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Abiotic and biotic stresses have been a serious threat to crop growth and productivity in the agricultural
system. In this study, four strains (HS1, H30-3, KJ40, and BC42), which have biological activities related to
disease suppression or alleviation of salinity and drought stresses, were tested for broad-spectrum bio-
control activity against anthracnose caused by Colletotrichum orbiculare, a bacterial fruit blotch caused
by Acidovorax citrulli, and Fusarium wilt caused by Fusarium oxysporum in cucumber plants. As a result
of test, when the four strains were drenched into the soil, anthracnose in cucumber leaves significantly
decrease; strain KJ40 suppressed disease incidence by A. citrulli; strain BC42 significantly reduced bac-
terial fruit blotch and Fusarium wilt compared to control. Therefore, strain KJ40 could be a biocontrol
candidate for controlling anthracnose through induced systemic resistance and the disease caused by
A. citrulli as well as alleviating drought stress; strain BC42 has broad-spectrum biocontrol activity against
anthracnose, Fusarium wilt, and bacterial fruit blotch.
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Table 1. Properties of bacterial strains used in this study

No. Bacterial strain

Property Reference

1 Periacillus butanolivorans KJ40

2 Bacillus zanthoxyli HS1
Bacillus siamensis H30-3

4 Pseudomonas sp.BC42 Antifungal activity

Alleviation drought stress and induction tolerance of host plant

Suppression of plant disease development and tolerance on salinity stress

Kim et al. (2022b)

Usmonov et al. (2021)

Plant growth promotion, antifungal activity and enhance tolerance to heat/ Shin etal. (2019)
drought temperature stress

Kim et al. (2022a)

20| & H-& Colletotrichum orbiculare®l| 2|8} 2| AHE-o]
QS Wo 2 BH7|S BAste] 715 E AUSHE ol 5
Zlo]t}(Agrios, 2005; Kwak S 2021; Lee 5 2016). Acidovorax
citrulliz Tkl AR SHS st Aldtd Yt
2, FA TAol] Wolgld A1BA) gl FusiTt the
S WG 927 Qlck 4k vl w22 T A
o e 3 glom, Tl A, citrulli e 5 SolHoln]
KCC13} KCC2 &= 152 2 U oA = Aoz Bt
(LatinZ} Rane, 1990; Lessl 5, 2007; Song 5, 2015). 20| @&
AL Fusarium oxysporum f. sp. cucumerinum®j] 2J3f] 2
st ARl AZER| A Tafi7h 2w Aol FaFS 71X
ol B 1 EQItHLee =, 2014; Park =, 2019).

47 At Bt o3 BEA 29l &of 1F, A=, A
L e B AET AL 22| A 27 % e Ak
of FFe 7IAH, A& B U o] 2 FFe izt
(Mahajani} Tuteja, 2005). AHE2-2 T2 =7,
Ao, Aksta 4 SY57E W AR E
o] Aaketd HatE Fof o] AE A
AlZIEHGillZ} Tuteja, 2010; Gomes 5,
A2o) AL FA A7) 2E A
2l FHell slol Fagt 24 F shbo|m(Zhy, 2016), °|F ¢
AZGERATE] A8, T 22 AP F ohFet A=l 2
3] 37 IthHKim1} Song, 2016; Yoo 5, 2018). Nam 5-(2006)
2 A2 A5 7] A 2o] FHe abscisic acidE Eo] A
2ol et A7t A= a7t vkl Baskgle
™, Qi $(2021)1} Kaloterakis $(2021)-2 Bacillus sp& 2°] &
HetA oA et whet AlEAES A a el daf AT
2 ksl a7} Qlokal B TSIk

olg} o] 2ole] Au7I7t FF thepe Wt wAEA AE
gl 2of o3k Aafi7| EAs, o] & A&7 SHA sk 9
o e AHEYS T TR B Yelo] A7)
T QIEHAl 5 2020; Park 5, 2012; Yang 5, 2014). whaha], 2
oA e Ao HA B BAEA 2EHAE A5t
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2 Aol = ZHEY HIBEE] 2B 20 o3t A E 7
A7) 7109 v AL Peribacillus butanolivorans KJ40 (Kim
5+ 2022b), Bacillus zanthoxyli HS1 (Usmonov - 2021), B. sia-
mensis H30-3 (Shin 5, 2019)1}, 20| EEAH A+ AF[Z o
2 AAI5}= Pseudomonas sp. BC42 (Kim 5, 2022a) (Table 1)
£ IFA23}, C orbiculare, A. citrulli, F. oxysporum f. sp. cu-
cumerinum®l| &3t & JAet= AT HAS 24
A& 3] 224t} (Famhannong, Seoul, Korea) A5 |
& A} (Baroker, Seoul Bio, Korea)o]] Ih£6}o] A2-51G 1 24 &
255 Clofl A Aufistitt. 20] R4 2o] T of gt
Induced systemic resistance?] 71543 21517 $1314, 7]
Ak m|AE-L2 tryptic soy brothof| A 28°C, 160 rpmo]| A 48A4]
2t &< wi =L, 6,000 rpm, 20 5t HAEE 5 cell
pelletZ =253tk o] 3 H4t3t 10 mM MgSO, -8 2 2 7
543332, cell pellets ODg=02 T2 501 Al e}
= THISISAH 1990] A7) ARkt 20] 1ol At EEFY 10
ml& 5551917, negative control2 532 10 mM MgSO, 898,
positive controlZ 1 mM 2,1,3-benzothiadiazole S AH8-515ch
279 35 C orbiculare] B-AYZAE 1.0 10° conidia/m| S =2
ZI3=31 Tween 20 001% S 7}ske] 20] 199of &5 HE3H3
o} YA AE & dew chamberol| A A& E 100%, 28°C &
EAACR AT BA ST T LR 77U F U4
S AXBHIh 1 23, K10 7E BFSGE 1] 20] B
B Huko] Wbl o)A 82 50.9%, HS1 F3= 46.9%, H30-3=
30.6%, BC42 #F = 30.6%= X3 BE HFof|A SE=*|8}
gofl oJsfl ®ut =7+ A E ATkFig. 1).

B A. citrulli (KACC no. 17001)= 2959 7ts+Y 594
AR LA o A EFkeron, HE W& Adhikari 5(2017)
O] WS A-&shirh W2 28°CollA] 160 rpm = 48
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Fig. 1. The number of lesions of anthracnose seven days after bac-
terial drench treatment. The error bar means standard error and
the small letter on each bar indicates statistical difference by Tukey
honestly significant difference at P<0.05.

80
e
S
e 60 -
=
2 a ab a
2 i
g4 a-c
% be
c
2 20
a
0 p
» Qe \} N D 9
R g S o oA
Co‘;,m\a\“c * ® LS

Fig. 2. Disease incidence (%) caused by Acidovorax citrulli on cu-
cumber seedling drenched with the bacterial suspension. The error
bar means standard error and the small letter on each bar indicates
statistical difference by least significant difference at P<0.05.
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Fig. 3. Disease severity by Fusarium wilt on cucumber seedling
drenched with the bacterial suspension. The error bar means stan-
dard error and the small letter on each bar indicates statistical dif-
ference by least significant difference at P<0.05.

Al R F = 42.2%, AAFA] AR TE= 36.7%, KJ40 17.8%,
HS1+= 26.7%, H30-3-2 38.9%, BC42= 22.2%7} o] 2513
O, KJA0} BCA2 #-F2] A9 =T tfju] 2+ 57.9%, 47.3%
7h g0l AR5t lrt(Fig. 2).

7148t 2o] FE2AWS JA anE AAs] 9
5o, Y+ FE YL Ndayihanzamaso 5(2022)2] HHo|
utet Zulshgich BT HE LS W57 9180 250 91 /1%
(Panicum miliaceum L.)& 121°Col| A 2087 31& 78S &+
1 %= ¥ 19 HFsteih £u)E FEH)x]9) potato dextrose
agar (PDA)OA] 5¢ 52t viFet MY+t agar plugE HF
sho 28°C HiF7] ol A 14U viFstlT) 357 AR &
o] FEE 14 cm EgtAE ZEO| Yy HI UL E3H0.1
kg/50 3F ol o]4]7F &, OD4=0.2 T2 Alat &Y
S 30 mI® B33}t biZF(negative control)2 10 mM
MgSO,, F. oxysporum f. sp. chrysanthemiZ HA|517] 913+ A
F-ol| A A28} etridiazole-thiophanate-methyl A 52| =314
£ 1,0008] 3]A5}e] A+tA| == AHESHTHBowers 2}
Locke, 2000). % 253+ & disease severity (0-4)5 B7}5F3th
1 A7} BCA2 #FE A 3¢ disease severity7} 2
ojulatod §olaiAl ZHaskaithFig. 3)

H L2 23 KJ40, HS1, H30-3, BCA2= Qo]of =] 2)3t
A% BT SEATA] O3] 20| BAES A2, KI40
9} BC42+= A. citrulliol] 23t ¥ HAYS 2= tijv] JA|5HS
o} 3t BC42= 20] =Rl tist disease severityS &
F9th K0S ABo] Az NS UL A9 A=e] 244
B mAsl] Aohe AEdARRE 48 BEHHE RO
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2 g8A =tlKim 5, 2022b), A=) Az H3E E0|
a3} Qo] FEARIS B8l 2o] B TS AR
o, BA|TY ol 3hel A citrullioll 213+ T3S A
= AT Qla= RISt BCA2= 2o]of WSt 29|
A, Qo] Y22, vt AN S s AA adtE
7= AL 2 SIS B2 FH S TR d 7=
BC429] && 5 PDAY] E35t3l= o) HAHYA-2 65%, 22t
P2 85%, H27| FAHEL 77%E FAA7IH, A=A Aol
AZFS 1 Q0] BAHS LA = AL R HIES=
(Kim &, 2022a), BCA2E AJHF-0. 2 EQfFof L33 Ao E
ool AAl5k= W F 312l F oxysproum f. sp. cucumerinum
of o3t o] FERAHE Ao 2 AAlst=AS L+ U
Atk whEbA, KJ40 = BCA29] &J3h 18 A A dt= 384
of o3t 2H-g-ut opfzl, BoF ) 2L W] FE BA
EG e A22Hg 5 ohget 7 Aol ozt Ak 4=
o, ofof gt A4t= 55 13 A Aolck

252 Al 717E Fofl AlEHHAAER AEg A o3t 1]
5 2T w7) o, ohFeh S A= 2t 9len
AESAFEZ, A2Y GFAA| ozt AEY A $3t FY &
& A 7= =S AEste] A8-8h= Ao] 3teheet
O] AHE-S AN AL A&7 Tl 7199 o= 3l Ao]
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A B R AEYAE APl AR By
Al 45:(HS1, H30-3, KJ40 £} BC42)0| Colletotrichum orbiculare
of| &J3t Qo] EbAY, Acidovorax citrulliof 2J3F I}AH-2H, Fu-
sarium oxysporum®] &gt Qo] gZ &7 thgh ¥ oA &t
7} Q=2 ARSI HS1, H30-3, KJ40 2} BC42E B9 5=
A2 & 7 =AYl sl 2o] BhAH o] haxstglaL, K40
9} BC42+= A. citrulli®) 22, B(42= 20| =R H-ES A5}
STk whebA, KJ40-& A xulsl) A7HERt ofyet = A3 9f
3k @o] &A1 A W A citrullio]] 23 LAY A TS 7HA]
™, BC42+= 20] BEAY, A, ditrulli€} F. oxysporum©]] 2 25 &
Algh= Ao = Hop g2 Hejo] A8 HAAE 2= A= HA
A Ao 2 &85 4= 91 Aol
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