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Combined Application of Bacillus sp. JJ2-01 and Garlic Oil for
Controlling Sclerotium rolfsii in Pepper Plants

Moon, Hye Jeong - Ju, Ho-Jong - Ahn, Seong-Ho -
Song, Jaekyeong - Sang, Mee Kyung

Southern blight caused by Sclerotium rolfsii is a serious soilborne disease in
economically important crops including pepper. In this study, we conducted a
selection of antagonistic bacterial strains and organic materials to biologically
control the disease. Out of 39 strains isolated from soils at Jinju in Korea, strain
JJ2-01 showed the highest mycelial growth inhibition; garlic oil among various
organic materials significantly reduced disease incidence and severity. When a
combination of strain JJ2-01 and garlic oil, or each was drenched into the pepper
plants, combined treatment and garlic oil significantly suppressed the disease
development, however, acid phosphatase activity in garlic oil-treated plants decreased.
In the case of combined treatment, the soil activities did not affect by treatment,
while soil urease activity was significantly increased by the combined treatment.
Therefore, given soil quality and health for sustainable agriculture, the combination
of strain JJ2-01 and garlic acid was an effective application for environmental-
friendly control of Southern blight in pepper plants.

Key words : biocontrol, garlic oil, organic material, Sclerotium rolfsii, soil
microbial activity
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AV 2 Sclerotium rolfsiioll &3l LAYt EYHAAL AEHOZ, A MA de
X FE a2 tEd 29 A YolA wo] WA Agrios, 2005). S. rolfsiie L5,
ENE, F 5 5005 o9 B 71 WS A=, eyt Fa AAA s
EQ AFoAE B B 2] AAFe E7|7F EMoR Wty F3NoRE EEA

, WEEo] SA o] FAAZE SEA Y Aeb, HRko] Sl wel ZFAES] AAF
& FHoE Fro] FALA| S} QFAA o] T Falo] PAETHKwon and Park, 2004).
T2 oz YFshy] wiEed #dE EdolA &t A A= o #-9-H(Mullen,

o =

o LAl
2001), U O R Qg Mal7k 2 v 77 5 ofe] Fvhe] Ar) % o) Aol A
© EG W BT 2 9] % o nigtrAd Aedd Sy 2e o83t
o 8 V& AU, $71E e HYE A, §488 st U 52 AHS AT Xie
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] = 3FcH(Punja, 1985; Xie and Vallad, 2010). 3+, 2HE-of 1t

P o g WA a3t & 55F A7) HIHEHA AREE o] gto 38t F

Hdde 2@ od8o=E 3 FAHd, s3F 9 EY I/, AF 54 o)
ol thgk EAEe] =l At whebA], o] thgk tieto 2 S b8t a7z o
Be HAE] A, P E 2 flEs 28 AE =

ThErkol et al.,, 2011; Keswani et al., 2016; Park et al., 2021).

A& Yol Ui AE wA v YEEE XA F Bacillus, Trichoderma, Pseudomonas
4 5o 4#HA AJTHChet et al., 1990; Khan et al., 2017). Sharf 5(2021)2 B. megaterium
OSR39} B. megaterium ZMR6 w57} S. rolfsii®] A 7S A Wl ofue} Wo] &
A AEANAE 72E o9t 454 FFS FVMNATIL Bskl 2™, De Curtis
5(2010)2 Burkholderia cepacia$} Pseudomonas sp.& A-83l] ErtE fHAA IH|TH
HAo] A= S FstAh olH g AE A rAdE o= ofAld oY T 4
E FEES FUIEEAHAR 283t EEES WAt A st A7 T EH S
Radice 5(2022) Zingiber officinale Roscoe A1 2 Y| Fusarium oxysporum< XFH3gH
Fusarium spp.©l GA T3V} Y& R 8H 3, Tirkmene 5(2021)2 Origanum dubium)
N2 Uo| Sclerotinia sclerotiorums AA 3= Z& RISt A= FAA < B E
F7lEdAA = 127 Gl g Bilo] Fobldl et F7tolA E8N=7F FopA| 1L
Atk kAR F7lEdAA Y] AW A Zitol| thal WEe] Wzl AR A7) wfiol
S0 FrIEdANE AET A7l aRH o7 ARGSHA] Estal Ut
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¢ 370 Tt 9FS WUt BUITHS WA A DA AR FAAE A

g gl A

Mo

L EF e

EG vAES B8] 8 AdEs IFQ016)00A4 1, = 5 E(15~20 cm Zol)
S AFET AFHST EF 1 g& B 9 mlo] YL 25T oA 160 rpm o2 & =235}
o A Eo] EFoZRE RelH o il BREA Atk F45AL 10714 @A 3
A3k tryptic soy agar (TSA, Difco, franklin lakes,, USA)®ll 100 pl? =23kl 28T oA 2
et = eV g 9 FEYE & 88k 20% glycerolell o] -70C o] B
st Age o] &3ttt B vAE AdS 9130 paper disc diffusion methodE ©]-83}<]
B tig 23 58S F2eth 90 mme] TSA plate®] Sd el 5 mme] Ut agar
plugE HF3F3L, 8 mm paper disc (Advanted tec, Japan)oll 50 pl2] cell &EFH(ODgy = 0.2)=
HESA A=A F, plate 7PEAE ZHE 1 em bZol] 27d3ke] 28T ol Al g3kt
10 mM MgSO,5 tI&T2 ARESIR L, 49 &<+ vkt & HUe] A 4ol S Digimetic
caliper (Mitutoyo Co., Tokyo, Japan)Z =743} %t}

HAFS TH LAY F715dT E£4(35°49'33.43"N; 127°2'35.8"E)ol| A Bln| o]
el 3 250 AA|Fol A F3S AFHM FH A T AW wigstd & 85k
o H2$ WU ITS 1DNA F28 FH31 S rolfsii = &1eE & AH8-3}% ThMacrogen,
Seoul, Korea). & HAol AHET BT HFLL AR E o] &l & A& W=
of TS s A8t o, & wiX= Z2HEE 100 goll B 150 mlS Ea1 23]
31QF HW#3 %, potato dextrose agar (PDA, Difco, franklin lakes, USA)oll v kgt WU+
30C oA 5L wiste] HFAdo 2 ARSI

o
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34+ FZE(matrine 1%; sophora

aFste] 45 5ok 2AA Auig & ARgS R f71E
of IAE F71EsHdAA 5 Hal e8] AAY FAES
extracts), AAHE FE25, A FE2ELEST, 48 Z(calcium peroside; Ca02), BHAHZ
< (calcium carbonate; CaCO3), 2. 2% H(Bordeaux mixture), 2 3]-7-3-3HA (lime-sulfur mixture),
B E 733 Al (loess-sulfur mixture) 2 2 &4 2L vk Y (garlic oil)S Aol A3}
ek 2 FlEdAA L g FEE 10001(0.1%) 3]45ke] Eulstch FEuA of wj <k
g AHFLE 1FY AAFTERE 2 cm Holxl ARl 1 emé] ZolZ 4320 7S Uof
HE3HAR (1 grainhole), F71EFAA] S| HE A A2 SFATHI0 ml/pot). HF A 14
d F oHES AT AP 4 AT 155 23] Stk

ol

4. JJ2-01 #F 715444 £8 714 F7)
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2 tryptic soy broth (TSB, Difco, USA)ell A 28C, 160 rpm .2 3Y 7t vl &3} ATH
A4 =2(6000 rpm, 10 min)ste] #AE 53 3L, 0.85% NaCl&H o2 23] A4

AEste] ODgoo =022 3] A8 AHESIAT F7]5JAA Q] bt 20% &Y
TFEo] 31]f Wisle] AlESY o, s 2 U2 0.22 um syringe filter (TPP®), Switwer-
land)Z2 oI F}ste] FHH cell Aol 0.05~5%2] FEZ H7FsIR AL, 1A17E T TSA
(Difco, franklin lakes, USA)oll @A 314 3 100 pl¥ =23+ colony forming unit (CFU)E
ARtk A4S 4 wErit 3WHEOE 23] AAET

R
og

cell

o ot

5. 71 s At JJ2-01 #52] AT

Ao FrlEdAASt 27 nAEe] 5 A Al Anigy 3A 23 AA S Al
9 cm EEO] 45 5 XHHHE Ao HAEE AT F F71EAAAG00H 3]4)e} A7
P JJ2-01 (ODgyo=0.2) 3t §HS 10 m¥ #F AT §F 14 FUA TP EE Ak}
Aok AE2 7 AT 107044 23] BEESHT BlEshe-2= AR 2R A F7E AR}
Aot 2F mA=el 9 A &3 FrE s, 1F= FER AU 508 §2 E0
of BFsto] 47 T AN A F, HIEshe22 7 FTIH EE(256 x 234 x 297
mm; 1/2000 a)oll 8213t ch ojwf WAFLE FEe Eqsle] o|HEYFS THEo] AL
™, 4E 50 LF 0.5 kg FEu)A] Zé.%%% ol o IBEFS TS o EY o437
31F0f 1/10 TSB (control), THZ & 2K(fluxapyroxad), 718 GAFAN(5008] 3] 4Y), w] A -E(ODgg =
02), 471 GAA + B AES 400 m2 BAF X T 10Y S =S =AY 2
e 4 AT 9 W R £aetqit W EE Fery9} Dukes (2002)7F AR O 7%
< HIAA 0= T U5, 1 =AA R FAZE BolA] AL A S5, 2=AA Tl EA}
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6. B 5L B4 34

EY feEokAl @42 Kandeler®} Gerber (1988)2] WH S AFE3IH oM, 1 go EFS
0.5 ml2] 0.72 M urea solution¥} 4 ml2] borate buffer (pH 10.0)= 23 37°C, 160 rpmol A 2
A7 o vlFE & 10 ml9) 1 N KCI (0.01 N HCIol &38l)S £33t ol A4 o=
A No2Z 373k 842 1 mle] Na salicylate solution® 0.4 ml2] 0.1% Na dichlorisocya-
nurateE B O1E F 25T oA 30% Bt MY F 690 nmolA FRE=E S5 FH
otAl& NH CIE A ZFatth EF A4F 7183 &4 &4 2 Tabatabai®t Bremner (1969)°]
S ARESIN o™, 1 g9 EYES 4 mle] modified universal buffer (pH 6.5)9F 1 ml2]
p-nitrophenyl phosphate solution®} &3} ¥, 37°C, 160rpmoll A 60& &<t vl FE <, 1 ml<]
0.5 M calcium chloride®} 4 ml2] 0.5 M sodium hydroxideE 7}t o] & A 0431]-1]
No2Z EFENE ZejE H 400 nmoll A FFE=E SAHIAE ES A4 7188 54
p-nitrophenol 2 A F3tATH EYF FIAE @42 1 g9 EF] 4 ml] 60 mM sodium phos-
phate buffer (pH 7.6)2} fluorescein diacetate (FDA)E E33F $ 24C, 160rpmol A 60 <t
W 3R T FDAS] 7lE3= 2 m1-4 acetons 2ol HFEFE 50% (vV)E sk, A o
A No2® E3Hg9E 2o £ 490 nmoll A F3=E A AT 432 24 A3
37N AEAY 3 HEo g F3strt

Anig o] gk 2 nAYES F4387] fleiA Zateol 785FS}F 907RS o] -85t 16S
RNA $AAS =Z30 235} th(Macrogen, Korea). 16S rRNA 714 <&

2 EzBioCloud Ho|EH|o]2& AME-3t] type straing¥} V]1l3}3l, Molecular Evolutionary
Genetics Analysis (MEGA 6, Megasoftware) ZZ13-& o] &3l AFFE ZAd3 AT

l
uled
N
>
12
tlo
r-{m
1 A

5 R-studio =13 (version 4.0.5, Rstudio Inc., USA)E ©| &3l £4L&
HEE-S F315te] EAHEX(analysis of variance; ANOVA)S 53 H3t Fo4 AAS A

ABtR o™, AL Aoz HAFAF H A (least significant difference; LSD, p < 0.05)7

oX
filo
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S THTable 1). A A Aol tZ77) 31.65+0.67 mm¥ Uq] JJ2-01 ¥+ 823
0.62 mmE E2 2% a7t vebgth g 112-01 #FE 16S tRNA 971449 £4131]
EZBioCloud®| Al Mgy A3} Bacillus siamensis KCTC 13613(T)2} completeness 100%1 A1
99.73%2] -AMd ol AR, Bacillus velezensis CR-502(T)2}+= completeness 95.4% 1 A]
99.86%2] FAHIS HATE wWekA 112-01 TF Bacillus %9l &3 2102 SHHA
(data not shown). ©]2} FAFSH AF}Z Chen 5 (2020)9 4= B. velezensis LHSB1 #5771 S.
rolfsiiol 3l 93.8%2] & FAMNAE AAES KU O™, B subtilis BMB26 (Darma et al.,
2016), B. pumilus LX11 (Xu et al., 2020) 5 A& FF7} S rolfsii®] TAHYES A 3= A
o] HIEAH.

H_

Table 1. Mycelial growth of Sclerotium rolfsii in paper disc diffusion assay

Strain Mycelial growth? (mm) Strain Mycelial growth (mm)
Control 31.65 + 0.67 cd-"

JI1-01 2921 £ 049 e JI1-16 16.14 + 0.09 op
JI1-02 2533 £ 021 h 1-17 16.13 £+ 0.28 op
JJ1-03 17.69 + 0.2 mn JI1-18 26.14 £ 0.11 gh
JI1-04 16.87 + 0.19 no J12-01 823 + 0.62 t
JI1-05 13.11 + 0.29 pq J12-02 10.54 + 0.46 s
J11-06 15.64 = 0.28 pq 112-03 23.23 £ 0.27 i
J11-07 20.46 + 0.38 1 112-04 214 + 044 kl
JJ1-08 20.53 +£ 0.26 1 112-05 31.22 + 0.62 b-d
JI1-09 21.86 + 0.36 jk J12-06 30.68 + 0.67 d
JI1-10 31.22 + 0.62 b-d 112-07 12.84 £ 021 r
JI1-11 17.67 = 0.19 mn J12-08 32.37 + 0.49 ab
JI1-12 9.01 + 047 t 112-09 2548 + 0.2 h
JI1-13 30.99 + 0.52 cd J12-10 2798 + 0.15 f
J1-14 31.53 £ 0.2 b-d J12-11 20.7 £ 0.21 kI
JJ1-15 27.01 £ 0.19 fg J12-12 23.01 £ 0.22 ij
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Strain Myecelial growth® (mm) Strain Mycelial growth (mm)
112-13 31.82 £ 043 ad 1J4-05 32.09 = 0.41 a-c
JJ4-01 1487 + 0.13 q 1J4-06 16.08 + 0.27 op
J14-02 28.06 + 0.16 ef 114-07 9.08 + 0.38 t
114-03 18.58 + 0.07 m 114-08 1122 + 042 s
114-04 32.82 £ 047 a

* Mycelial growth was measured at four days after treatment.
® Mean + standard error. Different letters indicate significant difference based on LSD (p < 0.05).
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Fig. 1. Selection of organic materials based on disease incidence caused by Sclerotium

rolfsii in pepper plants. The pepper plants were treated with organic materials and
1/10-diluted tryptic soy broth as a control.
Treatments; SE=sophora extracts, COY=cooking oil and egg yolk mixture, NE =
neem extracts, BM=Bordeaux mixture, GO=garlic oil, LiS=Ilime-sulphur mixture,
LoS = loess-sulfur mixture, CP=calcium peroxide and CC=calcium carbonate.
Different letters on the bar indicate significant difference based on LSD (p<
0.05); error bars indicate standard errors.
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spp., Phytophthora nicotianae 5°l &X1F&4S Uehl= Zlo] BALE LS ™(Seo et al., 2006;
Kutawa et al., 2018; Wang et al., 2019; Yeon et al., 2020), "}=2] FAEQ] LA FEELS

& ¥ (Magnaporthe oryzae), =¥ (Hyaloperonospora parasitica), XA+ S (P. infestans)

o= &+ A YeERN A tHPortz et al., 2008). Aol AH&H F75AdAA F 247
d FE2EL 7|20l o8] 5 WAl E3K(Saleem et al., 2019; Han et al., 2020; Wu et al.,
[e)

20217 A= AeE dEAHARE gl A= 50% PINke] WA EAE Bt

off

3. AW 715 AL JI2-01 Rl Aol 2 4 B

rlr
o

A vl A E J12-013 F715QAAE S5 AEsR S o vAES] A 9gFS F=
A glstuA nAE wgFdo| FrlEHAAE 0.01~5%2] == —8}04 Egsle] A v
AE J12-01 759 MATTFSE ZABFETHTable 2). Pt QY3 a8 A glshA] &

o]

S XMk ) AYE FEH(ODy =0.2)S THA3 A3 A3} A FF= 8.0 CFU/mLO]‘}iE]-.
AL E2TE 5t BlastAS wl, §AHEEEe 571 0.5% oY o AT TE 742~
7.68 CFUmMLE 743k, 1% ©l38te] X0l WA+ 8.47~9.04 CFUmMLE 57}t
Ak 28 5%9] ke 29S At AHuFdAe mAdEo] AAEA Funh o AF
o] Ao} FAEE AFE Hol:= Dudan 5(2006)0] WEH, oAl 0YdOo T F AR
Al MEZ 248 JEHIL Al APES s, Al E45 do7)1A FEF 0.01%2 7‘4
e v REHOE JFFFAHL ety Rt o= Ao ALg" viE oY
S AR AREstolor S nAEe Y¢S T Za, AngHe Ut 4SS
Uebd Zo g oatdrt

Table 2. Population of bacterial strain J2-01 amended with various concentrations of
calcium carbonate or garlic oil

Treatments Concentration Population Treatments Concentration Population
(%) (log CFU/mL) (%) (log CFU/mL)
Garlic oil 0 8.00 ¢ Calcium carbonate 0 8.00 ¢
0.01 9.04 a 0.01 8.61 a
0.05 9.06 a 0.05 830 b
0.1 9.04 a 0.1 828 b
0.5 8.96 a 0.5 7.68 d
1 847 b 1 7.51 d
5 Not detected 5 7.42 d

Note: Different letters indicate significant difference based on LSD (p <0.05).
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Fig. 2. Combination test of the selected organic materials, garlic oils (GO) and calcium
carbonate (CC), and antagonistic bacterial strain JJ2-01 for suppression of Southern
blight caused by Sclerotium rolfsii in pot assay. The plant were treated with garlic
oil, calcium carbonate, culture broth of J2-01 (ODsyp=0.2), 1-/10 TSB as a control
and fluxapyroxad as a fungicide. Different letters on the bar indicate significant
difference based on LSD (p<0.05); error bars indicate standard errors.
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—o— Control
5 { —O— Fungicide
—v— JJ2-01
—&— Garlic oil a
1 —=— carlic oil + JJ2-01

Disease severity ( 0~5)

Day after transplanting

Fig. 3. Disease severity caused by Sclerotium rolfsii in pepper plants under a plastic
house condition. The plant were treated with garlic oil, culture broth of 1J2-01
(ODep=0.2), 1-/10 TSB as a control and fluxapyroxad as a fungicide. The disease
severity was evaluated during 10 days after treatment. Different letters on the
symbol indicate significant difference at each time based on LSD (p<0.05); error
bars indicate standard errors.

gk A &37F S Lin 5202008 Aol At H 71 EANS sk
Alternaria brassicicola® 21+ ¥l S, Xanthomonas campestris pv. campestris®| 2|+ 7

SS9, Pectobacterium carotovorum subsp. carotovorum®l 2|gr F-E1 2] WA|&o] Gxo

2 AT AY3e Rg 7148k
5. E% 54 34

A1 EQAA s 2d3 A nYE JR-01 +F7F BEY S48 nA s 9
437 f8te] EY A AdAdS wrgs X]E(Adetunji et al, 2017)ZX urease, acid
phosphatase, FDAse2] B §4 A4S =434 FDAse: EHZE:rLQ} o3t zolE B
o]Z] ¢k9kt}. Acid phosphatase?] &2 =79} HluS o nfsod = AHETFollA
FA% A5 YO, urease B 2T ¥ o vk 2LH 1201 ¥+ &
g Aol A F71ek A tHFig. 4). EFol Al acid phosphatase= 2] &°] f7] 21 7}=E3)
'5}7] Qs oA PO R BHsIY, yreases= A=l ek A FF - a3 o

HS &= Aoz LA ArhAdetunji et al., 2017; Ma et al.,, 2021). Kuma 5(2021)°] w2



Bacillus sp. J12-013%} vls 2 EFA g o 153 Aujdy A a7 419

™ Bacillus pumilus strain JPVS11= A& 3 o, ZH Al acid phosphatase 2} urease®] 273
o] Zrkstgom A=e| AT HAFU wtebA, ol d ARE FH3Y, AL
AAEH7] sl vheE LYS 522 AMESIAL 102-01 F59F 3t A8k A
o] EIIL AAY, Ede| A ARHL MR A Ede] BAL e, niE oY
GEHT= J12-01 759 st A83he Aol SAEsIAQI A o R AbE
US Aol
50 250 1.2
a a a
T a2 ™ J
40 1 I ‘E 200 - a L . a
ab ab ‘3 L l l
z T T z 2 08 A a
% 307 5 150 X % .
N
; | ; 0.6 -
S 20 - Z 100 - <
= c ] a
=} £ = 0.4
=
107 < 0.2
0 T T T 0 T T T T 0.0 T T
> . O D> > . O D > . D D
WO DA DS °6° Ko TaS 8% G (TN
CQ‘;QQ@ Ss G‘b‘:.:\x Ss CQQ\)Q‘% 35 G‘b‘:;xss COQ \)Q% }5 G‘b‘\.\ Xss
Q
3 W 3
G&\\ 6‘)‘\\ G‘b‘\\
Treatments Treatmets Treatments

Fig. 4. Soil enzyme activities in pepper plants under a plastic house condition. The pepper
plants were treated with garlic oil, culture broth of 1J2-01 (ODgen=0.2), 1/10-
diluted tryptic soy broth as a control and fluxapyroxad as a fungicide. Different
letters on the bar indicate significant difference based on LSD (p<0.05); error
pbars indicate standard errors.
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