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Selection of Suitable Plant Growth Regulators for Augmenting Resistance to
Waterlogging Stress in Soybean Plants (Glycine max L.)

Chang-Woo Seo', Seok-Min Lee', Sang—Mo Kang', Yeon-Gyeong Park', Ah-Yeong Kim', Hyeon—=Jin Park?, Yoonha Kim',
and In-Jung Lee"’

ABSTRACT This research was conducted to evaluate methods of enhancing the waterlogging resistance of soybean plant. Thus,
we applied seven types of plant growth regulators (PGRs) to soybean plants and exposed them to waterlogged conditions for a total
of 14 days. To evaluate stress resistance, we monitored plant growth characteristics data such as height, chlorophyll content, and
chlorophyll fluorescence for 28 days after the initial waterlogging (14 days under waterlogging conditions and 14 days after
waterlogging). According to the results, plant height was significantly increased by gibberellin A4 (GA4) treatment compared to
the control treatment and waterlogging-only treatment. However, we could not detect plant height owing to plant death when we
applied abscisic acid (ABA). Except for GA4 and ABA treatments, plant heights slightly decreased in all treatments compared to
the waterlogging-only treatment. The chlorophyll content and chlorophyll fluorescence showed a similar tendency among PGR
treatments. The chlorophyll content and chlorophyll fluorescence were significantly increased by ethephon and kinetin treatments
28 days after waterlogging compared to the waterlogging-only treatment. Consequently, kinetin and ethephon treatments induced
more resistant phenotypes in soybean plants during or after exposure to waterlogging conditions.
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Table 1. Information on the plant growth regulators (PGRs)
used in this study.

Group PGRs
Auxin Indole-3-acetic acid (Sigmaaldrich, USA)
Gibberellic acid Gibberellin A4 (Sigmaaldrich, USA)
Kinetin (Sigmaaldrich, USA)
Abscisic acid (Sigmaaldrich, USA)
Ethephon (Kyungnong, South Korea)
Salicylic acid (Sigmaaldrich, USA)
Jasmonic acid Methyl Jasmonic acid (Sigmaaldrich, USA)

Cytokinins
Abscisic acid
Ethylene

Salicylic acid
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Table 2. The effect of plant growth regulators on soybean height under waterlogging condition.

Under waterlogging (cm) After waterlogging (cm)
Treatments 7DATV 14DAT 21DAT 28DAT

Control 24.14+0.459¢ 33.74+0.873¢ 49.52+3.141b 60.23+4.048b

Waterlogging 28.22+0.964cd 38.294+2.128bc 46.24+3.354b 50.20+£3.511bc

WL? + IAA 27.37+0.898d 39.90+1.099b 50.33+£1.904b 50.71+1.886bc

WL + GA4 57.94+1.353a 73.23+2.502a 80.09+4.368a 82.29+4.323a

WL + Kinetin 28.72+0.835bcd 40.55+1.971b 49.10+4.431b 56.61+4.712bc

WL + ABA 29.5541.130bed N ND*** ND*#*

WL + ETP 28.6240.797bcd 36.71+£1.232bc 39.46+2.608b 47.98+1.832bc

WL + SA 30.58+0.978bc 35.93+0.832bc 43.80+1.175b 46.94+0.792¢

WL + MelA 31.38+0.543b 38.61+1.035bc 49.43+1.749b 49.52+1.510bc

YDAT : days after treatment; ?WL : waterlogging treatment, *ND : not detected. Same letter in the column is not significantly
different at 0.05 probability level according to Duncan’s Multiple Range Test.
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Table 3. Influence of plant growth regulators on chlorophyll content in soybean plants under waterlogging conditions. In this
table. WL indicates waterlogging and other capital letters indicate the abbreviation of plant growth regulators.

Treatments 7DATY 14DAT 21DAT 28DAT
Control 329.6+34.80a 213.6+46.43abc 394.4+39.81a 441.8+36.29a
Waterlogging 261.5+78.49ab 249.6+50.24a 243.7+53.93b 280.9+67.68b
WL? + TAA 314.9+34.88a 236.4+39.96ab 249.2+33.94b 329.4+59.88ab
WL + GA 280.2+44.63a 186.5+41.73¢ 242.7+47.20b 236.9+74.83b
WL + Kinetin 314.6+42.23a 246.8+64.64a 241.7+34.96b 335.6+93.64ab
WL + ABA 171.8+89.14b ND? ND ND
WL + ETP 318.6+54.14a 302.7+47.95bc 266.6+40.58ab 229.1+78.79ab
WL + SA 299.5+40.31a 236.5+43.21a 259.3+40.90ab 306.7+91.67ab
WL + MelJA 281.4+67.34a 178.2435.91¢ 203.7+35.56¢ 176.6+40.93¢

ANOVA

Source DF Type 1II SS Mean Square F Value Pr > F

TRY 8 988968.8723 123621.109 25.61 <.0001

PERY 3 992361.8997 330787.2999 68.53 <.0001

REP® 1 1984.4797 1984.4797 0.41 0.5219

TR*PER 22 299912.6703 13632.3941 2.82 <.0001

YDAT: days after treatment; ?WL: waterlogging treatment, ND: not detected; YTR: treatment; *PER : period; 6)REP: replication.
Same letter in the column is not significantly different at 0.05 probability level according to Duncan’s Multiple Range Test.
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Table 4. Influence of plant growth regulators on chlorophyll fluorescence in soybean plants under waterlogging conditions. In
this table. WL indicates waterlogging and other capital letters indicate the abbreviation of plant growth regulators.

Treatments 7DATV 14DAT 21DAT 28DAT
Control 0.807+0.005a 0.801+0.020a 0.836+0.008a 0.838+0.007a
Waterlogging 0.776+0.031a 0.770+0.029bc 0.793+0.022a 0.821+0.007a
WL? + IAA 0.760+0.043a 0.762+0.020c¢ 0.793+0.019a 0.822+0.014a
WL + GA 0.785+0.020a 0.774+0.006abc 0.778+0.018a 0.806+0.020a

WL + Kinetin

0.787+0.050a

0.793+0.014ab

0.798+0.023a

0.823+0.008a

WL + ABA 0.748+0.050a ND ND
WL + ETP 0.783+0.024a 0.773+0.024bc 0.789+0.012a 0.827+0.011a
WL + SA 0.764+0.056a 0.779+0.039abc 0.801=0.020a 0.810+0.007a
WL + MeJA 0.751+0.039a 0.769+0.026abc 0.794+0.009ab 0.785+0.015ab
ANOVA

Source DF Type III SS Mean Square F Value Pr > F

TRY 8 0.06483386 0.00810423 11.41 <.0001

PER® 3 0.07439462 0.02479821 34.92 <.0001

REP® 1 0.00824495 0.00824495 11.61 0.0008
TR*PER 21 0.01796245 0.00085535 1.2 0.2463

YDAT: days after treatment; ?WL: waterlogging treatment, *ND: not detected; “TR: treatment; YPER: period; ®REP: replication.
Same letter in the column is not significantly different at 0.05 probability level according to Duncan’s Multiple Range Test.
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Supplement Fig. 2. Phenotypic changes after plant growth regulator application. Plant samples harvested 56 days after waterlogging
treatment. WL: waterlogging only, KT: kinetin, ETP: ethephon.



