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Mitigation Effects of Foliar—Applied Hydrogen Peroxide on Drought Stress in
Sorghum bicolor

Doo-Do Shim"*, Seung-Ha Lee?*, Jong-Il Chung®, Min Chul Kim®, Jung-Sung Chung®, Yeong—Hun Lee?,
Seung-Ho Jeon®, Gi-Eun Song®, and Sang-In Shim®'

ABSTRACT Global climatic change and increasing climatic instability threaten crop productivity. Due to climatic change,
drought stress is occurring more frequently in crop fields. In this study, we investigated the effect of treatment with hydrogen
peroxide (H,0O,) before leaf development on the growth and yield of sorghum for minimizing the damage of crops to drought. To
assess the effect of H>O» on the growth of sorghum plant, 10 mM H,0O, was used to treat sorghum leaves at the 3-leaf stage during
growth in field conditions. Plant height, stem diameter, leaf length, and leaf width were increased by 7.6%, 9.6%, 8.3% and 11.5%,
respectively. SPAD value, chlorophyll fluorescence (Fv/Fm), photosynthetic rate, stomatal conductance, and transpiration rate
were increased by 3.0%, 4.9%, 26.0%, 23.4% and 12.7%, respectively. The amount of H,O, in the leaf tissue of sorghum plant
treated with 10 mM H,O, was 0.7% of the applied amount after 1 hour. The level increased to approximately 1.0% after 6 hours.
The highest antioxidant activity measured by the Oxygen Radical Absorbance Capacity assay was 847.3 umol-g” at 6 hour after
treatment. However, in the well-watered condition, the concentration of H,O; in the plant treated by the foliar application of H,O,
was 227.8 umol-g™! higher than that of the untreated control. H,O, treatment improved all the yield components and yield-related
factors. Panicle length, plant dry weight, panicle weight, seed weight per plant, seed weight per unit area, and thousand seed weight
were increased by 8.8%, 18.0%, 24.4%, 24.7%, 29.9% and 7.1%, respectively. Proteomic analysis showed that H,O, treatment in
sorghum increased the tolerance to drought stress and maintained growth and yield by ameliorating oxidative stress.
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. Influences of foliar-applied H,O, on plant height and
stem diameter of sorghum plants at 30 (left) and 60
days (right) after treatment.
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Fig. 2. Influences of foliar-applied H,O, on leaf width and
leaf length of sorghum plants at 60 days after treatment.
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Fig. 3. Influences of soil water condition and foliar-applied
H,0, on dry weight and leaf water content in sorghum
plants under different soil moisture conditions.
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Fig. 7. Changes of photosynthesis-related parameters in sorghum
plants treated with H,O, under different soil moisture conditions.
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Table 1. Major proteins changed by 10 mM H,O, treatment in sorghum leaves under drought condition.

Biological process Score® M,* (kD) pI° SC?

Name Accession No.
A  Up-requlated in H;O, treated sorghum
0 26.6 kDa heat-shock protein AS5SA8V3
1 P-(S)-hydroxymandelonitrilelyase HNLS SORBI
2 Putative uncharacterized protein Sb07g027500 C5YIP5
3 Superoxide dismutase [Cu-Zn] C5YN49
4 ATP synthase delta chain, chloroplastic ATPD_SORBI
5 Cytochrome b6-f complex iron-sulfur subunit C5YY74
7 Putative uncharacterized protein Sb02g002690 C5X9F7
8 Putative uncharacterized protein Sb02g002690 C5X9F7
9 Putative uncharacterized protein Sb10g000720 C57269
14 Phosphoglycerate kinase C5Z0B5
15 Malate dehydrogenase [NADP] 1, chloroplastc =~ MDHP1_SORBI
22 Fructose-bisphosphatealdolase C5YSP7
24 Putative uncharacterized protein Sb01g015090 C5WT90
25 ATP synthase subunit gamma, chloroplastic POCIMO
27 Filamentation temperature-sensitive H 2A B1P2H3
28 Phosphoribulokinase B4FQ59
V¥ Down-regulated in H,O, treated sorghum
23 Glutamine synthetase Q5MD11
29 Malate dehydrogenase [NADP] 1, chloroplastc =~ MDHP1 SORBI
30 Glutamine synthetase Q5MD11
31 ATP synthase subunit alpha, chloroplastic ATPA_SORBI

26564 79  29%
56626 50 23%
27101 53 57%
20804 53 25%

Stress response 196
Hydroxymandelonitrilelyase activity = 88
Photosynthesis 188

Removal of superoxide radicals 201

Photosynthesis 237 26720 4.8 46%
Photosynthesis 239 24313 82 35%
Photosynthesis 307 27718 8.6 59%
Photosynthesis 184 27718 8.6 41%
Oxidoreductase activity 239 40279 83 51%
Glycolytic process 524 50190 59 55%
Carbohydrate metabolism 221 46939 58 53%
Glycolytic process 502 42014 64 53%
Carbohydrate metabolism 226 41964 56 45%
Photosynthesis 188 40107 84 27%

ATP binding 552 72562 57 51%
Carbohydrate metabolism 102 45121 58 28%

Glutamine biosynthetic process 193 39387 55 51%

Carbohydrate metabolism 148 46939 58 47%
Glutamine biosynthetic process 98 39387 55 26%
Photosynthesis 662 55713 59 56%

*Calculated probability, "nominal mass, “isoelectric point,

(]

185te] Tl 5SSk BEH0 A2lolA F7)
3t Thal A2 olutamine synthetase (23, 30), ATP synthase
subunit alpha (31), malate dehydrogenase (29)7} @o] 4
=] thFig. 9, Table 1). 9]} 22 Thal 2L bl 270

9o A AT THAZ Kim er al. (2015)0]
O3l Hi1E ¢l o, E3]L} Malate de hydrogenase (MDH)
L oEslE ST T oA} chl oo, sk 27 o) A]
S el oA IAE Ikl fHeH(Cramer
et al., 2013). ATP synthase subunit alpha+= 3337} o3
oSl T ARN AE 2 EY ehE 27190 A] ribulose
bisphosphate carboxylase/oxygenase activase?} CjEo] W
o] Wy 1eil sl AEFA oA FISE
2|5}7] Q8 2R3 thAo)7| = FcHKim et al., 2015;
Ali et al., 20006).

SHHH,0, & Elo|A Z7Fet ThalZ.S ATP synthase deltal
chain (4), cytochrome b6-f complex iron-sulfur subunit (5),
ATP synthase subunit gamma (25), putative uncharacterized
protein $b02g002690 (7,9), Sh07g027500 (2)9} 7o =&

dsequence coverage.

bisphosphate aldolase (FBA 22)9] HP?ﬂE Z7}5k9itk FBA
= Sl ool N o AEd)s U S AR AT
HHFS o FBA mRNA =7} Z71shtha 2 s githLu
et al., 2012; Hu et al., 2012). 712|1 FHEHH,0, 2|7}
E 4 AoflA] superoxide oS AANF= = superoxide
dismutase (3) 54 @ w9l 2747} Selsigich. Aoz
AlE RAOA Ak AH[EFY] 1-2% HETF 2ARNO,")7}

AR e =, A BA 12 B gl s witst
ok O, Alxutol 7H AZkst AellE 94E 7HsAdel Sl
= B4 AT F sUEA, 0,79 A2 OHeL 22 vt
4 =2 ST FS SN, AR iR e R A
Ao e 9 AE okslE Zefaich WA )4 F2 A
H XAk E superoxide dismutase?} ascorbate peroxidase
£ Zots dulY g4tst A Agof 9sto] si=dE 4
9)-t|(Asada, 1999), 413t §4 F SODLE 34 AEF
2ol e W stel 87 AEUAR dlstel B4



LA KfEjof 2ot

ol SRS u wol WAgshs aar dEA vt
(Apel & Hirt, 2004). 12| B8 TpAIS 44 2] wjio] A
BH TS AASH] 918 SODE o] o]Fol
al, fhE 2o A B g QlEc ASkea A &
AEYAE B 4 Qo X SOD Wage] F7tst
. Li et al. (1998)2 gk 2704 ghdh WA L=
9] SOD o] ghth 44 &4 % SOD 3

3
FrTha Stk ol ThakSkEA X27h SOD W

R
N Lk
H

(¢}

%
%

oN O dmd 32
i)

Al

Akl 2 (heat-shock protein, 0)x= SHEHH,0, & 2]o|A] I}
W B Qo). @52 okl A (heat shock proteins)S EAlFS
2% EHsksd 100 kDa ole] nEAFAF AT
(high molecular mass HSPs), Hsp90 (81~90 kDa), Hsp70
(65~80 kDa), Hsp60 (55~64 kDa), Hspd0 (35~54 kDa) &
34 kDa ©o|3}9] 22 dZZ Tkl 2l (sHsps: small heat shock
proteins) 2 E535FcH(Agashe & Hartl, 2000). ©]2{st %
AAE S choret AEdA 2olq Sulde] 1AL

%

golra TEH EHS RAAA Rt 4T Bk

!
N
orre
_]:r:
o
(¢

[

m

I,

>

ol

=

S~

ifia

foy

x

Lot

i}

+

pacs

18 e
o

of i
ol
T |\

x = oo

X,
o
Hi
& e
(e)
=

JS 0]t Agashe & Hart
& FEdte AEZES T2
e 2= k=EEoE AY
g, A, A2 el i 2 R
Ef iy 2 osiAE f=E ¢ Qe Ader &

Qltk(Lee er al., 2009; Jakob et al., 1999). E3t 1152
AL A A E]= A Yol Al SAPK/INK (Stress- activated
protein kinase/c-Jun NH,-terminal kinase) % caspase-3 2]
48 Eulslo] apoptosisth TARSF 72 A E APEHS &
woh Aow geid gou), Ao BAses Al

S

=
I e
;:9‘ oLl
lo

)

0:_1, o

my

i o
il

it

)

N of
1o

o,

£ oAy} 42 B A 2o HHEY| e gt
(Kim er al., 2001). wzha] B 1m IpAkeles AEE
ol e

Fo

2R AL 9E HYS F3) 2504 T
B3} QA Pokry] Sfste] Harske
Aol thE A% % YA B4 Waeh g wsks

S -3

F40| U AER|A &Yt 121
Hsteict
Lo ZA Ageld s AEdAL S5 ARE 2N
O, BAEHRA AT ol M BB FH el R
o %ol 94stolth EaE TR A BABeA
Aele RAelo] va) 4 B YASIAFHE i
ante Bt

2. ¥ SMZ(SPAD) 4 PE4 FF(Fv/Fm), FA 4
Ao A ISR A 2| 7) AkSke A FA ] EY =
AL, A Aol AW THiketea e 250,
A27F A5+H0 AP Eoy dikskea 9heFo] 227.8
umol-g”" &9k, S 20| A P THAkslpa e
SHHH,0, # 87} 3P+H0 A 2]H ) 16.7 umol-g' o
2 S

3. 3P 2HolA BikSkra A oy e o) WS
HSRA R o0, 53] FotA T Tl ATP synthase
deltal chain, cytochrome b6-f complex iron-sulfur subunit,
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