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Biological control of Gray Mold Rot of Perilla Caused by Botrytis cinerea
II. Formulation of Antagonistic Bacteria and Its Control Effect
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An antagonistic bacteria, Bacillus licheniformis N1 strain which effectively inhibited mycelial growth of gray
mold rot pathogen, Botrytis cinerea was isolated from the rhizosphere of perilla crop. Powder soy formulation by
B. licheniformis N1 strain as a biocontrol agent was developed for the first time and estimated its control effect
on perilla leaves in this study. First of all, for the mass production of antifungal metabolites of B. licheniformis N1
strain in flask liquid culture, the most effective carbon and nitrogen source were selected as glucose and tryp-
tone, respectively. For the formulation, vegetative biomass of B. licheniformis N1 strain from 5-day-old liquid
culture in nutrient broth added glucose and tryptone was mixed with soy flour, rice flour, glucose, FeSO, - 7H,0,
and MnCl, - 4H,0, and dried and pulverized. In plastic house test, powder soy formulation effectually controlled
gray mold rot as the control value of 93.1%, was more effective than chemical fungicide, benomyl showing the
control value of 86.1%. Thus, development of powder soy formulation of B. licheniformis N1 will aid large-scale
application of biological control in field trials.
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Lol, EntE, 7kX], B7], o), 29, su 35, A5 Y WA EY A Fo] AAARR Zhg A Ee) 1
T 2 FEE 7S BRt ol Z1EF A& zA} Ago 2 A= 9lon, UM E Bacillus subtilis
AME FAAHCZ wAE A BRE F&E 43 7 £ ol &8 B WY T Fo|e] nAEFE] o] B
ME 7HALe i ALFFog e J2 2 & FEJOo, nAEFFoZA FHo| IAIERA FT gl
H|7F 7 2 e E76= Ak 2Aste 2 93 © A o|th(Fravel 5, 1998; 5733, 1992).
E F7 ggo] Bad upyt YokE A, 1999, £, olol B A-olAE Botrytis cinerea®l 93+ S7] AW
1999; & &, 1998). weba] 2 WA o] A|F3] 84 THol e AETH UAE A8 2 o) g ¢4
Hu ded FHId Foke] AFHEA 2L SH0E EA ZA&do 2 FAH Bacillus licheniformis N1 4(Son 5,
7t A FAEEA F718d sk AFAMZE A B 2002) AAFES v]BEEGS BET o9 WA &
stE)3L glow, old) wha) $7 8kl v EF e I}5 Ttz gt
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S} Botrytis cinerea LVF12 T+ 1997343} 19983¢) #
AN A B w2 dets 44 3
7| A9Re 25 24E He EMETEH &5 B
3] Hede] 543 Hdd 3% AE B3 = A
YFgolHg o IHE dFoIthE &, 1998). =3 4
AF O 2 FAIS Bacillus licheniformis N1 ¥ ZAd
ARG e EAUT ZAESANA Relste] FA) HY
8] FAF A BAEA ol g7t hom &
& Aol % I 2 AgaRr) Hojd Ao
ggold #FoltkSon %, 2002).

A238Yd v gLy Y dINTS AA s}
o HAEFFS BE7] HsiMe 2¥EE AT 3
< ¥ 2498 st AgAES ] sl
of gttt WA FAIgt AA ol 93t ALFFolHFo]
A AR} o= @i FPo] ETHE =
AF8l7] €3] NB(Nutrient broth, Difco, USA) v X o] F
7+ 1.0%, FeSO,+7H,0 0.05%, MnCl, - 4H,0 0.005%=
Hrreta A7lel A da9E 72zt 1.0%4 H7hsto
B o ZAEE FEFL 30°ClA 160 rpm e
2597 Fehfefsi] AARelEsitt. o] 4l 022 um
milipore filter2 | 3}§ & 5.0 mm paper diskell 50 W&
Al th2 PDAUIA| o] MU paper diskE *]|F3HL
izl Fate] HAde] FAME A EHE AAUE &
AEta T FAT Fa¥e glucose, fructose, lactose,
maltose, galactose, starch, sorbitol, inositol, glycerol & 9
ZFolunt.

Aol v ALY ¥ FAIT AP
3 A Fgolde] A AAEFHI} o= FA4d
oA Fgo] E7+E ZAFEZ] K3 NBuiA] Al glucose
1.0%, FeSO,* TH,0 0.05%, MnCl,-4H,0 0.005%% #7}
StaL o7le] gAl AAaUe A7 05%% H7vete] 24
3 e 4TS HEBSIA 30°CAA 160 rpmoE 5
U7 ARGt ARt o] AL st
I, Rt BT dAME AARE 2218
=), e Ao gAY FPolA e FUdEA A
o, FAE 2 Y-8 (NH,),S0,, casamino acid, tryptone,
malt extract, yeast extract 5 5&°|At}.

ZARAFE] AABY. B licheniformis N1 #3¢] A
A Y3t NB vix|o] A3 Ao A Ao
gel= glucose 1.0%9} tryptone 0.5%(Table 1, 2)8 7t
3l N1 438 AE3te 71 2a&7]9A 30°C, 300 rpm
o2 3Y7F wiFslh w176 AR AN F7h
2, AN, FFAR, WME F oY TR/ 1EA
Mg F SAEA7 AW FILE 200g, 27 200 g,

Table 1. Effects of various carbon sources in the culture media on
the mycelial growth inhibition of Botrytis cinerea LVF12 by
antagonistic bacterium, Bacillus licheniformis N1 on the PDA at
25°C

Carbon sources (1.0%)*

Glucose 53
Fructose -
Lactose -
Maltose -
Galactose -
Starch 32
Sorbitol 2.3
Inositol 2.1
Glycerol -

Inhibition zone (mm)

“Each carbon source(1.0%) was added in NB media of 1 L with com
flour of 1.0%, FeSO, - 7TH,O 0f 0.05% and MnCl, - 4H,0 0f 0.005%.

Table 2. Effects of various nitrogen sources in the culture media
on the mycelial growth inhibition of Botrytis cinerea LVF12 by
antagonistic bacterium, Bacillus licheniformis N1 on the PDA at
25°C

Nitrogen sources (0.5%) Inhibition zone (mm)
(NH,),S0, -
Casamino acid -

Tryptone 45
Malt extract 2.3
Yeast extract 2.8

*Each nitrogen source(0.5%) was added in NB media of 1 L with glu-
cose of 1.0%, FeSQ, - 7TH,0 of 0.05% and MnCl, - 4H,0 of 0.005%.

glucose 4.0 g, FeSO,-7H,0 0.1 g ¥ MnCl,-4H,0 0.02 ¢
< AHrbsle Z A8 o | §A AL 55°CeA
48N 7 Bt AxS T EERIEE Biiste FA 24E
Mg 313 A EF S SoyAAIZ THERIT

u A5} SoyAlAlel WAES AA. B. licheniformis
N1 #52] SoyAlAlel 21t E7 AZFo|He] WAlE
=2 Z2E FR-2UoM EE 7343519t NA(Nutrient
agar, Difco, USA) ®lx|ellA #lk3 N1gF& A
23 A8 (107 cells/ml), NBEj R oA 547 vl
3 N1739] vl (107 cells/ml), 53 B FFoH 9]
WA kA2 EE IAE WA ngEA, W 584
20008 3] AW CxokF A3, 2000) © N1ZFY SoyA
Al 5080 B (@4X10° cells/ml) S FFHEsS vlasdoh
o2& ztz} EEO A 10979 EAY FHAHA =
15| Axsty AXs (2 ol 10% ERLE F2AE
o . 7o EntEEAe] 107 conidia/m/E AT AUF
Fo] HYF LVFI2 F9 EYEA TS o 43
Hell F2F A¥3P e, JlEFEE 0%, 20+2°C
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o} she-2ufidl RASEA 7d F BYEE AL
A7tz BAsG e BAbe Bt el Adtskin
CEoFedds, 1997). =2 71 ARFTo ol o
g el Be R BlE BYFIT S AL
o (Son 5, 2002), SEEH swHEoF 33 HFRTH

O

A7) =
7 eE Ao WY -
AR EE s 2UA ] W E

Hg HEXF HHE X100
& !
AR A Bt ALY 9G¥ FID B

29 £ A4l F7HE NBujX o AdAd4 B
licheniformis N1 #5-% 597k X2 gs & 1 o7}
off A& paper diske} HAFS AW Fet] HAF
A A EFE ZAE A3 FAIE S Fol A
£ glucose’t 5.3 mme] AAUE Ho 718 2 E9HE
B2} fructose, lactose, maltose®} galactosedl| A=
3 AR A a7t fIATH(Table 1). 3AISE A4
ZoME tryptonedlA] 4.5mme] AXUE B 7pF &
Aol T3 yeast extract®} malt extract ©] o1}
(NH,),S0,%} casamino acidellA & A3 ZARIA A8
#7+ A H(Table 2).

wE5F SoyAlAle WAAS ZA. B licheniformis
N1 252 238 A7l 57} RN glucoses} tryptone
S 713k NBulR|o ohEFepgeta 2 vl gd g ©]8-3F

Table 3. Suppressive effects of formulation, bacterial suspension
of Bacillus licheniformis N1 and benomyl against gray mold rot
of perilla in a plastic house

Treatments Disease incidence (%) Control value (%)
B suspension® 24.3 70.4b¢
N suspension” 7.9 90.4a
Benomyl° 11.4 86.1a
Soy formulation® 5.7 93.1a
Control® 82.1 Oc

*Bacterial suspension(107 cells/m/) was adjusted with sterilized water
after 1 day incubation on NA media.

"Bacterial suspension(107 cells/m/) after 5 days incubation in NB
media.

“Chemical fungicide(WP}) was diluted 2000 times.

Bio-fungicide(WP) containing Bacillus licheniformis N1(4x10?
cells/m/).

Botrytis cinerea LVF12(10” conidia/m/) alone.

Means followed by the same letters are not significantly different by
DMRT at 0.05 level.

olARd - W@ - B

Fig. 1. Suppressive effects of Soy formulation of Bacillus licheni-
formis N1 against gray mold rot of perilla caused by Botrytis
cinerea LVF12. A, Soy formulation of B. licheniformis N1 plus B.
cinerea LVF12; B, B. cinerea LVF12 alone.

o e 313 v E5eF SoyAlAle) B Aol tigt
WA G35 EGLY seludA XE FAFsAH 2
A7 SoyAlAlY] MAZHE 93.1%24 FaAde idlevt
NBHjA] wiFe) X2 90.4%, Wl=Y 34 A2 86.1%
BT mgkon, NI#FT9 AdEfd AN E 704%
o] A7+ HATH(Table 3, Fig. 1).

n -3
Ao AYFe] TEHA FFIEL 4L 9
AME Bad, 909 L NFALEL HLT O)FL
ol Arel WABE VLS ah= Aol HAZE )
wol glojA] wj$- FaTHETHE, 1999). °IF 9)

&) B A7 e ZBATE Bacillus licheniformis N1
Fo] gFEd e 98l HH o] vy ZaYoR
2}7} glucose$} tryptones A3l 2 g2 AAFA
=8, ol Borrytis cinerea 2 8] WA= 3ol
L399 B. subtilis?] SHEZE Al glucose?} tryptone
< o &3t A Ayt XS THEAE, 1993). ©] T
(1998)& th v g #jx)S NB, Glucose M63, LB 52
2 FAISAL o710 Zh7 e AAYE Hrlete 4
o FaEF YN AEE 2ASIGE S, NBHIX) 7}
V4 Fa8idol i Basld B AToME o)
%802 NBHIAE o]&3ly ZAEH v|X= dLhgd}
AARe) FEge FAEIAT o) F i gE uixY F
FE gsiA FAsk gaEd ke S FFH=2A
& geiske A7t ASHoZ Sl B Aol

, B Aol A mAEATEA NS $15 AAE



7 AEgorde] e Al 187

AAAEAAFQ 75 A7tRg AZA R e
o 5(1992)2 Bacillussa9) AFAZ F7HE9F A
B8 AVE-39 3L, Trichoderma harzianumol = F-7+5-9
ARAES o] &3l o5 2 IAsS} FESH
=& Uehdoha Bt £(1993)2 B. subnlis®] Al
A Nellr TEAEDAS AZHRE U d85 =
d, 371% ol 2¢¥ @i uiAde AAY A= 4
Y B3Eo] 949 By ol e} BaEs} Ho| BF
7158 & BHsren, FA7HE Sol XFE OrsEL
Bals B3 438 o 27 SUtstd £77] ARl
WL 28 v, S iR AT EART 7
o] AL FHAA7L ¢FEAT 2 F o] 5(1998)
T GA R HAES Az Auste] 1 a3
3= SRk wehA] A g A AFE B
8 £ uf, & A7 AFAZ AMEE AATEAER
Q FhEet AR v g EaEAEA A
719 EFEA] ARG A Ao AlEHET

ojlol], TREAA T H7HE glucose= BUFET 4
ool Rz FE5H FEshs FYLLE AA
o] a7E FZAIIH, "FLA FeSO, - TH,0, MnCl, -
AH,0= A7 AR FE3te F79Y% g7 89
FAA qEg I ol A §(1993)9 WREFF 7N
B3t 2(1993)9] F38 AeEoF /i 282 ©] 5(1998)
of &g nAE AFA NE 5o A7 kAR
2 2957 A8SAAR AHSE Adet s

AA e WA EZ AN SoyA A HATHE 93.1%
2 oA ¢ Son F(2002)°) B33 B. licheniformis N1 &
F9) At N5 a3 ZAAAA 100%2] FA7HE vERd
Ao} v 2ol Holyd], o]& Son Tl o3t AF
2 AFAYA FE HAT o, & ¥ ST
g 2ol EE A% AA42 wigzdd 4% o
a9l zpol2 AJzhE).

T3 nAE Fofo] AEslEl AgslEr] AM=
WA Badel 9P AL o] F oA ok d o] df
9 %23 W4=g Aolt}. Vidhyasekaran 5(1995% Fusarium
udum® FAESH YAE A Pseudomonas fluorescens
o] AA g talc9}t peatE FH7Fste] LEAFU A A
Aol FAEEZE 3N OH, F oxysporuml A% FAE
21 WA E talc?} peatE AHE-EA P fluorescens®] A
A7y ARG EHHOIALES EHIIUT
(Vidhyasekaran, 1997). ¥ 71 SoyAlAle EZAE 7}
32 kg B7E AoA g ol R
A &2 MF4(CFUMmD7F A FA=ERD v}, o]
£ AA sl HAY F oS S JoE AR

S} A7 BES 98 HaA) Agd] Be AF Sol
25 wgsolol ¥ Aolth,

2 o

Botrytis cinerea®l 213+ 71 AL FFo|ye] HEEHH
WA S 98 AEE Bacillus lichenifomis N1 4-F2 A
A stete] n A EFES AF3 o9 A a4 HA
At N1ZF9 2834 v)X e 84937 2499 9
3o 283 A7 BLYOEE glucose, ALYOEE
tryptone®] 7F¢ ¥ &35 Bt ES N1 455 ©]
£ glucose®} tryptones 3 7HgH NBulX| ¢l o] Zhu) 3oL
I "jekde F18, #B7ME, glucose, FeSO, - 7TH,O0 ¥
MnCl, - 4H,0S #H7}ste] 3138 nAE5F SoyA A=
Az, o] HadFo) U WA EHE sl E
E AARS A A7) 93.1%EA FAe glot
= F3Alo] 93t 86.1%5 T =%TH

ZAtel Y

o] =EL& 19983 = Foldtn AR (gt
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