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Drought stress is considered as one of major abiotic stresses; it leads to reduce plant growth and crop
productivity. In this study, we selected bacterial strains for alleviating drought stress in chili pepper
plants. As drought-tolerant bacteria, 28 among 447 strains were pre-selected by in vitro assays includ-
ing growth in drought condition with polyethylene glycol and plant growth-promoting traits including
production of 1-aminocyclopropane-1-carboxylate deaminase, indole-3-acetic acid and exopolysac-
charide. Sequentially, 7 among pre-selected 28 strains were screened based on relative water content
(RWC); GLC02 and KJ40, among seven strains were finally selected by RWC and malondialdehyde
(MDA) in planta trials under an artificial drought condition by polyethylene glycol solution. Two strains
GLCO02 and KJ40 reduced drought stress in a natural drought condition as well as an artificial condition.
Strains GLCO2 or KJ40 increased shoot fresh weight, chlorophyll and stomatal conductance while they
decreased MDA in chili pepper plants under a natural drought condition. However, two strains did not
show biocontrol activity against diseases caused by Phytophthora capsici and Xanthomonas campestris
pv. vesicatoria in chili pepper plants. Taken together, strains GLC02 or KJ40 can be used as bio-fertilizer
for alleviation of drought stress in chili pepper plants.
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7HE 2B AS FEste] 4B LS AASP] Slo B =
22 7)goln glom, o] F A2 483 MAES B3}
ok A7E T gk

H

[e)
ZAL WRG EPo] AT nAE
ZHA+(plant growth-promoting rhizobacteria)2 A&
O] A AEFHA XA S W A A A 2-o 8
gl 9E-S Sl= AL 2 UEA QltHKang 5, 2014; Marasco
5. 2012; Tank®} Saraf, 2010). o]2|3t 21& YA 22 ZHUA|
Z2 7] 39 AAS THte] Wk HEO 2T} A of
4L FHAL, ABAH AL T2ET GARE 2
%4, 9l(phosphorus)T 22 Bl7F44 A E el
S8 5ol el S PPIE Aow oo
e $d skt E S s e A
FaAF|ZAG AR 15t E EA5HE ojgdo] AT
AN 714S Bote] 48 ARl =g F3 Yt
(Naveed 5, 2014).

Z 42 4% 53

=

2 dFollAE 715 Hste] ofjt e AEH A F 7hEe] 9
e A S AEYAE ANAT = -8 LA = st
LA} BT ©1F H3l in vitro assay S F3l A= A8 F0
AE 543 A9A Az 24NN A HsT 2L
AT 3, AE BE BRE B9 13 A8 18 A
A8 PN §-8 SRR S AL Stk & AT
= % 23] HH25199 31, SAS version 9.1 0]-8-5}o] EAHE A%
3 248912 "4 A (least significant difference test, P<0.05)S 4=
Fatsic

AX LA U AlE MZEEZXI(plant growth-promoting) Of
% 2, 21A, gepelA A
WS BB, 0 12, B, EolE)o] 2R B
10 mM MgSO,°] do] A& vieFste] B¢ d5tdS T &,
tryptic soy agar (TSA; Difco, Detroit, MI, USA) Bl %]o]| 314 ¥
o =5to] 28°Col A 4U7E iRt F FE|A o= Aol
227 w55 RSt £3, HEbd: 4loke] A, A A
A9 d*@*‘ =@z Az, A, A&FA0)) 28y
WA Alet& 2@5h7] $18ke] Shin 5(2019)9] WS o|-&-5t
Fom, L4 /\1]—}_%% 0.85% NaClo]] & EFS 2353t & 2
oL, WA Alat- A2 25 23 cmZ A& 5 oS
(70%)3} 3% NaCloS. 2 ¥z FH-S A5kl 2.5% Na,S,0,
©2 302 AT F BFEE 358 JOIF T, BA AFT
Wal & 7o} 0.85% NaClo| §EFs|o] Reasoner’s 2A (R2A) agar
(LabM Ltd., Bury, UK), soil extract agar (HiMedia Laboratories
Pvt Ltd., Mumbai, India), marine agar (Difco)o]] 3]AFgH=2

She] 28°Co] 37k TNFEH F WEH 0.2 Aolst 220 FF
£ SI5P| 3l F 447 45(0Ds0=0.2 %
Sandhya 5(2009)9] ¥ o] wet polyethylene glycol (PEG)
60007} 10%, 20%, 30% s= 2 &7} tryptic soy broth (TSB;
Difco)ulj x]o]] 24|17k w3t & SF=(600 nm)E =45}
PEG7} H71=]A] $F-2 TSB vl R|of| A wfjoFst A} Agxl-__ H] 1
SHoITk A8 ARSI AT 24 Yoo S2018)2] WY
of w}2} 1-aminocyclopropane-1-carboxylate (ACC) deami-
nase &4, indole-3-acetic acid (IAA) A4k} exopolysaccha-
ride (EPS) §/43-& A3}t ACC deaminase €432 30 umol
9] ACCE DF salt minimal agar (Penrose®} Glick, 2003)¢f] =
o 3, Al BE(0Dg,=02& FEHT 48417 T T
Aol ACCE AAU0 2 ALg3to] A=A B7oHY
o} IAA 27352 Al AEH(ODg,=0.2) 100 pg/mie] EY
Ed(tryptophan)o] 31 1/2 TSB vl X|of| 4] 24A]7F F-2F Hj
oFgt ¥, 94182 o] AH594E 471519 phosphoric acid
2} Salkowski reagent (0.01 M FeCl, in 35% HCIO,) & 713t &
B (530 nm) 2 ZA5}o] WrFtgITh EPS AYARS Al 7ol E
Q1 F7& H9Hmucoid)& A/t AL o83t &lst
FAck(Tallgren 5, 1999). o) & £33 & 447 #5 S|4 Az Y
516 B AR AYEN BN FF 2 25E
3talo] 28 FHE UAH 0.2 AABTHTable 1).

QILIXQI ZAX ME ZE AH.  In vitro assayS F3ll YAt
A28 29 HE AEAA 3 BIE A4S AR
A3l A 12 (Manitta, Nongwoo Bio Co., Ltd)EX& A E(H
&)oll wHEsho] 45274 28+4°C 2= 9] 22 Ao A Afulsted
o}, Alubst 28 322 ZkzF TSBojlA] 28°C, 150 rpm, 484|7F 7
L &, 6,000 rpmo] 1587F YA BE]ste] 10 mM MgSO,2
FEFM(0OD40=0.2) TtE0] 1 AEQRYE) TE AE 1 g
1 mlz A2 & 654 TGk A=A FE SN
Bacillus vallismortis BSO7ME ) 2 HF& AF-&-35t5ch Al =
FAY 17U T A9H e 2 Ax AEHAE 25| s
20% PEG (w/v) (Supplementary Fig. 1) & 2 7+4 2. 2 33] A
] & 2 5 Qo] At} = E5 e (relative water content, RWC)
(Tiwari 5, 2016) fresh weight (FW), AF2-(25°C)o]| 4] 44|17t
Zot Eof EA] =43 turgid weight (TW), 60°CoJ| A 484
ZF 5o ¢4 dry weig ht (DW)E- Barrs2} Weatherley (1962)2]
AAFH RWC (%)=(FW-DW)/(TW-DW)x 10022 AAlkslo] =
At A7}, 28 ¢35 = 7 ¥-5+(GLCO2, GLSHO3, HO7E-04, HO8E-
03, HO8E-05, KJ24, KJ40)7} A 8] L2t RWC7 =& AL &)
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Table 1. Bacterial characters including drought tolerance, EPS,
ACC deaminase activity, and IAA production

a b c d
Strains PEG20% EPS ACC deaminase IAA

HO5E-12 + - + +
HO4R-04
HO5R-01
HO5R-04
GCO1
GLC02
GLSHo03
HSR11
HSR14
HSR22
HSR29
KJO9
KJ18
KJ20
KJ24
KJ40
HO4E-13
HO7E-04 -
HO7E-07 -
HO8E-03 -
HO8E-05 -
HO8E-13 -
HO8E-16 -
JTS01 -
JTLO4 -
HSR37 -
TiTO3 -
TiTO8 -

- +

+ + B o+ 4+ + 4+ 4+ o+ o+ o+ o+ o+ o+ +
o+ o+ L+ A+ o+ A+ o+ 4+
o+ + 1+ 4+ +
| e S e | | |

+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+

+ 4+ + 4+ + + + o+ + o+ o+ o+ o+ o+ o+ o+
+ + + 4+ + + + o+ + o+ o+

+ +

EPS, exopolysaccharide; ACC, 1-aminocyclopropane-1-caboxyl-
icacid; IAA, indole-3-acetic acid; PEG, polyethylene glycol.

°+, positive; -, negative reaction compared to PEG 0% condition.
b—, no production; +, production.

‘~, no activity; +, activity.

“IAA production: -, <100 pmol; +, >100 umol.

QI&THFig. 1. 3719l g SlahA AT F 1054 7
FFE A3 A 2] A A& $=83=F MDA (Bao 5,

, 2009)
9} AE 4 (chlorophyll) g+ (Fernandez 5, 2012)& 4314
t}. RWCE= t 2171 46.8+1.0%¢] ¥HH, GLCO2 #55 A =]gh

100
80 -
60 -

Al

Relative water content (%)
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Fig. 1. Relative water content of chili pepper plants treated with
bacterial suspensions. One week after bacterial treatment, water
(for healthy plants) and 20% polyethylene glycol was drenched to
plants; relative water content was measured at 2 days after chal-
lenging stress. Asterisks on the bar mean statistical difference by
least significant difference test (P<0.05); error bars indicate stan-
dard errors.

3132 50.7+1.0%, KJ40 F-F= A2et AE-2 50.8+1.3%=
8-05HA Z7}stg oM, MDA &4 A3t 91929l 712 AE
G A7} 9 o 2L 3.9+0.2 nmol/gQl BHH, KJ40 F3=

= ARt A=
A, GLC029} KJ409] &= ¢35 2F
A9 Bt Ashe

2 2.5+0.3 nmol/gZ 4= %IchFig. 2). w2t
Aksto] A 2= o
tf|of| AH-&-5F3iTh

eaf porometer (Decagon
Devices, Pullman, WA, USA)Z o] &3}o] Q9] 7| ZAEE
(stomatal conductance)& SA3tk 1 A9 AA AX 5

T AEAY] gEL T2 7 2EH LV gle 240
/\1L FAE e AT Zhe] AFol7E giglont, Al Az =
Ao A= TxjE] o] A2 168.2+3.1 ug/gel ¥ha GLCO2
Z2 A3 A1 B2 1924476 ug/g o 2 Z7l8H= AL BHY
tHFig. 3D). 7ha 2Eg A7} gle 204 2+ ¢

A E AFR-E7I9 Q) FA= 2.06+0.20 ol L
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Fig. 2. Relative water content (A), malondialdehyde (MDA) content
(B) and chlorophyll content (C) of chili pepper plants treated with
seven per-selected bacterial strains. 20% polyethylene glycol (for
drought stress) was drenched to plants 1 week after bacterial treat-
ment and leaves were sampled at 2 days after challenging stress.
Lower case letters on the bar mean statistical difference by least
significant difference test; error bars indicate standard errors.

=

7] ZAL 0.49+0.02 g2l HHH, KJ40 FFE % ’Hfﬂ J=2]
9 AF FA= 2.67+0.19 g, B FA= 0.89+0.12 g
2 g5 Z7kskgon, A A2 ZANHE xl AERS
FAZF 2= 1.3410.07 g8l Aol H|3] KJ40 o+ =5 A=
3 A Bo| AL 1.92+0.19 g2 AA 5 Z7F3HATHFig. 3A,

B). %19 7|3 A==t MDAE AEFAE 4| 92 2719
A Zol7t gon, Al Az 27 A1Ee] MDAL
27} 5.9540.18 nmol/gQl ¥1H, KJ40 #+FE A 2|3t 13
A1 Bo]| A= 4.37+0.23 nmol/g¥} GLCO2 FFE Ha]gt
F A9 7% 4.031£0.42 nmol/gE A8 THFig. 4A). ¢
9] 7| ZAEEE tZF oA 31.1+2.6 mmol/m*/sec?l ®F
H, GLCO29} KJ40 =5 A3t 115 Al Eol|A= 217+ 48.4
+5.9 mmol/m?/sec®} 48.4+8.0 mmol/m?*/secC. & u|AYE
GLC02, KJ40 #5322 Helet A9 w7 vls) Z71eke
tHFig. 4B). o]&3t A1} & £3sHH GLCO2¢} KJ40 &5
A2gt A g AR A AR 274 MDAZH
st g ks

Al 50| 7k AEHAE woH &4d44(0,, H,0, -OH)7}
AgE o] A2 wHiksl gl g s JM% ol Alzof| ket B E
W= Ao 2 dEA Jlem(Nair 5, 2008), MDAE AHSH4 1)
afjo] gaFel A piksto] At Hio] eubA & 2} 0] 85
o] Ltth(Sofo 5, 2004). =3, 7|3 A= =7} F3} st CO,
F&0] £, o|= st 919 2719} £7] Al ¥ g
o] axsto] AutA o 2 A-E9] 037} 7hEHrHAnjum 5,
201). AlEoflA Al A2 E42 S45h= MDAZ} <
/‘\jlgolql ‘I']OH/\'] ]%5] H]—lgo] PEGE o].Q_t‘s]- o],?_]x%o] Az
Z70| A= KIA0RE 72k out AA|o]-§- A3t vlsegt =7
Al AAAx Ao A= GLCO2¢} KJ402 A=_t A= ollA] 2+

R

48R, 7| BAEE7 R gH] =& Ao 2 Hol GLCO2
9} KJ40 325 A3 A Z o] A 7HE Y4o] trehd-S 2l
i,

H x| S3t A™. 313 39 W9l Phytophthora capsici©l
oJ3t AW} Xanthomonas campestris pv. vesicatoria DS11| 2]
SH Al AR ol digh A=A 23 Frhskach 2%
A GLC029} KJ402 TA 2|3t 7Y 3o, 115 9

8-F2}H2x10% zoospore/ml)E Sang 5(2008)2] W o 2
Z3}o] 13 Zof Hrlstg o, rifampicinol] AL 714
= AR YHEYHF(GX10° ceIIs/mI) Sang 5(2010)¢] w}
2 HFGH) 3 247} 494 912 ZHobA] rifampicin (50 pg/
ml)2 E-& TSA Hjj®]of] =23} colony forming unit (CFU)E
243}t & kA Z 0.2 mM benzothiadiazole (BTH)S
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Fig. 3. Pictures (A), root fresh weight (B), shoot fresh weight (C), and chlorophyll content (D) of chili pepper plants treated with selected two
bacterial strains. One week after treatment, non-stress or drought (natural water deficit) stress was challenged for 5 days. Lower case letters
on the bar mean statistical difference by least significant difference test; error bars indicate standard errors.

AFg3h4T) 1 A 13 o] Wu)s)| = (disease severity, 0 Matgxo| E™, 2T &= H#329] 165 rRNA &7]
[(AAAE]-5 [TARE]) = B4 2Fo)7} §lloL, areas un- X¥€-& EzBioCloud (http://www.ezbiocloud.net) & F3l &

der the disease progress curvesoﬂlx L BA gt A] 104+ 23+ Ak, GLC022}H KJ40 X5 Bacillus 40 £3F= Ao 2
0.5, GLC02E A g]et Al E o)X= 8.9+0.62 2 HWAAEY} 7+ gFol=] 9l GLCO2:= Bacillus velezensis CR-502(T)2} 99.9%
A= A0 2 FRRIEQIT AlFARFE Y& EAg]4L= 5.94 SAMAS B4, Bacillus siamensis KCTC 13613(T)2} 99.6%,
+0.04 CFU/cm?o]L} KJ40-& 2] 3t A1 E-oj| 4] 5.80+0.03 CFU/ Bacillus subtilis subsp. subtillis NCIB 3610(T)2} 99.6% 2]
cm’2 2 CFU7ZF B4 2] 3te v]8)] 74st= AL 218k 4= 9) A& B Bacillus sp. GLCO22 FA 3}t KJ40-2 Bacil-
tH Table 2). lus butanolivorans DSM 18926(T)2} 99.7%2] S-AME HY
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Fig. 4. Malondialdehyde (MDA) content (A), stomatal conductance
(B) of chili pepper plants treated with selected two bacterial strains.
Drought stress (natural water deficit) was challenged for 5 days, pa-
rameters were measured. Small letters on the bar mean statistical
difference by least significant difference test; error bars indicate
standard errors.

a1, Bacillus simplex NBRC 15720(T)2} 99.6%, Bacillus mura-
lis DSM 16288(T) %} 99.3% 2] -S-AHdS Eo Bacillus sp. KJ40
o2 £y

Table 2. Disease severity and AUDPC caused by Phytophthora
capsici; CFU in leaves infected by Xanthomonas campestris pv.
vesicatoria DST in chili pepper plants

Phytophthora blight’ Bacterial leaf

Treatment spot”
Disease severity = AUDPC  Log (CFU/cm’)
Control 3.0+0.2 & 104+0.5a 5.94+0.04 a
BTH 1.0+0.2b 2.5+04c¢ 5.33+0.04 c
GLCO2 3.0t£0.2a 8.9+0.6 b 5.90+0.04 ab
KJ40 28+0.2a 9.3+0.6 ab 5.80+0.03 b

AUDPC, areas under the disease progress curves; CFU, colony
forming unit.

*Six-week-old chili pepper plants were inoculated with 10° zoo-
spores per gram of soil. Disease severity was evaluated on a
scale of 0 (healthy)-5 (plant dead) 8 and 14 days after inocula-
tion in two experiments. Respectively, AUDPC was determined
based on disease severity.

*Four-week-old chili pepper plants were infiltrated with 5x10°/
ml. Infected leaves were sampled at 4 days after infiltration in
two experiments.

‘Lower case letters mean statistical difference by least signifi-
cant difference.

2 o

Ag 2T A BT 447 25 F AR AR 52
3k A% ol G 28 FF-E AAH 02 A 319
], PEGO] 93t Q1918 Az 2 Ed|2 2AA U9 Arj4:
3HeFT} MDAS 7]uko 2 GLC029} KJ40< Alutslgitt. o] &=
5 TS BF) 91 LEL AT A AR 4
B ZE 3L son, 71 B Eok ARG ) 7
A7t SjsiA Z71a vl MDA} Zhaslick B oA A
oA GLCO2E HelT 79 o] BAAEs} gashon,
KI0& Hele 29 A ATl et A Et 915
t}. o]2 ErE, GLC029} KJ40S A|e 4 A% AEFHA
S AUAAT AR 37, W A EUE fEstol 4
Bo|R| 22 AT 4 9IS RO 2 Y2ET

gz lo
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