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Biological Control of Perilla Sclerotinia Rot Caused by Sclerotinia sclerotiorum Using Bacillus
megaterium N4. Byung-Ju Moon*, Hyun-Ju Kim, Ju-Hee Song, Kwang-Youll Lee, Joung Woo Baek and
Soon-Je Chung. Faculty of Natural Resources and Life Science, Dong-A University, Busan 604-714, Korea —
This study was investigated the occurrence of sclerotinia rot caused by Sclerotinia sclerotiorum at the
major perilla cultivating area, Gangdong-dong, Gangseo-gu, Busan in 1998. The incidence of this
disease ranged from 8.1 to 28.3% at Gangdong-dong area during the growing seasons. Symptoms of
the disease initially appeared damping-off of infected stems and soft-rot on the leaves of perilla.
Under the relatively high humidity, abundant white mycelia of the pathogen formed on the lesion
developed into black sclerotia later and the infected leaves were finally fell down. Sixteen isolates,
S1-516, isolated from diseased lesions showing typical symptoms, and pathogenicity was tested using
mycerlial disks. Among them, S2 isolate showing the most strong pathogenicity was selected and
identified as Sclerotinia sclerotiorum on the basis of morphological and cultural characteristics. For
biological control, an antagonistic bacteria, N4 isolate which effectively inhibited not only mycelial
growth of S2 isolate but also suppress sclerotinia rot on the pot assay, was selected and identified
as Bacillus megaterium according to Bergey's manual and API system., Wettable powder type, N4
formulation using B. megaterium N4 isolate was developed and estimated its control effect on perilla
crops in a plastic house. As a results, N4 formulation which applied before 3 days inoculation of
pathogen was effectually controlled Sclerotinia rot as the control value of 98.0%, was more effective
than chemical fungicide, benomyl showing the control value of 78.0%. This is the first report of
wettable powder formulation as a biocontrol agent using B. megaterium N4 against Sclerotinia rot

caused by S. sclerotiorum on perilla.
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Table 1. Disease incidence of Sclerotinia rot of perilla caused
by Sclerotinia sclerotiorum in two different plastic
house at Gangdong-dong, Gangseo-gu, Busan in 1998

Location Plactic house® Disease incidence (%)
283
158
203
128
10.3
8.1
148
114
101
12.3
9.1

139
Average 139

°230 plants in each section of plastic house were investigated.

Gangdong-dong (1)

Gangdong-dong (1)
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Fig. 1. Symptom of Sclerotinia rot of perilla caused by Sclerotinia sclerotiorum on the naturally infected leaves and stems of perilla
in the field (A). Symptom on the artificially inoculated leaves and stem of perilla by Sclerotinia sclerotiorum S2 (B).
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Disease incidence (%)

isolates

Fig. 2. Disease incidence of Sclerotinia rot on the leaves and
stems of perilla caused by S1~56 isolates of Sclerotinia
sclerotiorum after 7 days of incubation at 20+27T.
Means with the same letter are not significantly
different according to the Duncan’s multiple test
(P=0.05).

Table 2. Inhibitory effects of six antagonistic bacteria against
the mycelial growth of Sclerotinia sclerotiorum S2 on

PDA
Antagonistic bacteria Inhibition zone (mm)’
N1 22.0
N2 16.0
N3 21.0
N4 28.0
N5 11.0
N6 17.0

*Mycelial growth inhibition was determined after 7 days of
incubation at 25°C.
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Fig. 4. Suppressive effects of two antagonistic bacteria, N1 and
N4 isolates against the incidence of Sclerotinia rot on
perilla caused by Sclerotinia sclerotiorum S2 after 7 days
of inoculation in a growth chamber. Perilla seedling
was treated with each bacterial isolate plus Sclerotinia
sclerotiorum 52 (N14-Pa, N4+Pa) or treated with S.
sclerotiorum 52 alone (Pa. alone) respectively. Means
with the same letter are not significantly different
according to the Duncan’s multiple test (P=0.05).
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Fig. 3. Mycelial growth inhibition of Sclerotinia sclerotiorum 52 by two antagonistic bacteria, N1 (A) and N 4 isolated (B) on PDA.
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Table 3. Preventive and curative effects of antagonistic
bacterium, N4 isolate on the incidence of Sclerotinia
rot caused by Sclerotinia sclerotiorum S2 on perilla in
a growth chamber

Time of bacterial Disease incidence (%)°  Control value (%)

inoculation N4 + Pa Pa. alone’ N4 + Pa
3days before 85 91.5x¢
2days before 10.7 89.3x
lday before 11.6 88.4x
co-inoculated 116 100.0 88.4x
lday after 85.3 147y
2days after 100.0 0.0z
3days after 100.0 0.0z

“Percentage of infected leaves after 7 days of inoculation.

b I .

Sclerotinia sclerotiorum S2 alone.

‘Means with the same letter are not significantly different
according to the Duncan’s multiple test (P=0.05).
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Table 4. Biochemical, physiological, and cultural character-
istics of antagonistic bacterium, N4 isolate compared
with Bacillus megateriuma

Test N4 Bacillus megaterium’
Gram stain + +¢
Morphology® rod rod
Endospore + +
Cell diameter > 1.0ym + +
Anaerobic growth - -
Growth in NaCl 2% + ND
5% + ND
7% + d
Growth at 5T - d
10T + +
30T + +
40T + d
50C - —
Hydrolysis of Casein + +
Gelatin + +
Starch + +
Nitrate reduction + d
Utilization of Citrate + +
+ —

Voges—prosakauer test

wEy

‘Data from Bergey’s manual of Systematic Bacteriology. 1986.
Williams & Wilkins.

"Observation with transmission electron microscopy (TEM).
‘Symbol : +, 90% or more positive ; —, 10% or less negative;
ND, no data available; d, 11—89% positive.

Fig. 5. TEM (Transmission electron microscopy) photographs showing antifungal action mode of antifungal bacterium, Bacillus
megateriym N4 against Sclerotinia sclerotiorum S2. Scale bar represents 1 uym.
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Table 5. Preventive and curative effects of N4 formulation using Bacilfus megaterium N4 isolate and chemical fungicide, benomyl
against Sclerotinia rot caused by Scierotinia sclerotiorum S2 on perilla in a growth chamber

Time of Disease incidence (%)° Control value (%)
inoculation N4 Formulation” Benomyl Pa. alone® N4 Formulation Benomyl
3days before 20 220 98.0w 78.02°
2days before 120 180 88.0v 82.0z
lday before 260 20.0 74.0x 80.0z
co-inoculated 40.0 80 100.8 60.0x 9.0y
iday after 46.0 120 540y 88.0y
2days after 50.0 120 300y 88.0y
3days after 56.0 200 44.0z 80.0z

"Percentage of infected leaves after 7 days of inoculation.

*Wettable powder type formulation containing Bacillus megaterium N4 (107 cfu/ml).

Sclerotinia sclerotiorum S2 alone.

‘Means with the same letter are not significantly different according to the Duncan’s multiple test (P=0.05).

Fig. 6. Suppressive effects of N4 formulation made with Bacillus megaterium N4 against Sclerotinia rot of perilla caused by
Sclerotinia sclerotiorum S2. N4 formulation plus S. sclerotiorum 52 (A) and S. sclerotiorum S2 alone (B).



o 23 ged FUAA To0 U, dEg 48
F77h 299 2ldE 7)ol BR4 BT 32 e
o Jeto} 8 £ 2& FAZ AN, vdsE 2

h AT W 9% Qo) B2 wAFEH, oW A
T 9ol A #EE F 2R olFsrE Sl £ 4
P 2218 B2 Foe) B 94 93t 2719 2419
$24 Wl Y487 REIAT Mgl ety
249 FAE Bole 5 484 TN A4S B3

Kohn[14]2 S. sclerotiorum-S- 603} 3605 9] 4 T 9
9e FHE gEATes Rasgoy Sk
Aol LA Gt £, Sclerotiniads T2 T3
A Scleritiniads 250 B3 71829 EAVEE £ F A
A Sclerotiniadzo| Y B& £2EL 2 £0 2 /W&
NE WA S. sclerotiorum, S. triforiorum, S. minor 3% T
£ 71881 it14]. o] & 3F& AAstevde A2
els) 22 o), IS 8 5, 5 2 A%
A7) Zole {7, w3 Yoy e Fol ot TSt
9\113}[141623 25]. % AT ZAF S2 759 A4
el 2hdS HAHNA A AdER 59 EAS BEG
A, Aol 8709 AFEAL AHD ALERS A%
& 28jo)glon AdEAe Doloh T ulk 2297, 87)
AREAe ZN} BF 2Ust g o] AHE Sclerotiniad;
3% 543 vlas] RA[14], AdEARS] Holg Fof w7}
S. sclerotiorum-& 2.1~2432 X4 2.0 Bt} =1, S. minor< 2.0
B ZAY =29, S, trifoliorum 2.0 By} Zo. 24 &
&= S. minors} S. trifoliorum-& 491 d) wk3) S. sclerotiorum
£ 28l glon, A 87 AhdEAS Ao A E S
trofoliorum & AFE2}L 2717} W, A 2% 0] 449 B E e}
Y wb, S ominord} S. sclerotiorumS 5% B3ty 7%
s, oldel RE S5 TAshel ud, & 3
S2 #F+ S. sclerotiorum® 8 FAEHQ LY oju] HuH
7 ddEET FLANH7L

7 47 o9 EYOA 2 A 25 F He
o) x| up o 2 xg%mﬂ zewg; 33 ?W A5 A
A g3 71 &
b”'o]-Cﬁ Bl-thlcﬂmE_,,].g} ]
Ha# A2 1~39 Ao 237

O

o e
N

_E_inim

’

o i:l

J

_.sz

it

g o
%’Jﬂ AMER} X8R

etk 8 ol B megat€ﬂum°ll o FRATENY B
3 ) ¢ siderphored] oJ3F Fe¥'o] )3 %A} 9 or}4: 5
SEA Tl 93 713 B 9& Ao FHHW[12],
antl = B. subtilis9} vt MR WAEAE HAsS B
g #AzANME F WSS KU1 EAT 2N FEA
Ade AANAZES éifs}% 5 7188 FERE &
THA FEAGS 3% Ri35] FHE X A
o8 AsdHc 28, 51derphoreL]- 94“7]—?5’— 3| & Aol
A3 7128 FAEA nls| ARG} A Gomg A
A N4 o] o adte Hdade] dFEZ 7&‘?} A e

Journal of Life Science 2004, Vol. 14. No.5 767

g9 U Bold) o8 & PAEFE R Aoz 4%

.
Fo3<)

B s

of T[] =
12 382 Avlok s
e Za 2 of

s %113}- THE 4
7

>,
i
U;ZJ_‘
W P
k';' g ou
Lo
i
N

ok
rir

w £

ri 2,

offf ¥&

2 ol g
g
L
1o

T L S
| T
(‘;‘err
S b
>

>,
2L
o
N
jeoé"
ey
o
fro 9 o
o
B o
nmﬂ&.&

7190k 1] 3, §&A A2 /7174
enomyl, dickloran, thiophanate-methyl 5-&
gt asts BA X8 glen, S
7] W&ol 713 T ARgol 2 ol wo
= $478H A gl 8T7HEn.

dxe AAGE 4 bio-gele VFLEA A&
B3 LAFE AHgdtsled, ol RFAZA
ul ol kEEA 9 A3F AEo Bad o
= Fgsto] @A ¢ EdFo|ivty 449
. ?XM] ga 71nnd SARALEFE WAL
soy AANE 77t A7MFE o83t w2 WAEH
€ At or(15], 7HAAY TRl WAL mdE e
AzdMe F7HF, L%, HANE, SFSPE, A7HF,
FEMF 5 T &8t olgd ¢S Eus)
K21 BdTAEd std, B4 AFA= FUHF

HALE olgagE 1—t— é‘E—% ARG

3

ko

4
e
g e

> 8k off ox > B  m
HU

it

e
=z > 4 mﬂ

o2 1o o
e
FFIIOW

Hl‘i‘,

e
[
e
rfo
ne
1
)
o
i}
>

S A Hlol, £3, 23 F& 1EER 72?21] H] of
& AR AolBE EAFAY UE 3
B o g SLeEe AFoly F
2)& Aol ZA 9 HAA L ToE Bo| o] & Fo
TFAME Pl EF G AA g &3t S8
A EAZ AdsA HAY £ A7 AE3FHQ
P AR ErtE, 27] 9 AFA4F AL FHo

, AT I 2EAEE TAE 2 EvE
Fol WAL v EFAS ARt 159 PAE
AR Fol AL R).
o] 9o A71¥ dextroser BUTRT 28 &3}
A ZLstE dddoln, vk A ¢l CaCOs, FeSO4 - 7TH,0,
MnCl; - 4H,0& 2% 9] A% 228 77194 €/
23 AA 4FE e, ole 3 T3] vlAEES A
dha B4]9] 733 MEFoF A 2elx o] F{18] 9t
ArolA e FLs Aot

g s AESetn 48357 HeiM e jtEA

o,

ﬂJ

e
off L rg
o

OE’O?:F_&\
éﬂ}{ﬂiﬂ
O‘DJ

2 HO of B TouE Lo -
2,
°‘$~

e o it ok

OO

4



768 Journal of Life Science 2004, Vol. 14. No. 5

BAe] b AT kA Fofl B3 FAL FdkE ojo} 3}
& 9% | ALgoll &3 AP

cofsl A% ol FF ngsiolok T olth

2
R

O,
(_>‘—_Q'J—{II
N
N
1=
£ oy
2

i
R

\O
3R
a1
)
o
=
et
3L AN S wE ol mo fr AN 2 lo

i o

i

ox,

Rl

ff

ofy

. 1

N

o HY X

ok
rg

2
N
-
>
-
ol
-

i
T )

to i

ol oX

o i
1998\3 549 AL E FAH

oZ
ofr
-

H
2
-
ol
olN
£ 2 o o —H

2
N
-

S~
-

1
S
O o
fa
14
)
%R
(O8]
=
ol
X
d

o
ox ol £
oY e

>
rR o&
W o ol oy A kg

oE o |
o
i
_\11_!‘
m
of\
—_
g
ok
R
Ak
>

d B0 oly

o
<
3
xR
2 ox
2o
ox
lo,
19

3 A 54 5

clerotinia sclerotiorum

o to o (2 2 [0 ox IN o & F ¢
i BN o n
t ot = ro
o &
o &
3 ot M
o oo
of, it
o
o
_12(.1/
Y
ok
2
e
e
2
NS !
otk
B
=1
o
Z
—
ot

JoN
=l
-

IR HAdd @Fek FARSE AAAT H
= £ AXS 2%, N4 #
7+ Vg S5
2| A AgTs BdEAE
1~39 Aol AT ¢ 80.0% oo WArIE B A&
aHRe P taRrt AR Ao UHUG. 4
g N4 #3FE Bergey’s manual?} API system-g 0] -3}
ZA8 A, Bacillus megaterium. 2 3R oH, o]& F
SAHA A EFF NaAAZ Azstd {7184 5
W=D et o Il & N5 aAE HlasHeh 2 2
o, WdaAe 39 Ao AT A5 N4 5318 AA 9 &
A7}7F 98.0% 2 W BestAle] g 78.0% R} WAL
=3t

N ox

2 o

M

Ky

ot =

[ Hf"

> lg‘i

g f; o
12
b
ol
i)
oy
ok
2
N ol
i)

Al 2

o] 7 20033 E Foljati o4 AT H (G FEH
A) Aol oJate] ATHAL.

t

o
ra

i

!

1. Adams, P. B. 1975. Factors affecting survival of Sclerotinia
sclerotiorum in soil. Plant Dis. Reptr. 59, 599-603.

2. Adams, P. B. and W. A. Ayers. 1982. Biological control of
sclerotia lettuce drop in the field by Sporidesmium scle-
rotivorum. Phytopathology 72, 485-488.

3. Agriose. G. N. 1997. Plant pathology. pp. 635, 4th eds,,
Academic press Inc., New York.

4. Bok, S. H. 1993. Non-Toxic Biopesticide, Process opti-

10.

11.

12.

13.

14.

15.

16.

17.

18.

mization for production, delivery and formulation of
microbial fungicide GEF-1. pp. 62, Ministry of Science &
Technology Research Transaction, Seoul, Korea.

. Burr, T. J., M. N. Schroth and T. Suslow. 1978. Increased

potato vields by treatment of seed pieces with specific
strains of Pseudomonas fluorescens and Pseudomonas putida.
Phytopathology 68: 1377-1383.

. Cha, W.],, C. 5. Kim, ]. H. Song, H. J. Kim, Y. B. Lee and

B. ]. Moon. 2002. Leaf blight of perilla caused by Alternaria
alternata. Korean ]. of Life Science. 12(6), 708-714.

. Cho, C. T. and B. J. Moon. 1994. Sclerotinia rot of perilla

caused by Sclerotinia sclerotiorum (Lib.) de Bary and its
new host. Res. Bull. Inst. Agr. Reso. Dong-A Univ. 3, 11-24.

. Choi, Y. H. 2002. Development of labor saving - and

environment friendly-cultivation methods for the produc-
tion of high quality perilla Ieaf in Miryang area. pp. 480,
Ministry of Science & Technology Research Transaction,
Seoul, Korea.

. Hong, W. F,, S. T. Hsu and K C. Tzeng, 1993. Bacterial

wilt of perilla crispa : new host and new transmission
method. ACIAR proceeding Australian Center for Interna-
tional Agriculture Research 45, 373-375.

Hsu, S. T, W. F. Hong and K. C. Tzeng, 1993. Bacterial
wilt of perilla caused by Pseudomonas solanacearum and its
transmission. Plant disease 77, 674.

Huang, H. C. and G. C. Kozub. 1993. Survival of mycelia
of Sclerotinia sclerotiorum in infected stems of dry bean,
sunflower and canola. Phytopathology 83, 937-940.

Jung, H. K. and S. D. Kim. 2003. Purification and
chracterization of an antifungal antibiotic from Bacillus
megaterium KL39, a biocontrol agent of red-papper. Kor. J.
Microbiol. Biotechnol. 31(3), 235-241.

Jung, Y. R, W. K. Sin and S. W. Kang. 1993. Development
of the microbial pesticide for controlling gray mold rot of
greenhouse crops. pp. 24, Gyeongnam Rural Development
Administration Research Transaction, Gyeongsangnam-do,
Korea.

Kohn, L. M. 1979. Delimitation of the economically impor-
tant plant pathogenic Sclerotinia species. Phytopathology
69(8), 881-886.

Kim, C. S, J. P. Lee, ]. H. Song, E. K. Lim, S. J. Chung,
S. Y. Ha and B. J. Moon. 2001. Development of biofun-
gicide for control of gray mold rot of eggplant caused by
Botrytis cinerea and bioassay in the greenhouse condition.
Korean |. of Life Science 11(3), 235-241.

Koike, S. T., R. F. Smith, L. E. Jackson, L. J. Wyland, J. L
Inman and W. E. Chaney. 1996. Phacelia, Lana woollypod
vetch, and Austrian winter pea: Three new cover crop
hosts of Sclerotinia minor in California. Plant Dis. 80,
1409-1412.

Korea crop protection association. 2001. A statute book to
be connected with chemicals. pp. 69, Korean Agricultural
Chemical Industrial Association, Seoul, Korea.

Lee, G. S, G. A. Kim and T. S. Kang. 1998. Industrial
development of microbial fungicide for biological control
and environmental conservation. pp. 113, Ministry of



19.

20.

21.

Science & Technology Research Transaction, Seoul, Korea.
Moon, B. ], S. H. Roh, Y. ]. Son, H. S. Kang, ]. P. Lee, B.
S. Kim and D. S. Chung. 1998. Occurrence of gray mold
rot of perilla caused by Botrytis cinerea. Korean ]. Plant
Pathol. 14(5), 467-472.

Moon, B. J. 1999. Development for quality, high yield
production and labor saving culture of leaf perilla around
Nakdong River. Occurrence, isolation and identification of
several diseases of perilla and biological control by antag-
onistic bacteria. pp. 277, Ministry of Science & Technology
Research Transaction, Seoul, Korea.

Moon, B. ], C. 5. Kim, J. H. Song, H. J. Kim, J. P. Lee, H.
C. Park and D. B. Shin. 2002. Biological control of gray
mold rot of perilla caused by Botrytis cinerea 1. For-
mulation of antagonistic bacteria and its control effect. Res.
Plant Dis.. 8(3), 184-188.

22,

23.

24.

25.

Journal of Life Science 2004, Vol. 14. No. 5 769

Olaya, G., G. S. Abawi and ]. Barnard. 1996. Influence of
water potential on survival of sclerotia in soil and on
colonization of bean stem segments by Macrophomina
phaseolina. Plant Dis. 80, 1351-1354.

Purdy, L. H. 1979. Sclerotinia sclerotiorum : History, disease
and symptomatology, host range, geographic distribution
and impact. Phytopathology 69, 875-880.

Son, Y. ], ]J. P. Lee, C. S. Kim, ]. H. Song, H. J. Kim, J.
W. Kim, D. H. Kim, H. C. Park and B. ]J. Moon. 2002.
Biological control of gray mold rot of perilla caused by
Botrytis cinerea 1. Resistance of perilla cultivars and se-
lection of antagonistic bacteria. Plant Pathol. ]. 18(1), 36-42.
Wong, A. L. and H. J. Willetts. 1975. A taxonomic study
of Sclerotinia sclerotiorum and related species. ]. Gen.
Microbiology. 88, 339-334.



