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Abstract Gray mold disease, cause by Botrytis cinerea, occurs severe damage on varieties of fruit and
vegetable production, and have no a critical control method. In case of chemicals control, it is a trigger
emergence of drug resistance strains due to using them continuously. In addition, the pathogen is difficult to
control naturally because it is possible to survive regardless of host status. In this study, microorganisms were
isolated from tomato flower and hive samples and in order to select suitable microbial control agents for
tomato gray mold disease. During six-months study, we isolated 1,004 isolates from flower and 925 isolates
from pollinator hive samples. Among them, 6 strains were selected based on result of antifungal activity test.
The selected strains showed not only strong antifungal activity against gray mold pathogen, but also cellulase
and protease enzyme activities. The selected strains were identified as Paenibacillus polymyxa. In plant assay,
P. polymyxa prevented the gray mold disease occurrence near 75%.
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Al Zsgo| A d(Botrytis cinereaye 7158 Ad
Hegoezw e Yile 7IFEE B7|(Fragaria x
ananassa), L(Capsium annum), E=(Vitis vinifera), 9.°|

(Cucumis sativus), EFYE(Solanum lycopersicum) 5 -

73A el E EA4S dod)e HoE dHA o“3}(Jarvis
1997). 53] o] Westol] og T4 2= 371, I, &7
AAo] el 74A] WAt FEERS TAaATIAY A
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o] Aol F L A
1974; O'neill et al. 1997).
ol WE AEA o] A5 Felg F4 (sign)e] Ve
Aol 7158 R vpdet WA (symptom)o] #FETE 270
AMe =t o FH 24 v o] WA o] VAN, 3
Aol 29 HHA 72 S0 WASE e 3%
ot BEntEoM e FHdo] Ash HwA A= WA o] dEEn

Aoz dHA SthMcKeen

rr

Ay A
it

[e]
(McClellan and Hewitt 1973). B2 o] xdgo| u}
o} 7 Folol Ao R BA IAE JAdst] BHS o

olHiz]= FA o] UehA dnt.

Al FsgolHS WA|3l7] 93 Ao 2= dicarboximide
(3,5-dichlorophenyl-N-cyclic imide), benzimidazoles, N-
phenylcarbamate 7| 2FA1 S ©]-8-3t 3}814] WA 7} o] Fo] %
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9} (Rosslenbroich and Stuebler 2000). Z&ju} Z7]ol=
AtAI7E B0l o HhEAQl AREo R Qlsf theFet
TR AtAlel tigk 3ol SdePHA WAl ol
< Zol%¥tHRosslenbroich and Stuebler 2000). A<
AP FE317] 93l 227 (Plant essential oils)E ©]
&3to] AtAS A A4 AR A E 219
Wolg 7hane] a7} AlFo] RISHATHSoylu et al. 2010).

AA7EA] AL gl el tiste] Fuielelx AEshH
WAl o2 g7l Ao 2= Aol &3 Trichoderma
harzianum3} Ald-oll 438F= Bacillus licheniformis ~L2]3L
ARl Sacharomyces cereviciae?t G A &EHOZ A
7F 8o} ghovt ofA7EA] L] Alet H Fgo] 7
2 A3tE]o] Uth(Elad and Kapat 1999; Parafati et al.
2015). o] &l w3 OR WAV} o] FoiR|= Zf-
A= WA el disiME AFAS AUA 2 5 A
o}, olu] 19989 WAFo R LA AW Trichoderma
harzianum T39 ©f thate] A¥lEgo] WAFe] #3H/do]
B 3% v} JthDe Meyer et al. 1998).

Aol dtS o788 Ao ® 279 Wit
Aol T2 A9 FoA AIFEHOR, Rl MAsk= A
FHAES ]8T A A 23E =Y 7 US Ao
ALEETE A, 2 AFoM e ol EAjste ERE A
9 gt A3 e it 78 misiFel SAst
FEPAES Adstaat AA] =t

e

EOtE £3 8 oM 0j8E 22|

7EE FH71EY AAAIA (ATEC greenhouse)oll A
AiE L e EvtE M nidEs EEdh] flsko]
2013 11€958 2014 59704 o0 E &<t 27 (Ao w
& 133 EHIM ANEE AHekn. MRS FREE 3
7] Mgt 1y NEE ARt E2AolA 50-mL falcon
tubeo]] B2 F WL B WS o] gslo] APA7A] &5
&t

©]% 1 X PBS buffer (8g NaCl, 02g KCI, 1.44¢
Na,HPO,, 0.24 g KH,PO,& 4] A5 800 ml o] =91 &,
pHS 748 24, FH o7 | LE @F) 30 mLS £53
T 2|7 o835t AlRe] FHd] EAlsks vA
=< PBS buffer® #2]AZTHJoyce et al. 2003). PBS
Bufferd] £2]% Ve @& 1mLs Ba ImLol ¥
o] SHolA TR FApA R At AT &
< ISP media No 2 (4 g Yeast extract, 10 g Malt extract,
4 g Glucose, 20 g Agar/1 L, pH 7.2 +0.2)2} TSA (Tryptic
Soy Broth 30 g, Agar 20 g/1 L)ell 100 pL %5 =% 331t}
ol z} Ag] T 33 WHEo = A slo] At =

HLBTOY WA 2
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o] kR H HiX|E 28°C HiY71olA 1097F v 3lsd ).

10d 73 & uiRoA] ERlE e AlFe] 9 F2UE
7247} A 28 E-Tubeoll TSB 200 uLol] Zoj& v} 28°C 7
S grlol A 297k viFS st Bt 75 AR Sl
ujFl 90 uLet 50% glycerol stock 90 uLE 96-well plate
gk kol B8 5 pipette© 2 E9}51Y -80°C EASIAT
(Duetz et al. 2000).
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PDK uljA](Potato Dextrose Broth 10g, Peptone 10 g,
Agar 20 g/1 L) & ©]&3}4 Tray plate ol Z}2} 20 mL &
slo] HiRE A TR 96-well plated] ¥iSH dFE
ReplicatorS: ©]-8-3ld PlA=-5 vix]ol] 3% A ZAth(Andrews
et al. 1983). 297k 28°CollM widd vt 4749 mdE
colony % ol 4-mm Z7]9] AW FFo] YU agar
blocks HEate] 12} RG-S Aasiet. 547 B
S A v FEes Ad 4FES Adwsio
PDK ufA]e] 3t =k & 22} thx|u el ARE-slAT. 23k
A %S 90-mm Petri dish®l] wood stick®Z o] 3 cm
2] R 7} et B aed 3U7k 28°CelA] H
&t the T4l AdlFFolH A+ agar blockS HE3t]
1097+ oA viFS Jgsisiet. 22k thx|ul kol 237t
et 475 o]&ate] g WEoRE 3aF tix] wiYS
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L S5t BXYEEY 58
A #F5 TSA viA|oA AFd =2 sted 27°Col|A] 3
Hoajokst oy ddE2YUE 50mL TSB HiRA|d HF
Skt 397k 27°ColA X' wiEt Ty 4,000 rppm S =

A4 EEE g5 T ASAe 9lE o]8std
AA st 1.5-mL tubeol Fo} U= pellets 1 mLe
CTAB buffere] =} 500 ul® F 72| E-tubeZ #8319
o} 2] E-tubedll A= Lysozyme solution (50 mg/mL)S
30 uL A7kt & 37°ColAl 1A1ZE wigFsiGiTt. €)% Pro-
teinase K solution (20 mg/mL)S 3 pLE H7kste] 65°C
Hot blockel A 3037+ W3- AJA F9t}. k5% E-tubes
2ol A 1587 2131tk 500 uLe] PCI (Phenol:Chloro-
form:Isoamyl alcohol, 24:25:1)5 YL -2 5~73] &3}
slo] 9tk TR 13,000 rmpl 2 10%2-7F AAEE)7|S &
5 AATH 45 400 uLE MZE E-tubeZ %71 F 500
pL Isoprophanols 7kste] =3t} §Ho] H71E tubeE
-2 78] E3hek the 5%7F 13,000 rpmo 2 U4EE]7]
oA DNAE FHAIA Tt vEA2e & 70% Ethanole
500 uL F7Fste] o)A} FUsA PARe 7lolA] v A
7om o]% E-ube -] & Ml 204 308~
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45% 71F AZE A8t FHol 50 uLe] TE-buffers:
#H7sle] DNAS Hojulal -80°CellM B2t aF9ich(Fatima
et al,, 2011). 16sRNA S FFsl7] 918l 27F9F 1492R
primerS AR5} sequencet Solgent (Daejeon, Korea)
oA Z1385F$ th(Lane 1991).

>

HaleS ASs]l fsled  cellulase enzyme
media (yeast extract 1g, CMC 1g, KH,PO, 4 g, MgSO,
1 g, MnSO, 0.05¢g, FeSO, 0.05¢g, CaCl, 2 g, NH,CI 2g,
Agar 18 ¢/l LYE ARS-3l9ith. Tl d 18 588 7Z3sh]
9l8llA= Protease enzyme media (skim milk 10 g, agar
18¢g, per 1LYE ©o]&3le a48Y HAE AHAEH
(Carder 1986). A% w]AEODy, 025 7z wix]o] 10 uL
JEste] 27°C A 5L7F et & Adfa w8l 58 IRl
3171 9130 0.1% congo red A|FOZ2 10 mLE EF314] 10
w7 A 3 o 1M NaCl & o83 53 A&t o]
4°C A 1277F B&3SE Uk clean zones 215t &
3 58 AR TE 3l 582 clean zone

o
=
date AL Bl ol 58S A8tk Berg et al.

ot AT

MY ZTo|Y YEHE
A=A A TR 7o) A
Wx2T2A A3t} Bomytis cinerea VIRE
cinerea 2]+, B. cinerea £+ A3+t A AT FE Y7o
AEe AYaitt. 7 Al HE swEoR XFgsigle
H ERlE F5dolAS ARsilth. 1 w52 PDK 9
iAol 3L7E ZE uj e ts ODgy 0.2 =2 3435}
o] £ 1501 IS o]&3te 100 pLA HE stk B
2 PDA (Potato Dextrose Broth 25 g, Agar 20 g/1 L) Hl
2ol agar plug FES Th 1047 Bl & HAdTE ol %

12
i 2=
for

e

sto] I e o R A gt AS ARSIt 2AR g
2 Hemocytometers ©]-8-3t] 10°cfumLEEE IR1¥ &

b

A dgd S 2 1Fold 100 pLy HE sHATHBadawy

and Rabea 2009). 233} HYF A Ag]ore 2z
o] BAES 100 uL FIo] TEA T} e TR
zAst] 93l S o gate] EntE o EFaoith. a2+
ol " 200 uLEs ¥ A2Tols Ed4 100 ulA

< VIR EFoInh 524 A EE Aol 1097
WSS A} 518Ith W E (Disease Incidence, %)< A
dagolge] §y 52 gAo] Yehd AL 1= sfe] 3
E(%)e AT

A 1
NYTLo|E LHOYE 22 W MY
AAGE 597149 ATECHIE] Erhe A oA

20139 1€ 1197H 1498 o2 20144 5¢ 13¢
7] BERE $b7] Alge ¥y AlRE ARSI T 133}
ol AAA Z}zte] A8 5 Ao s17] Al w4
H uAE 1,00471 colonyE EE 3o W3] AR M=
925702] BB E colonyS EHH 3T 0% EajE 1,9297H
9] A& colony ¢} B. cinerea (KACC40574) =] w2
5ol e A #F5 AWk 13 A (Dirty
and quick screen)o|A= EFLE 37] AlS(TF1~TF13)Z5
B 25870, R ZA(THI~THI3) 23771 Awaict.
2218} 32} RS Fate] 8] AlgolA 380 rAES,
3] AZAAM = 201E AEetdth(Table 1). L F 3H7] Al
FoA EEE niE T FFFHe] 7P =4 JERd
TF2A1, TF2E12, TF2H2, #5-2] 37§¢] W& colonyE 3
ZAog A &t ¥R A 8dA= THIF1, THI3BI,
THI3E12 57} A Fgo] Byt st ¢ 33l
78S 7= #F=2 AU ATHTable 1 and Fig. 1).

Table 1. Number of isolate from tomato flower and hive. Screening of antifungal isolates against gray mold pathogen

TF1® TF2 TF3 TF4 TF5 TF6 TF7 TF8 TF9 TFI10 TF11 TF12 TFI3 Total
Number of isolate 72 70 63 85 88 80 72 80 94 75 71 72 82 1,004
1" screen 4 11 24 20 7 15 37 29 35 25 10 28 13 258
2™ screen 3 11 4 10 3 7 14 11 13 20 5 9 12 122
3" screen 1 6 - 2 - - 8 3 6 6 2 - 4 38

TH1® TH2 TH3 TH4 THS TH6 TH7 TH8 TH9 TH10 TH11 TH12 TH13 Total
Number of isolate 71 82 93 82 71 78 66 76 - 87 68 71 80 925
1" screen 12 11 33 57 39 9 15 11 - 5 19 12 37 237
2™ screen 5 3 11 17 7 - - - - - 3 - 49
3" screen - - 9 7 2 - - - - - - - 3 21

9TF means tomato flower and the numbers after TF showed the sampling order.
»TH means bumblebee hive and the numbers after TH showed the sampling order.
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Fig. 1. Antagonism test against Botrytis cinerea. A: Bacteria was isolated from tomato flower samples (TF), B: Bacteria was isolated
from tomato pollinator hive (TH). Antagonism test was conducted in PDK media with B. cinerea for 7 days at 28°C.

Fig. 2. Enzyme activity test with the selected isolates. A: Cellulase enzyme test with congo red colorization, B: Protease activity test.

Table 2. Identification of the selected isolates using 16sRNA sequence

Isolate Identification Antifungal Cellulase Protease
TF2A1 Paenibacillus polymyxa +++ - -+
TF2E12 Paenibacillus polymyxa +++ A -+
TF2H2 Paenibacillus polymyxa +++ -+ A+
TF2H12 Paenibacillus polymyxa - - -+
THIF1 Paenibacillus polymyxa =+ A+ -+
THI13EI12 Paenibacillus polymyxa +++ -+ A+
TH13BI1 Paenibacillus polymyxa =+ e -+

- (no inhibition), + (very weak), 0-0.1 cm; ++ (weak), > 0.1-0.5 cm; +++ (moderate), > 0.5-1 cm; ++++ (strong), > 1-2 cm; +++++ (very
strong) (Nguyen et al., 2012).

22| E 088 54 4 A enzyme 24 AES JP3IStt. 2 A3 EvfE £3 S
Eulg 317] AlgojA AdE TF2A1, TF2EI12, TF2H2, oA EEE MAEES ol Aaglol FHe] enzyme

TF2H12 471€] colony<} Bo)A A¥kE THIF1, THI3BI, of thate] -3k A4S JERASITHFIg. 2).

THI3E12 37/HE ©]83le cellulase enzyme} Protease
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Fig. 3. Gray mold disease control effectiveness of the selected
isolate P. polymyxa TH2H2 in tomato. Error bars represented
the standard deviation of replicates.
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