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Isolation of Antifungal Bacterial Strain Bacillus sp. against Gray
Mold infected in Kiwi Fruits and its Disease Control

Cho, Jung-Il + Cho, Ja-Yong

This study was carried out to identify the effects of antifungal bacteria isolated
from the soil grown kiwi fruit plants on the growth inhibition of Botrytis cinerea
causing gray mold in kiwi fruit plants in the southern districts of Jeonnam. Two
hundred and fifty antagonistic microorganisms were isolated and examined into the
antifungal activity against Botrytis cinerea. We screened and isolated four bacterial
strains which strongly inhibited Botrytis cinerea from the soil grown kiwi fruit
plants. And the best antifungal bacterial strain which called CHO 163 was finally
selected. Antagonistic microorganism CHO 163 was identified to be the genus
Bacillus sp. based on the morphological and biochemical characterization. Bacillus
sp. CHO 163 showed 86.9% of antifungal activity against Botrytis cinerea. By the
bacterialization of culture broth and heated filtrates of culture broth, Bacillus sp.
CHO 163 showed almost all of antagonistic activity against Botrytis cinerea. And
we also confirmed that in vitro the treatment of Bacillus sp. CHO 163 cultured by
SD+B+P broth efficiently controled the growth of Botrytis cinerea causing gray
mold in kiwi fruit plants.
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ol WA B AF: At o, £ 9 HA(Fvl) FolA A5 dAs= A EHY
A F3o] HAFA AUFF|(gray mold, Botrytis cinerea)®ll st &¢t3rR-0] % 4
g4 g Adste g w7t $4383 A4 Y9 Jlx A82 83
B3t

I. ## R Kk
1. AUFge] HUAZFY £
AgA oo AT el LAse ALIT TS FLAII= BdE & B A8t

H)
Ao AYT o] HERAA HAY WS 2% 25C 9 FUlEE 90% o3 2%
*eloﬂfﬂ 397 &4 A Hoen, A" o =A L Fig. 15 #o] 70% ethanol 2 5%



Acky) A Fgo] WA WY AT Bacillus sp. TSk W3l I Z& 401
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Collection of kiwi fruits infected by gray mold (Botrytis cinerea)

N
Washing and surface-sterilization of the infected plant tissues with 70% ethanol and 5% NaOCI solution

)
Rinsing in saline solution (0.85% NaCl) repeatedly

l

Placing those infected plants on the fungi selection medium
[potato dextrose agar (PDA) medium + streptomycin 200 ul/ml, pH 3.0]
A

Sporulation of pathogens and their pure culture

Fig. 1. Isolation of gray mold (Botrytis cinerea) from the infected kiwi fruits.
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Aol SAskE AMLFTFo] HAdFe diste Aol 3 A¥¢FES B
st Aol AuiA] EF-E AFHGAC Fohy 5 Ede] AEZFE 5~20cm ©] 3}
2ol 28 EYS 3B OE AFste] JARASAA AT FElo Ao,
S|P AYE o] g3te] EY FEHYOoRREH dd FFE BIUT.

Z E% AN 1g2 tris-HCI buffer solution (pH 7.5) 100micll 23 gujfS 108 A=
AAZ F wjA] Yol B0 EFIGHE W4 PF (0.85%, NaC)E 3] 4 ske] Gkt
Al A [nutrient agar (NA) plate]oll F5=HE =% HEF3AT

Sampling the soil grown kiwi fruits in the southern districts of Jeonnam

Dilution of the soil solution with 0.85{% saline solution by 103 to 108 times
Isolation of supefnatant from the vorJ;ex of the soil solution after 30 min.
Inoculation and smearing of 200 u;L aliquots on nutrient agar medium
Incubation for 24~48 hoirs (25~32C, darkroom)

3

Isolation of the single colony formed

Fig. 2. Isolation of the single bacterial strain from the soil grown kiwi fruits.
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2¢4 8 A7 & HHL o Zo] AASIAT PDA viAjo] AWEFo] ¥
e UA HEE T PUdFe 83 F ZHAA B dY 7S FESHNLH, PDA
A Aol 5~78 A= tXulF F 23S ZAEAT F, PDA HjA ol A4 &
Folol AUFTHo] HYAE HAEFdT, A AEFE AFTT F 5479 AX X vjFst
o] A A ti(inhibition zone)& ¥ HIEE 3= 2 AldS ALz Adsiitt. 4
g7 Hdde] U AAHAEE PDA A A 7L hAjFstEA FAHE F=2Y
(colony)E2| FAVE &Asle FX 79 vus & HEEE ALt Adsig

4. AZA Age 3

A FEAYe] Aoy g DAstE ALFEo] HAF thetd Ao
25 Ao ¥F FAE Bergey's Manual of Systematic Bacteriology, Microbiological
Method, The Procaryotes T2 el o3l nYE2 e, wiF L A - A5y 4
& ZAE3 S AA3AHKrieget Holt, 1984).

5. Agh kYol WAF AAAA &

AL YA F A wjgdo] Fohe ALFFo] WAZ sty = A7
oA Fge thg o] APt F, ZY¥TFE Table 13 22 SD+B+P vl A4 3
g 3 FAE 287 WYL 10,000pmol A 8min. B VA &3 cellE AA
3 T wjoFdo] = PDASH TSI 121ColA 1583 EF3YTh =37, AT v Sy
< filter A2)3t] A iR WA fFYol = PDAEH F5)9 1/49] wjFdEAL
HF3 ¥ 0.45un membrane filter 2 & 343 3/42) v P FA YL EFEE ZAFAT A
9 vl v E plated] Fo] 2% oS Foide] AWLFFo] WAL S HF3H 25T
incubator ¢rollA] 793t WiFA A AYF AFE PDAY HEH =T viwsHH.

Table 1. Composition of cultural broth, SD+B+P medium used in this experiment.

Characters Composition (%)

SD+B+P medium Sugar 5%, soy sauce 3%, beef extract 0.2%, peptone 0.2%
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A FRAGY Fo 24D HFdoA BAsE AYERo] HAEE s
st A SET, ST R AEF 59 Aty ArdE A FASEA B 2
M2 ke A Fste] FAoieolA AL FFo Y (gray mold)E WHAI7] = AL Borrytis
cinerea® B2 £8 ALIFAo] HAFE Aol ARFY A Foie) ALE
Fo|P1 TUF WAL B B AYe] FA HAZ L2 AL

3. A Al A

Aoiel AAA 28 EGolA 223 GUFF 25049 F FollA Fore AdFFo] ¥
A7 st FFago] S FFE AL A= Fig 37 Table 2 T3 2T} Fig.
337} Table 2 52 AHR FolA B vt} go] 7380 713 8 &5+ CHO 163
oz ANTgo] BAFT ] thAufF A AT AFAAHo] 86.9% FEHRLH, 1
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T}2© 2 CHO 161 (78.3%), CHO 162 (34.8%) 2 CHO 164 (30.4%) 52 €22 Z4%H
o] 3t Hh

Fig. 3. Inhibition effects of antifungal bacterial strains on potato dextrose agar (PDA)
plate against gray mold, Botrytis cinerea infected in kiwi fruits for 7 days at 28°C
(161, 162, 163, 164: antifungal bacteria, BC: Botrytis cinerea).

Table 2. The inhibition zone*(%) of each antifungal bacterial strains against gray mold,
Botrytis cinerea infected in kiwi fruits on potato dextrose agar (PDA) plate for 5

days at 28°TC.
Bacterial strains Fathogen Botrytis cinerea
CHO 161 78.3 b’
CHO 162 348 o
CHO 163 86.9 a
CHO 164 304 ¢

“Mean separation within columns by Duncan’s multiple range test at 5% level.

NT-T
*Zone of inhibition (%) = —NT x 100

NT; colony diameter of no treatment (mm), T; colony diameter of treatment (mm)

4. AR A9 574

A GRRA A9 Foie Ao st dgste AL T Fo] HAdTd sty 4
gargo] 43 MTA FF<U CHO 1638 A S = Bergeyz’'s Manual of Systematic Bac-
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teriology, Microbiological Method & The Procaryotes 5-2] Wil &jsto] v &2 Fe), wj
4 R A WY B4 5& HAENA FF 4 AL, 1 AH= Table 33 4
53 2o, o9} e AANE 71X #F FHE AANY AH Bacillus sp. TF ET
I RfEEFY Aoz AU

Table 3. Morphological and biochemical characteristics of antifungal bacterial strain CHO

163.
Strain , - .
Characteristics Bacillus subtilis Strain CHO 163

Cell diameter > 1.0um = .
Spores round - -
Endospore + +
Gram stain + +
Form rod rod
Sporangium swollen - -
Parasporal crystals - -
Catalase + +
Voges-Proskauer test + . ‘ +
pH in V-P broth

<6 d(+/-) d(+/-)

> 17 - -
Acids from

p-Glucose + +

L-Arabinose + "

p-Xylose + +

p-Mannitol + +
Gas from glucose - -
Hydrolysis of

Casein + +

Gelatin + +

Starch + +

*., 90% or more are negative; +, 90% or more are positive; d, 11~89% are positive

ZARZANA Gl A Fh AT Ro] BAZS A& o 86.9% B= HA AT Bacillus
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sp. CHO 1632] #52] =Z7]& BEH 70| > 1.0um AL ©Fo 2 sr)go|dx ozt
9 ¢F4E& BN

2@ dE I3 AFE BY 5CoAAE AZE BJoy 2TCAAE AS3HA
UL, EAE FAHE Gram FAFING. A Ashre POl starch EolTE
ANe, catalase”} WA, citrate= %A, nitrate reductionS %A, indole AN 240Ut
T3, Methyl red ¥ &4, VP ¥He-2 oF3hAl el e, H2S 342 KA, 7
B35 X5, xylose 3 mannitol arabinose 5 ¥AHSE UEGTH
o83t ZAE EU)Z Bergey’s Manual of Systematic Bacteriology2} Microbiological Method
o 71¢® EF71F w2t CHO 1632 Bacillus sp.9F 96.2% AE A%t Bacillus sp. ¥
EE I 95 AR FHHUKKrieget Holt, 1984).
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Table 4. Morphological and biochemical characteristics of antifungal bacterial strain CHO
163.

Strain . e .
Characteristics Bacillus subtilis Strain CHO 163

Utilization of
Citrate +z +
Propionate - -

Degradation of tyrosine - +

Deamination of phenylalanine - -

Egg-yolk lecithinase - -

Formation of
Indole - -
Dihydroxyacetone ND ND

NaCl and KCl required - -

Allantoin or urate required - -

Growth at pH
6.8, nutrient broth + +
5.7 + "

Growth in NaCl
2% + +
5% + +
7% + +

10% ND ND
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Characteristics Strain Bacillus subtilis Strain CHO 163
Growth at
5C - +
10C d d
30T + +
40C + L
50C d d
55C - .
65C . R
Growth with lysozyme present d d

“ -, 90% or more are negative; +, 90% or more are positive; d, 11~89% are positive; ND, no data available
5. AgF wiklo] ZFF sl A AuFFol HAF AFAA #E

Ao ALFgo] ATl sty Ao 57 Bacillus sp. CHO 163& SD+B+P
Hl x| el A 38 Bt R vl gy AR s ZFo] FAE AAD F EXF P
o2 zAE WA E PDA HiAd] Yt AT BET 5 gy AA wjgy
of gt PDA (48] ¥3)9} 0.45um membrane filter2 o33k 3/49) WlFFA A& T3}
ZA D wFd-E platedl] Ho 23 O FHo|E HEF3H 25C incubator AellA] 7€
viFA A A A PDAY HES dzT9 wiwste A&t Bacillus sp. CHO 16334
Bacillus sp. CHO 1612} Fohel AW-FgFo] HAdFol g AAA 280l 100%

HA3] E& Aoz Jelgth watA Bacillus sp. CHO 1638 Jrhel aﬂ*"—’—ﬂow«l g
A AEFHLE NEEnA drHeH, TFLAFP HEsa .

Fig. 4. Growth inhibition of gray mold, Botrytis cinerea in kiwi fruits by antifungal bacteria
on the PDA medium plus 3/4 suspension solution of antifungal strain cultural broth
autoclaved (strain 163: Bacillus sp CHO 163, BC: Botrytis cinerea, strain 161:
Bacillus sp CHO 161).
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Ford AT FoIH S AT Bacillus sp.o] WEHE WF vl gst 0.45um mem-
brane filterZ. filter A 2]3lq FAE £ & F 5 WY THoz A4S AANT 23
Botrytis cinerea®] A5°] Fig. 49+ 20} 100% AE JAHE A& FU3ATH

T3}, Bacillus sp.7t E¥3E FHFE49] protein UA EE non-protein® A GHE &
371 3t #59 WlFYE 121CoAA 1587 B3t AYUFTFo|P A7 J¢
ZAFE 23} Fig. 49 2o] AT A7 9AH] 100% A= AL AIsH2H, ol
3 52 MIFEA U dFEZo] 7HEZ A% HA o] 81°] non-protein A& AR F
Q13 th(Baker®} Scher, 1986; Krieg®} Holt, 1984; £ 5, 2005). 134, &% JHFEZY
TAHA EZo sl FHE AAS 3= Aol 8T Zo 2 YAHUL

o do O

6. 2 Aol W AUFFe|H WA &}

439 58 gy XErt ok AdFEely o HAl vlA = YL in vito
Aol A ZARE A= Table 59 &

Table 5. Effects of antagonistic Bacillus sp. CHO 163 on the in vitro control of Botrytis
cinerea causing gray mold in kiwi fruits.

Bacterial strains Pathogen Botrytis cinerea
Control 4
CHO 161
CHO 162 .
CHO 163
CHO 164 —

* The reaction of non-wounded and wounded plants were examined 30 days after and 5 days after inocula-
tion of the fungus, respectively.

+++ : highly severe infection, ++ : severe infection, + : weak infection, - : no infection

ALF o AFE XM 27 AL Joide] AL Fo|ye LAo] v A3}
A3, AT CHO 164 HTFNA = Balle dAo] A3 259 FZ3-§o] FF3AUh
widol] A+ CHO 162 A& AYLITBoIE e TAo] =5 oFstAl ZAEUL, CHO
1615} CHO 1639 A& FllA e ALFFo] Halle 2ol AL glo] o|& FFE 0|8
REFLY M 7HsAo] §& ZALE ZAEHUT
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A GEx9e Fohe ol Bt ALF ol B AL (gray mold, Botrytis
cinerea)°ll Tt JF2Eo] S48 Aldyd 75 ALsr] At Jod H-d ESL
Z2EEH ddFFE Bysigen, AUFTFo] WAd(Botrytis cinerea)dll I BEFH Ao
58S AAs D #F 5HE AAEAT Fy FdrddA B F 3509F ddE
F FoA ZAogelA LAsE ALFFo] HAdF et Lo 5% FFE 1
AH o7 4% AdEga, o] FolA el ALEFFo] BAT ety 2g2-go] 869
% AEE $-FF CHO 163& HFH o2 Awsrt Ave) AYFLo] HAT et
Ag=go] 53 CHO 1638 Y22 #59 Fuly A4, widd 54 % A= 45s
2 JA 5 xAsd #F9 $HE HER v Bacillus sp.¢t FAE 72 FFHUS
Agg o2 B} Bacillus sp. CHO 163 iAo A Friel AYFBo] BAL HF
T 47 Mot gAY #F FAE AP S | AY 1S FEFEL BT
=3, in vitro ‘3ol A Foheol] AL Fo|HW AR E HFSIL Bacillus sp. CHO 1632 #F
He X A LI Fo|FAFY] TAE FAH U
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