10.2° 997.2° 0.8° 10.7° 106.
PSNK  Control 683.9° 10.7° 496.7° 12.8° 1,180.6" 1.3 11.8° 138.4°
VS 542.5% 9.4° 449.6° 9.4° 992.1% L1° 9.4° 93.3°
FS 409.8° 10.6° 345.4° 10.9° 755.3° 1.2° 10.7° 81.1°
HWK  Control 891.3* 9.2° 1,381.0° 9.5 22723 0.7 9.4 212.6°
S 403.1° 9.1° 544 .8 9.0° 947.8 0.8 9.0° 86.2°
FS 411.6° 9.0° 520.3 9.1° 931.9° 0.9° 9.0° 84.0°

Values not followed by same letters between row are significantly different at P < 0.05
JDaewonkong: DWK, Uramkong: URK, Jinpongkong: JPK, Soyonkong: SYK, Pungsannamulkong: PSNK,

Haewonkong: HWK
?Vegetative stage stress: VS, Flowering period stress: FS
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Table 4. Analysis of variance for soybean pod number, 100 seed weight, seed pod and yield as affected by

drought (R8)

Mains stems Branches Total
Pg(c)ls lgv(:isgiid Pods . no lx?v(:isgilid Pods , no Seedl lx?v(z:-isgilid Yielg
™ (@ ™ S
Varieties DWK’ 399.8 227 301.4¢ 22.6° 701.2° 1.3% 22.6° 163.8°
URK 368.1°  22.5° 279.4¢ 19.6° 647.6° 1.3 21,1 137.1°
JPK 380.7  17.4° 220.2¢ 17.1° 600.9° 1.5° 17.2¢ 104.4°
SYK 4259°  11.9° 5442 10.7¢ 970.1° 0.8° 11.3¢ 109.8°
PSNK 5454  10.3 430.6° 11.0¢ 976.0° 1.2° 10.6° 104.3°
HWK 568.7°  9.1¢ 815.4° 9.2° 1,384.0°  0.8° 9.1 127.6°
Treatment Control 590.3*  16.9° 578.6° 16.6° 1,168.9°  12° 16.8*  173.7°
Vs’ 400.6°  14.5° 374.9° 13.8° 775.4° 1.1° 14.1° 104.5°
FS 353.4° 155 342.0° 14.7° 695.5° 1.2° 15.1° 95.3°
ANOVA
Varieties[V] ~ <0.001  <0.001 <0.001  <0.001 <0.001  <0.001 <0.001  <0.001
Treatment[T]  <0.001 <0.001 <0.001  <0.001 <0.001  0.5585  <0.001  <0.001
[V] x [T] <0.001 <0.001 <0.001  <0.001 <0.001  0.0680  <0.001  <0.001

Values not followed by same letters between row are significantly different at P < 0.05
JDaewonkong: DWK, Uramkong: URK, Jinpongkong: JPK, Soyonkong: SYK, Pungsannamulkong: PSNK,

Haewonkong: HWK

?Vegetative stage stress: VS, Flowering period stress: FS
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Daewonkong: DWK, Uramkong: URK, Jinpongkong: JPK, Soyonkong: SYK, Pungsannamulkong: PSNK,
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Fig. 1. Effect of drought stress regimes on stem status and pods at RS.
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