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ABSTRACT : Sclerotinia sclerotiorum, a plant pathogenic fungus, can cause serious yield and quality losses in the winter lettuce
field. For biological control of S. sclerotiorum, soil-born microorganisms that inhibit the mycelia growth of S. sclerotiorum and
Fusarium oxysporum were isolated from diseased soil. Among the isolates, bacterial isolate, GG95, which was identified as Bacillus
subtilis according to the morphological, physiological characteristics and by 16S rRNA similarity, showed the highest level of inhi-
bitory activity. The growth conditions for B. subtilis GG95 were optimized in TSB media (pH 7) by culturing at 28°C for 24 hrs.
Maltose or fructose and peptone were selected as the best carbon and nitrogen sources, respectively. Greenhouse experiment
was performed to test effectiveness of B. subtilis GG95 in the control sclerotinia rot. Drench application (1x10° cfu/ml, 3 times) of
the bacterial culture broth to lettuce showed an effectiveness value of 88%, suggesting that B. subtilis GG95 would be a promising

biocontrol agent for control of sclerotinia rot.

KEYWORDS : Bacillus subtilis, Biological control, Fusarium wilt, Lettuce, Sclerotinia rot

M E

AZo] WAYSHE e oF 28%0] el Barslo] Qo

o
W (1], 2L 3 Sclerotinia sclerotiorum®l] 2|3+ T3 (sclero-
tinia rot) CPHAITFOE 643} 2255 383%9] 21E-3 33
SHaL[2], 53] ALE AL tsash 7golA] Aol AlshH

Kor. J. Mycol. 2014 September, 42(3): 225-230
http://dx.doi.org/10.4489/KIM.2014.42.3.225
pISSN 0253-651X e eISSN 2383-5249

© The Korean Society of Mycology

*Corresponding author
E-mail: fungus72@gg.go.kr

Received July 31, 2014
Revised August 22, 2014
Accepted August 31, 2014

©This is an Open Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http:/
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

225

715 HL17E vl wlol A5 ek ohe} Aol BE A4zt
ol WP A7 Sslzt Azeiet(3-5). ol21g 73
Y 5o EFPEE WA flsll Aw7HAl s7kelMe
Z2uh, W=’ 5] T stekeeks darsial glovt
I &3 34 &4, 5l tigk 5499 FRsekl o

gt 32 5o sshA WAl EAIE sl dsh] flg
Aol "8 a7 o}, 1 s ad o=z 318 &
= F7IEAAE o83k A= WA A== Q)
4, 6-8]. 3] AEH WAIE A3IA 2]=roll A= Conio-
thytium minitans [9), Trichoderma viride [10] & 2T
ol &gt w3 A7 Bare v} lon, fejutilAE
ohst At o83 =2 WAlol g A&7} o]F
oA ATH11, 12].

£ ATe 45 A ApAA g FeElE A e
A W3Rl T A1 S2H (fusarium wilt)S o2
1878 & {71 s7elA Foks thA AR < U=
HAE WAAE 7det] sk, Al 3o 23
EgollA vAES w4,

1
A YRS A, T A

ok M



7= W 8 Al AA AR RR) 1, 8121, oK 5
S FAo7 20099 197 E T NS IYLS
By 5

“
AT, AL HolE Fago] WAR A5E A3,
o= A5 A Hole 5o HelE AFst
OE]%%Z‘JJ. BE"E‘I_‘:I_L/\]-‘;% 'HQEHE1 _,—‘ng %%’E‘E]B‘]'
QAar, AESHTS 7w Byl ARS Rl 1%

sodium hypochloride, 70% EtOHoﬂ oF 1487F THANT &
2 A3l potato dextrose agar(PDA, BD Co.,
Sparks, MD) HZHl| ] 9ol Fi1 25°C, 4= 3follA] 2
AT st HeA elAM Z}‘ﬂ'— TAFEHS PDA
Bl 2~33] WHE- o]2fsle] TS 5 EElEk

e B M 10 A4 o] e
Aol olg3lsict.
dgolug 2ol o e

Z7VE o) F AN TR 29 =4S )
Fst 10g8] EYS At 90 mLY} 8L, 1 mLe
ANFH3tA 9 mL Earoll A= 848 $ nutrient agar
(NA, BD co.)BliX]|ol] 100 pL2 Heks]AtH o 2 25°Col|A] 3
& o widsialnt. ol A tdd F=YN 22
SF 22005 U R, 3 & Bals) B S A5 o
NIt S. sclerotiorum®} A S 87T Fusarium oxysporum

of tiate] 7 o’ 25°Coll ] WAl & FAH= B
o] M AAE AL 230l w2 HFE
AAdsiaint.

ZEnjd=E 33

5] T AlESd el B 23Es 7R
HAE Y AEetE B4 AlidtE87] Vitek 2 com-
pact(BioMrieux, Inc., Hazelwood, MO)2] BCL7}=E ©|-&-
3lod FAVEFAL, 165 rRNA G714 B4 53l NCBI
blast FM O 2 F34 THL siglon, FHiE gl
&) FARAFAW] 7 (HITACHI $-3000)2-2 #2313tk

ZEn|dE 2Mulek =2
ke A el igh A vk 1S s
=S 5°C THE 0 F 10~35°C AFe]ol|A] 180 rpm 24A17F
Hj Gk - g3 Aol 4 OD 600 nmolA ks S48,
pH—‘: pH 3~8 Ale|ollA] pH 1 ZFA SR ZARSIGATE. 245
FAS Adstr] $18 #H4)A] (K,HPO, 0.7%, KH,PO,
0. 2%, glucose 0.5%, (NH,),SO, 0.1%, MgSO,7H,0 0.01%)°]]
eAdS AAst7] 91380 glucoseE A|2ISFAL sucrose 5 ZF
Zro] 'S AAENd 1% F=2 H7I8F] 25°C, 180

rpm O E 2447 v F WA= ]
ol th=] wjFete] S SASIAT A4S
iHHx] oA (NH,),SO, 0.1% W4l peptone 5 ZAYS
0.5%% H7tate] Y=} St e S AT 771
AFe= FHAuA A F719572] KHPO, 0.7%, KH,PO,

0.2%, MgSO,7H,0 0.01% 4l MgClLs 27+ F718F
= mM”‘] A7Yste] A A& w Y} gtEAdS vl

180 rpm S TSBH|X|o|A] 2
GAE 1x10° cfu/mL FEZ 47] 10 mLA) éz?ﬁ 7]'73
o= 33] B 2§ AT dRolA E2e
@& 15°C PDA HIAolA 25 o) W 3te] B3 ﬁ“f—‘]
=T I N el FEe] B é?— o 5cm Zlo]&
F3)5, 15 5 wEe) SRS 2AUA 6
% o) wlE ZAISI,

N

=YL T

M2t

=]

2
1113
%
=z

OOE
N
i
éx

ol 22
A A AR el A s = EoEe] b
ZARSH A} v 10€5E] WA 7] AlEsted]
l 597kA] Al W ‘D‘“JM HEEN oM 1297 o]H
57 ol AMe 40%7HA] ¥o] WAste] D)s)i7} 41215
= AT 3, A AlESHEe A%t Auigt Al
*Oﬂ/ﬂ“ 3¢5 H“&‘Qﬂ AlZFste] 997kA] 3]
3tAoH, 7o H2 o5Hd Hd 95%71A] LAYst
S E FATH(Table 1). T3] BAS A5 2
Fao] Z|ARe} Slol| =317 WiRke] FAdw|o] Y
S ﬁ“i W3}, FErt oA A W9
] , DA AP QoA 2EA XA
SIEAH rt27|% s, AL} 3
Qﬁ’qlﬂ- o]= Baek 5[13]¢] Harsk 4=
HhS VR AL, 314 R qko] ALY 2f
& $ A3 5 w80 YAETE A4 T =
A= AT, Fusariumtol] o8 AlEaHES 7 5
[14]0] Ba1gk nfe} o] Afo] Ax3lar 7] AA|7F ¢
tgo] g3lee S48 Bolr &7] 7|17 A
FHH =T 9o AEE F4S HAg B A
Hol| ARE-E T2 ZARAGoA 919} -2 HAS
ol= AEA A FjE TP TH AESHTS 083}

"

i
ol

P

£ 10 O oF
N
-ol,

00_}1_,
ﬂ

-Lﬂmm ol |

o> FW‘

-
>

A

pRE=
i
:.:'

;t

N
=~
S
=
QL
ki o
ﬂO Ij>~
[o

oE: ot

{

o
o _II,?:
o Lo

o Sl

[N
= O

oi

1=

O

ﬂ

_EL

ol
o r
>

Yshn|yE 22| ¥ My
o T Al ol sl A AuiA] B
oA Bl 220 FE %9& PDA Bl X|ol|A] 157



2L Bacillus subtilis GG955 ©-8-3F 45 Ty o] MESHH WAl 227

Table 1. Occurrence of sclerotinia rot and fusarium wilt in
lettuce greenhouse at Gyeonggi area

Disease occurrence (%)

Geographic
Year ~ Month Sclerotinia Fusarium ofigii
sclerotiorum  oxysporum
October 0.1 0 Yicheon
2009
December 2~40 0 Yicheon
p k
January 15/ 26 0 yengtack /
Youngin
February 1.0~5.0 0 Youngin
March 38 25 amyangiu-
Goyang
2010
May 0.5 24~84 Youngin
June 0 0.5~73 Namyangju
July 0 5~95 Namyangju
Youngin /
September 0 5~30/ 1~65 Yicheon

Table 2. In vitro antifungal activity of microbial isolates from
lettuce field soils

Mycelia growth Inhibitory activity (mm)*

Isolates

S. sclerotiorum E oxysporum
GG-B7 ++ +++
GG95 +++ +++
GG110 ++ +++
GG214 +++ ++
GG251 +++ ++

‘+++: Inhibition region above 12 mm, ++: 7~12mm, +: below
7 mm. Inhibition region was measured 7 days after dual culture at
25°C.
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Fig. 1. Scanning electron microscope image of B. subtilis GG
95 (A) and inhibitory effects of B. subtilis GG95 against Sclero-
tinia sclerotiorum (left) and Fusarium oxysporum (right) (B).

Table 3. Effect of carbon sources on the cell growth and the
inhibitory activity of B. subtilis GG95

Fungal growth Inhibition zone

Carbon Cell growth (mm)’
source (OD600)
S. sclerotiorum  E oxysporum

Arabinose 0.15 6.5 B
Fructose 0.22 8.5 3.0
Glucose 0.17 6.5 7.0
Glycerol 0.06 5.5 5.5
Lactose 0.03 5.0 2.0
Maltose 0.18 3.0 9.0
Mannitol 0.06 7.0 5.0
Starch 0.84 5.0 4.0
Sobitol 0.05 4.5 1.0
Sucrose 0.06 5.5 3.0

‘Measured on minimal medium after incubated 25°C for 7 days.
"no inhibition.
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Fig. 2. Effects of temperature (A) and pH (B) on the growth
of B. subtilis GG95.

Table 4. Effect of nitrogen sources on the cell growth and
the inhibitory activity of B. subtilis GG95

Fungal growth Inhibition zone

Nitrogen Cell growth

(mm)*
source (OD600)
S. sclerotiorum  E oxysporum
Ammonium
0.66 7.0 3.0

chloride
Beef extract 0.74 4.5 3.5
A .

rmoniumm 0.65 8.0 3.0
phosphate
Bacto peptone 0.92 13.0 6.5
A .

mmonium 0.66 6.0 45
sulfate
Bacto tryptone 1.25 6.5 7.5
Corn steep 0.77 3.5 -
Malt extract 0.02 7.0 1.0
Yeast extract 0.32 4.5 -

‘Measured on minimal medium after incubated 25°C for 7 days.
"no inhibition.
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Table 5. Effect of mineral sources on the cell growth and the
inhibitory activity of B. subtilis GG95

Fungal growth Inhibition zone

Mineral Cell growth

(mm)’
source (OD600)
S. sclerotiorum  E oxysporum

MgSO,7H,0 0.76 5.5 5.0
NH,Cl 0.40 4.0 3.0
NaCl 0.91 - -

K,HPO, 0.57 9.0 2.0
CadCl, 0.52 10.0 1.5
LiCl 0.93 - 3.0
KCl 0.96 4.0 1.0
MgCl, 1.06 35 3.0
ZnSo, 0.04 - 2.0
CaCoO, 2.24 4.0 2.0

‘Measured on minimal medium after incubated 25°C for 7 days.
"no inhibition.

Table 6. Disease control effect of B. subtilis GG95 on sclerotinia rot in the greenhouse

Occurrence rate of diseased plants(%) FEffectiveness
Treatment o
A B C mean (%)
GG95 0.0 29 3.0 2.0+ 1.70 88.0
Benomyl 3.0 2.9 4.0 34+0.61 80.0
Control 22.3 20.9 7.1 16.7 £ 8.40 -
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Fig. 3. Effect of B. subtilis GG95 on sclerotinia rot in the
greenhouse.
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