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QA Zof Faligk 373 AELANA L Aol aFHT B AT
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1-3. A7 HY

7} vpdE 2 MWS 2875 2 734 PEMS 5 At
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O Bacillus MWS28, PEMS, Steaker

. A 234" 2 27 ASAE

O tArH Y+ Acremonium acutatum, Trichothetium roseum
O FANEFF : AF, AddE =
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LA WEde), AelgF ES, A3

A8 E, o, A Es

o A A S R AFALAAT=
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2. A7 W& 9 dy
21 AFEHY &
7h @A A HHE W FZA A
O AN FRAAZ. by
o 7| AtE npAH = WS 28 F#39] AR =g =328 93
HAMA Ay a5 AA
o TUle] HAEIVIE 3 X8 HIMAY red &4 FF
o FUIE BT HZT AFY U AS AAH L AU AAH 9
O A1 FZAA
AT FRdd T4
745 X ZHlo| Y vl HAHF S o] 83 FHA T A LA
° EodAdE5 YAA AT (1442 % 69
I A =
AFAE - wEA 9 69
G937 &£
o HIAEH A MWS 28 ¥ {3 APEMS 5 Al
: Bacillus MWS28, PEMS, Steaker
o WAV} S AY H 2 AFAY
- A Y Acremonium acutatum, Trichothetium roseum
- FAEF AR, AEdE
- ZARE  A7IE ARl AT AEE,
HAA Y =, o3l A
o AAS E dFAYAATFSE WAL, O FY] 5 ZXEAH =4
o AASIE 3 U EA TF ‘:“11]7} TA <, LAEA
. 53 =
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2-2. ATY &

$57b 3 3t AFHE puUdee A9 ¥sF A% st wek

I=ZAY 53L& AAITY. Oh e a. (01499 AFNES HY EEIIEYPS
Tricothecieum roseum 3 Acremonium acutatum o 2Jsle F=2 HAHE= A

Hxen F2 F571 =AY 77 EFS AE AdjdA s, 7HA, 9,
=7], EEFo] oA WPt F7)d HojEH E=9 W T4 S8t
A =48 xS T. roseum o ZA-F W E(Cucumis melo L.), 7= (Citrus unshiu),
Hlj (Pyrus serotina Rehder), Er}E(Solanum lycopersicum)s 2] Aol AR5 1% 21 (Pink
mold rot)s Yo7+ Ze=E BHiH v Atk (Kwon et al., 1998, Kwon et al., 2013a;
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Kwon et al., 2013b; Han et al., 2012). A. acutatum > Oh et al.(2014a)°] 2Jsle] =

o] YelFor HxE RuEYow T roseum 73 T FEEE EAoO
Ak 53] A4 ®AddFe] FEEUE I T AL AAAE T ol
A&Eo] x50 FHo| AAT] Astdant. B Wale mue] A Bt EFS =X

9 OAAES s EEbel Wsh oM s Qe 8Y Fé o FR

o
i
ok M
S

A F7kske Ze® I Utk (Oh et al., 2014b). otF FEH FAI7F glow
T87)o] detete] EASA HEm Estefa|el AMgL AREHA Fon WA=

=%, HEFoKPrunus persica) AEFHY T T W) ol
3k A ELA7E AZ=E (Zhang et al., 2017; Zhou et al., 2008). =% I L= o
79 20149 EI(Oh et al., 2014a)¥ T % AEFHHE FYHow AFxdnt Quth

53 A=Y AedA&ezs o gEdd 4dE&3Hi e Badllus%el B2
=
[€)

A5l = tlFEE29] Bacllus ¥+ cyclic lipopeptides(CLP)Q! sufactin, iturin, fengycin

T I FTHBEL AU ow fHstd ol BHY fEA bl wel

1
i
l
%0
o

B. velezenss, B. siamensis & &
o]Eo] A4tst= CLP fEAe 2+, FAF &3 B ofyegt AEY WYris<s
AN A AEY BEH Y vAAER 8o 2EHx AAEAE ZHATSHT 3
A=z AE9 sF5d, FAME 2 AFER5dd gk A7 ¥ (Guo et a |,

(Ongena et al.,; 2009, Fan et al., 2017).

y

o

2015, Borris et al., 2018).
2 dFdAE ZEIALSFHT o FXH+ o] 3 Bacilluss M28
5

NER LS 98 TAToldA, T2 AAAA 2
A~
T

AN SR FRE 49 Fed AVE GAA @AUSm BEs



EH3At. F 2300 #F T E= AIEHA 235 #AAAEFHI P 5
MWS28 FFE5 Adste] Algd FAEYE T AdtE MWS28 +5= 16s RNA 41 &

=92 chromosoma DNA F=2 3mle LB HiA oA

offt
ol
i
£
ol
ol
ol
=0
32
o
Ny
)
=)
o

16417 Bk HiUAIZ] B O F  InstaGene, Matrix(BIO_ RAD)S o] &3}
FZ35F9 . 16s rRNA F39] SZ-& 93t universa primer?] 27F (5-AGA GTT TGA
TCM TGG CTC CTC AG-3)¢} 1492R (5-TAC GGY TAC CTT GTT ACG ACT T-3)Z
o] 83}tk PCRE 2720 Thermal Cycler (Applied Biosystems, UK)S Al-8-3}] 98°Coll A
10%9°] denaturation & 98°CollA 10%, 55°CollA 30%, 72°CollA 18 A& 353
HE3 & mpxjgto g 72°Co| A 72zt HEEA#HTE. PCR O 4lES
1xTAE(Tris-acetate-EDTA) bufferg ©]83t 1% agarose gelollAl 303 7195 F
ethidium bromide2 <GA3te] UV-trans illuminatorol A WME=E  gelstdch. g<ld
Wl == MEGA-spinTM Agarose Gel Extraction Kit(Intron, Korea)2] ol wial A A gk

7L A4S S8 AlEAd &4 AHl2=(Macrogen, South Korea)E ©] &3+t

o

e A7) Ee] homology= o] BLAST Z 2 13(EzTaxon-e)2 o] &3l Hlw

i

=48t em, MEGA X9 Clustd WE °]&steq AT Z2FEE A4t AsE
248 neighbor-joining &312] & (Saitou and Nei,1987)& AF£3}¥ 3 1,0008] HHEo =2

bootstrapping(Felsenstein, 1985)< ©]83ly ASEE ¢4t 4" MWS28 16s
Az AEE= NCBI (National Center  for  Biotechnology  Information)ll

Jo

S 23l tH(Aceession no: MK208682). B. amyloliquefaciens 1852 A3 THLS 93l
APIS0CHB kit(BioM & rieux, France)E ©]-&3to] Astst HAA S AASAH.

SAHAT] ZEILAEE AL HEAU AT Hd AP HE FS
Tricothecium roseum®  Acremonium acutatum w55 H<9F Wol PDA  petridisholl A
28C 2 157 ksl FA"E EA ZAE Hemocytometer 2 XX E Al S 31

1.0x10° sporesmL == Al E3FATH

_12_



. MWS287F T2 d+8 HA

AdE Mws28 #F9 FadE FHL W dE ol&sidt. Bdde

PDAH| #| o]l 25C Hjj%k7] acutatume] F AR S 1x10°

>
\l
e
o~
=
o2
i
_|
é
3
)
>

sporedmLE A3 Z PDA platec] Z+7; 100ul S =23E T MWS28w 2] vl oFe] o &

—_

TSB(Tryptic  Soy  Broth)oll  24A12F  ®js d3+S  8000rpme®E 531
YA 2 (CT15RE, Hitachi Koki Co.Ltd., Japan) ¥, &< 1mlE 0.25um syringe filter

o
paper disc(Tokyo Co., Japan)oll 50ulZ2E 53t 183 @3] FFAIFHT. paper
discE HWYAFS =3 PDA plaee] A7FHE 7|F2E 3cm EoR 3X
X3l 28C  incubator(DS-14MC, Dasol Scientific Co., Ltd., Hwaseong, Korea)ol 4|
3UZE vlF ¥ paper disc =@ o UERE AR A A (inhibition zone)d] 27 & TIAE
U P} (Digimetic caliper, Mitutoyo Co., Tokyo, japan)< ©] &3l =43t

2. MWS28 & Hl g Ao o = IS A woldA|

A3 MWS282] x& IAIdEHAF Ui FXF S dolEr] fdl,
TSBolA v ket A3+ MWS28 w5 S-S 10,000GE  10%3F HAE8 st
Ao MWS28 FAE Edol 1x10%dl/ml, 1x10" cell/ml, 1x10°® cdl/ml ==
st AAEYE Aozl widF A wikdd, 108, 1009, 10008) =
3] A3t H T PDAC] 7U3F vl E FAIFF A acutatum I+ T. roseum?] T ARA 2 H-E

=5 A4 Hrteidd. A" FEFE Iml=E
H sttt
ZAoL-S & 2447, 48X, T2A1ZF A 2 2 hemocytometerS o] &3te] =433t}
EApEOLE (%) (Tobg A/ HA EZAF) ¢ 100 0 & SHATH

Ade BAYZAE 1x10° sporedml7} =
stlom  24well  plaeg ol 83stR GRS E 28C  F7]9

T
O
off

o TE UL ol$d TE AASW A

AW FEEH =Y =ATAY AAdY EFY FH 7-8eme oY

_13_



FZ2IRHE AEsIY 9SS ¥¥ Ydxmz FdHEHPT. o AHES 5000ppm
Bagks  o]&ste 18X #FEWH Adsted Ade]  AREEEH. A3
TSAH| Aol A HES =, 30C <IFHlolE oA 24A1%F F<F vl #59 colonyE

i)

A FH st B2} 34 3lal spectrophotometer(Optizen POP, Mecasys, Dagjeon, Korea)E
ol g3te] AFH] FEE IIlcdl/m=z =dste] o] gttt AetHe 2y
et 2= 9 A& 30t FASAH. L F, 200 x 200 x 15.00mm =ZL7]e
o2y A FHOlEC S4AY & tE AT 6718 o "Hx2AE FEst
PDACI A 1F3F vig® A acutatum® T. roseum ¥¢ FEY Y 2=(Y 5.0mm)
oqdsl "= dd rhedHdd AFsHa o =do® 27C Aol 543
HjFstAth Ad ¥ 3RS o Eg 6/ el Hxa 7 HRkEF

=

Lo

i

—_

mlo

. MWS28 A8 T%o| WE T= Jo o34aA

olgste] Y TxzaE AHIAL EE Jde FUAES YL MWS28
TSAMlA o] Wpstn WEeE M@ AL WS Agsdh Ardgee

k

SpectrophotometerS o] &3] 239 FEE 1x10% 1x10°, 1x10° 1x10°cell/ml= g2r3=
&, AgE o ARE 3027 AASAT. ARE T} Y 243 x 243 x 27.3mm
A719) Z2Yg A ZFolEY

&

A7retd 57 AAEHESE A

24717k AT
A BE MWS2eT S%A gAYl % = YASW A RH 23

FEY ZEFOIE ol§F WEHA UWA ZE FASY UH MWS28

479 AFgBaHE FXAI7] 8] AHSdA Q1 PEMS(Polyoxy Ethylene Methylpoly

_14_



=
=

Siloxane, Makupica SL, Hankook Samgong Co., Ltd.) 0.02%

+ < (Soudium alginate, Junsei Chemica Co.,

W g 9

A.  acutatum¥ T.

A
v

1 0.3% <47

S

zHg 9

Ltd., Tokyo, Japan)= Al-&

F3to] 28C 7] A

}el PDA] H

S

FAtt.

J

HAr=2

roseum-<

1x10°sporesmi 7} &

90%, =% 27C<l

incubator ]

FAtt.

J

EN,

d =8 MWS28 R3Ea 7 4%

Hr
4

Bl
E

—

IE S 70% ol €&, 5000ppm xtofH A4t

Table 1

A=

PAE ZR3tst

A

5

o 3

3}

Az

7z 3]

A

<

el

B

gl

14
Jo

FAHE MWS28

) o shol

HjF7 ol A 24413

Table 1. Different concentration of sodium alginate with MWS28 and 0.026 PEMS

Sodium alginate

0.05% Sodium alginate

0%

0.1% Sodium alginate

Sodium alginate
Sodium alginate

0.2%

0.3%

+

0.02% PEMS

+

1x10%cell/ml MWS28

ZF. MWS289] F7HEAFAE

}th. MWS28<& TSAH|A 9

Axs

==
T

=3k Az

MWS28F 3 2]

_15_



2477t B3F 30T incubatoroll Al HlSE #FE "ol 1x10° cel/mE 54k
A-gsklon, 002% PEMSSH 03% XM EE St AT T 2AE EF
AxsdY. Uiz FAZE  Difenoconazole((FE2A, 7dE)S  2000M 2 3] A sl
ARGt e 7Y &, dHE g YAULE 2AEIA .
2t w7 B MWS28 A & A7 #RE =AL

‘AR T 150 Ix10%cdl/ml MWS28 + HENI 0.02% PEMSSF 0.3%
dU4EE EFst] 27 XA 2EFo] AFE 7Y A SE 33 Ay F,
79 HAC R 43 ANBE AFHSIY E= 582 100ml EFFol AlFHE £9-S 1000
3|43t TSAEIA ol 100u % BHE=T AT 28C v ol 2443 Wi & FAH
oA 5 A= 9.

. MWS28 A BA = EA XA}

(o4
O

F7Fl MWS288 I Axol B
o2 33 A 3AT.

A AMedel YA A FF 2=

sttt Ag =& Table 2 9F 2 4

Table 2. Treatment condition of ‘Kyoho grape

Treatment Contents Amount(L)
Control Water control
Soil drench 1x10° MWS28+ 0.02% PEMS + 0.3% Sodium alginate 20L
Spray 1x10° MWS28 + 0.02% PEMS + 0.3% Sodium alginate 2L
XT BA 2AE BE, A4, AEAGU  FHE ALY BEE
OA g =A(PAL-1, ATAGO, Japan)E ©]-&3ll ZAeSal 272 729 22(CD-20CPX,
Mitutoyo, Japan)S ©]&3 ZAlstATh StEA oM ke 3w 1go] FZ= 81 (Etanol
ZH4  HCl = 85 : 13 : 2) 20mLE 21 25CoA 24N%F AAFE & F298
AAA R ARt AFHY 2mE FEE&W 10mE 3 Aste] 25T HAEddA 147
A28 o} spectrophotometer 2 530nmol| Al SA3IH T F QGEA|OII e F2e



[F StEAOLA $&F = O.D% x 10/1g (A1EF) x 100 x 1/65.1 ]

[}
B Mws28e] T iR 2HE HHMW

MWS287 2] i3S 93k HZA =1 4SS fsld 23+ MwWS28

TSBHl A ol A X3t & 30T incubatoroll Al 2447t &<+ vt #59 ColonyE

HFgo] 3 A38kal,  spectrophotometerS o] &3Fa]  1x10%cell/ml 2]
A diFub Al A (100ml)oll =3k 4AZE, 8AIZE, 12417,

100ul ¥ =3RS | T4

=
24X 7, 36AI7F ZFA OS2 gpectrophotometer 2 600nm=E A3 T Blanke

[e)

Az el e oFuk AMAE st oiFul AR e zAu &S oL

1=

paton

Table 3. Media campostion far aultivation of B. vdezends MWS 28 accoding to the diffaent ratio
of yead extradt in one liter volurmn with water

0,
Soybean flour 0.3% 82(;)
K phosphate 0.2% N Y east 0840;
Glucose 2% extract 1'7%0
0 )
Molasses 1.7% 3.4%

Table 4. Madia compasgtion far aultivation of B. vdezends MWS 28 accarding to the differant ratio

of glucose in one liter volurn with wate
0,
Soybean flour 0.3% 0.0o/o
K phosphate 0.2% 0.4%
. .\ k
Yeast extract 1.7% Glucose 1-00@
Molasses 1.7% 2.0%
' 4.0%

Table 5. Media compogtion for aultivation of B. veezenss MWS 28 accarding to the diffaet réio

of molasses in one liter volun with water
0.0%
o Lo 02
. 0
Yeast extract 1.7% * Molasses 01'8720;?
Glucose 2% .
3.4%

_‘I7_




Table 6. Madia compostion far caultivation of B. vdezendss MWS 28 accarding to the different
ratio of soybeen flour in one liter volurmn with water

K phosphate 0.2% 0.0%

Yeast extract 0.4% 0.3%
+

Glucose 1% Soybean flour 0.6%

Molasses 3.4% 1.2%

Table 7. Media compostion for adltivation of B. vdezends MWS 28 accar'ding to the different
ratio of K phogpate in one liter volumn with wate

Soybean flour 0.3% 0.0%

Yeast extract 0.4% 0.2%
+

Glucose 1% K phosphate 0.4%

Molasses 3.4% 0.6%

Table 3, 4, 5.8] =4 AESZ A3l HZAeo w=& AWsta Table 6, 7.9

AYAE AE 5 WAFY FAAE, Bobd, TE I ¥

k)
1
flo
o
o
e

T ZFe] folA HAHS SAS 9.3(SAS Ingitute Inc, USA)S 9]

2
=7 A W (Duncan’'s multiple range test) .2 5% 5ol A4 E4s19 0

ofo
ok

Duncan¥]

2-3. 9753 A3}
7b. AgHAE Re 2@ 5F

Atel A% MWS28S  16s rRNAGZIAY B2 A3  Bacillus velezensis
CR-502"¢} 99.93%, Bacillus velezensis NCIB3610"¢} 99.78%, Bacillus amyloliquefaciens
DSM77¢} 99.70%2] "¢ =& FAAES Bt AsS= 84 Z3 B. amyloliquefaciens
group’} 2 A AE AT 4 A}k (Fig. 1). B.amyloliquefaciens group2 16S
rRNAI 7129 FAHd o]

T E=2 groupl E olE Fall AFg FAHo] ErleshH
FAA BAS B 7ET 4 AtH(Dunlap et al., 2016). L&} HZ AFoA o]l E
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groupe] thAb AZA Apol7b AFE Bl A EAS Fa &St or, Table
8ol A9} Zro]  L-arabinose, D-xylose, mannose, trehalose ©]&A4S &3] &<l3 nlr}
ATH (Chun et al., 2019). wehA 53 24 Ax & #F& of =I5 g
E3 =9o] Hx ggomg B AF AFRE 7 xE ZUYEF =Idst9c).

Bacillus tequilensis KCTC 136227 (AYT001000043)

Bacillus sublilis subsp. spizizenii NRRL B-23049" (CP002905)

Bacillus subtiis subsp. stercoris DTXPN1T (JHCA0000000)

Bacillus halofolerans ATCC 25096 (LPVF01000003)
Bacillus mojavensis RO-H-1" (JHB00280)

tBacﬂ!us subtilis subsp. inaquosorum KCTC13429 (AMXNO1000021)

Bacillus subtils subsp. subtifis NCIB3610" (ABQL01000001)

Bacillus valismortis DV1-F-3T (JH600273)

Bacillus nakamuraiNRRLB-410917 (LSAZ01000028)

Bacillus velezensis CR-502" (AY603656)

Bacillus siamensis KCTC13613 (AJVF01000043)

Bacillus amyloliquefaciens DSMT' (FN397644)

Strain MWS28

Bacilus atrophaeus JCM9070 (AB021181)

Bacillus swezeyiNRRL B-41294" (MRBK01000096)
Bacillus licheniformis ATCC14580" (AE017333)
Bacilus sonorensisNBRC 101234 (AYTNO1000016)
Bacillus glycinifermentans GO-13' (ECW01000063)

Bacillus paralicheniformis KJ-16 (KY694465)

Bacillus haynesii NRRL B-41327" (MRBL01000076)

Bacilus gobiensis FJAT-4402" (CP012600)

—e
0.002

Fig. 1. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences of dgrain
MWS28 and the closely related species. Numbes at nodes are bootstrap values (percentages
of 1000 replications); only values more than 70 % are shown.

Bar, 0.002 subdtitutions per nucleotide position (NCBI accession numbe of MWS28:
MK 208682).
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MWS282] APIS0CHBS| A3tehz A A3, MWS28dF+= 343 L-arabinose,
D-xylose, Mannose, Threhadose T ®4aYsS =EF Z&3=d dislod B,
amyloliquefaciens=¢} B. siamensis + Threhdose &  EA433sHA Eole= EAO=Z
TEE ¢ dAoem MWS28 7+ B. amyloliquefacienset= -2 7| B. velezensis ¢} T
L FAAEES HolmF(Table 8) AdZdd+#S Bacillus velezensis MWS28Z

43593 NCBIl accession NO: MK208682& 5 =3} th.

Table 8. Phenotypic ,differences among srain, MWS28 and type drains of B.
amyloliquefaciens DSM7 , B. siamensis KCTC13613 , B. velezensis LMG22478

Assimilation DSM7' KCTC 13613  LMG 22478 MWS28

L-Arabinose w3 + 9 + +
D-Xylose w + + +
Mannose + w + +
Trehalose - 9 - + +

a) week growth, b) growth, c) no growth

1}. B. velezensis MWS287F 9] 378 AR

MWS28 59 HjgFo]le o]83te] Aacutatumy®t T.roseum
283 A= Fig2 B F99 2t

)
4
%
o

2
ftlo
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Control

A. acutatum

T. roseum

Fig. 2. Antifungal activity againg two casual organisms of A. acremonium and T. roseum
by treatment of B. velezensis MWS28. (Arrow : size of inhibition zone againg two casual

organisms respectively)

Table 9. Suppression of mycelial growth againg A. acutatum3} T. roseum by B. velezensis
MWS28

Inhibition zone (mm)
A. acutatum T. roseum

B. velezensis MWS28 156 + 0.6 408 + 1.6

Treatment
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A. acutatum¥} T. roseum®| A AP Z+7; 156 + 0.6, 40.8 + 1.6mm=, A3
o F WHUdd EF JAFEASH A acutatumETh T. roseum ol B3 o FAHS
eI AT TH8 S 2 20]&= Bacllustt 42 E%F bacillomycin D, fengycin, iturin A,
surfactin®} 22 cyclic lipopeptideE Ay 4tste] &A= UEPATE (Hiradate et a, 2002,
Kloepper et al, 2004; Chen et a, 2009). Maget 5(1992)2] AFZA ol 2JsHH iturin A,
sufactine SAldl A o, IHF S S Eolv o= d8Ad do. =3 B

amyloliquefaciens = 1AA, 23-butanediol52] 2EAS ZT2Eo| FHoJdl=

|

o,

=
AJskete] 2l &0 93-S Foh (Yang 5, 2011; Ramirez ¢} Kloepper, 2010). ©]¢} 22
&

40 HFo] B AFel FAIF MWS28 #F° FdEHE CLP 1FOl

t}. B. velezensis MWS28 &5 W& A glo o3 = AASH A9 T WoldA|

MWS28 o+ uj ol tigk A acutatum 3EZA} ol A= YA EE]ste] Bacterid
cdlS A7 F 0.25um(pore size)®] membrane filterS E3AIZ vt AAEFTY)
Aol 7HE Fdth 24X3E Foll= A ol AL o] FoA| A ek dthI), 4843,
72A17F Fof] A} olgo] F7Fe T (Table 10).

sy

Table 10. Inhibition of conidia germination to A. acutatum by bacterial cell and supernatant
of B. velezensis MWS28

Conidia germination(%)?

Treatment
24h 48h 72h
Control 97.2 a 99.1 a 100.0 a
Live cell of MWS28 (1x10°cell/mL) 6.3d 82c 10.2 d
Cell-free supernatant (x1) 82d 111 c 255 ¢
Cell-free supernatant (x10) 56.8 ¢ 578 b 777 b
Cell-free supernatant (x100) 805 b 90.3 a 932 a
Cell-free supernatant (x1000) 934 a 98.2 a 99.1 a

? Values followed by the same letter were not significantly different (P = 0.05) according
to Duncan’'s multiple range test (DMRT).
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St vt S A AT bacterid live cell HEolAE AT wFdd g
YA wg PFS dotgS Yehilen 7243 Folx Hols 10%H =
ot A e S e i tH(Table 11).

Table 11. Suppression of conidia germination of A. acutatum by bacterial suspension of B.
velezenss MWS28

Treatment Germination(%)?

(Bacterial cell concentration) 24h 48h 79h
Control (Sterile distilled water) 97.2 a 99.1 a 100.0 a
Live cell of MWS28 (1x10°cell/mL) 6.3 de 82d 10.2 d
Live cell of MWS28 (1x10"cell/mL) 90d 224 ¢ 29.1 c
Live cell of MWS28 (1x10°cell/mL) 611 c 673 b 68.3 b
Live cell of MWS28 (1x10°cell/mL) 712 b 9.2 a 9.1 a

Vaues followed by the same letter were not significantly different (P = 0.05) according
to Duncan's multiple range test (DMRT).

oje} e AF}E Hol MWS28 o EAWolSA = HjdFHo E3E gt
7 ®mut olyzt MWS28TA 7 WA EAHZ 93 #AMA] g3 &4

Zo n 5 AdAEHe] AL T Aoz AAHEY. 4dIdd MWS28e EEE

i
re ox

i
o

2 A acutatum FF9| EAEOy A= ZAoE Kol 1x10° cfuml ©]X2
A7 25 LS AAETA N T8 a<1YdES & 5 Aok T. roseum A 2 <
FoA%E A acutatume] ZAFA FgH vl FAFES YEFRHOT T, roseum
T = wolg2 A acutatum ETh w9 WQ4Th (Table 12, 13). Lee a
al.(2013)] ZA3o] wW=wH, B. amyloliquefaciens subsp. plantarum CC110 Hjj ¥l 3}
bacterial cell A 2]7} Q0] =W & FLA JAsATE A7 AHE LRSIA=T
A4 oA = A =2¥H Fd EAEE BY ol FRFRTol
Bacterial cell®t 3]Astod A3 WHTe ZAdoldA] A= LI o

ettt & 5 o webA Ado] zte Aesddddd o A=Al
]_

12
bt

ol

e
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Table 12. Inhibition of conidia germination to T. roseum by bacterial cell and supernatant
of B. velezensis MWS28

Conidia germination(%)?

Treatment
24h 48h 72h
Control 114 a 201 b 412 a
Live cell of MWS28 (1x10%cell/mL) 00 b 91 c 163 b
Cell-free supernatant (x1) 00 b 112 c 213 b
Cell-free supernatant (x10) 00 b 171 b 323 a
Cell-free supernatant (x100) 00 b 222 b 342 a
Cell-free supernatant (x1000) 00 b 322 a 396 a

? Values followed by the same letter were not significantly different (P = 0.05) according
to Duncan's multiple range test (DMRT).

Table 13. Suppression of conidia gemination of T. roseum by bacterial suspension of B.
velezensis MWS28

Germination(%)?

Treatment
24h 48h 72h
Control (Sterile distilled water) 114 a 201 b 412 a
Live cell of MWS28(1x10%cell/mL) 00 b 91 c 163 b
Live cell of MWS28 (1x10"cell/mL) 00 b 202 b 36.2 a
Live cell of MWS28 (1x10°ell/mL) 00 b 26.3 b 382 a
Live cell of MWS28 (1x10°cell/mL) 00 b 322 a 411 a

Vaues followed by the same letter were not significantly different (P = 0.05) according
to Duncan's multiple range test (DMRT).

g = S o83 Tx FLEY JAEH

A ARE o] &3 AEAR A, FAYFANAE B AH & B
velezensis MWS28 A 2] ol A= 383%E MWS287] A& Huk Wzxgo] &
ZHA3HA Y (Fig.3, Table 14).

T. roseum ol 93 FAg o] W S 89.1%<1 whH, Al MWS28
At EE oA 200%e] WHE HAES YERYT (Table 15). EX=
A= HFA A acuatum I T. roseum o] thdk ZdF+ MWS28 #+F9 AHYaxs

WA 712 Saksl R 27 60%, 78% = MWS28 *2l7F & 3dEH ¥ & 9 dH

ol
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ARAME  adHo|lon FEBY  AHAAL ZAIex dAse= AFES

X 9 tHFig. 4, Table 14).

Fig. 3. Deceased lesion area to A. acutatum by treatment of bacterial cell of MWS28 in
young leaf disc assay (Left: Control, Right: MWS28)

Fig. 4. Decreased lesion area to T. roseum by bacterial cell of MWS28 in young leaf disc
assay (Left: Control, Right: MWS28)

Table 14. Decreased lesion area againg two pathogens of white stain symptom by treatment
of bacterial cell of MWS28 for young leaf disc assay

Lesion area (%)?

Treatment

A. acutatum T. roseum
Control 96.0 *+ 820 89.1 + 7.20
B. velezensis MWS28 38.3 + 9.70 200 + 6.10

3 Lesion area (%) are measured 5 days after treatment. The experiment was six
replications per treatment and standard error
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T %o B. subtilis B273 B29E A &3NS o,
AW FZolW (Botrti s cinerea)E& A A1eA 2™, B. subtilis KS1 ¥+ 5% AL FZo|H &
AA Sty RuFETh (Furuya et a., 2011; Maachia et a., 2015). Pretorius et
a.(2015)°l <J3tH B. amyloliquefaciens®] 3zl+ €4 vl Aol A Botrytis cinereas
AA st & AJko] B. subtilis, B. licheniformis, B. spizizenii 52| v} 2] A4
3 Hryskal ATt (Pretorius et al., 2015). o9} & Ao EAS

HuslHE 2= JdEH oigk B. amyloliquefaciens &3+ 4= T2 Fol B3

7 =S AR AREY. = IE LSS =AZAZY ofdde THEHAE
73

u}. B. velezensis MWS28 A& %o W& X% 9] <3 HA

1x10%el/m %8 A3 oA mekst ZuWa o] R} RS
TACRE AW RoAy Az FAVE gle = AT A4 obFd IA
a3E JehgA 2gtth(Figs). wetd Mws28 xE F o Hdde] FAME JA o
M a3Folgdd x10%cdl/imle] FEE BEY Axstolm 9o oks) F4glol

BAEe oA ¥ 5 AL AoR Az

Rep.1 Rep.2 Rep.3 Rep.4 Rep.5 Rep.6
-~ 3 i r'---\ - v, .\ A
i { ¥ %" A /A"‘"
1x10° MWS28 | { ) J) : } &
‘q_‘__) \__/ L b __,/ \\“__:’
\ B LN,
XI7MWs28 | b : ety
= " S 2
1x105 MWS28 )

%105 MWS28 | )

Fig. 5. Tes of leaf demage by different cell density of MWS28 on grape leaf disk
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vt 234 B. vdezenss MWS283 A E8A T o3 & ALSY A& S

EI= HAE o] g3 VA MWS28HF AHEEH}E A acutatumel] o]
X% FIdEHo A= 0.02% PEMSS 0.3%2] sodium dginaes &3+ A&7l =
T Eo] 19.6%2  7HF @ttt (Fig. 6.).

=]
(=]

[ =]
[=]

o
=

=
S 70 8} a
= \ a
2 60 T ab
w 1
5 50 j
@
S 40
72.9 i 65.5 56.7
2 30 01 527 b
5 :
20 438 J
10
19.6
0
Control PEMS Alginate MWS28 MWS28 MWS28 MWS28
+ + +
PEMS Alginate PEMS
+
Alginate

Treatment

Fig. 6. Suppression of white stain symptoms causing A. acutatum by combined treatment of
B. velezensis MWS28 on postharvest grapes ‘Campbell early’. Treatment of bacterial and
conidial suspension was adjusted as 1x10%cellsml and 1x10°spores/ml respectively. The final
treatment was added as 0.02 of PEMS and 0.3% of sodium alginate. ® Means followed
by a same letter(s) in the column are not significantly different by Duncan’s multiple range
test (DMRT) a p=0.05" Values are means standard errors(z).

S, MWS28E o= X3t Hfole 655%2 LHES Uehd o=z Hol
MWS28 3+ 0.02% PEMS®} 0.3% sodium alginate?] &3z & 3¢ WA=R
A esES A T 5 AU ol e A= T.oroseumel] ¥ X% IIEH

LA AR 5L e 2o uf-9 1572 oA t(Fig. 7).
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2 ¢
= | c
S 60 l '
e
- 23 B89 8.1
T
3 - |
@ 40
814
2 d
o i .
20 l
178
0
Control PEMS Alginate Mws28 MWS28 MWs28 MWs28
+ * +
PEMS Alginate PEMS

L 4
Alginate
Treatment

Fig. 7. Suppression of White stain symptoms causing T.roseum by combined trestment of
B. velezenss MWS28 on poshavest grapes ‘Campbell early’. Bacterial and fungal spore
suspension was adjusted as 1x10%cellsml and 1x10°spores/ml respectively. The final
trestments were added with 0.02 of PEMS and 0.3%of sodium alginate? Means followed
by a same letter(s) in the column are not significantly different by Duncan’smultiple range
test(DMRT) at p=0.05 ® Values are means standard errors(x).

AgE PEMSE 714 A ARAR S ob 58 slzolA WA He
groE 5% Bofe MHAZ AS¥L YUk Sodum dginaes ool

g
Pelg A9 JRoE BesetHoR oy AY Wuk ofet Aol s7h glo] LA
A

2

o
do
et
off
1>
]
S
o
(o
ku
ut
=
(i
oh
X
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ofo
(i,
o
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3

<
=
(o]
oo
-
S
o
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2

G
7 G209 Sodium aginate A2 Aloll= E&AEeA] ¥ ATl vls] ZESH e

AESHA A G312 SUA71H, Alternaria 9 dginaes T8 A3 A S w= nYE
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A zAZA &35 FAAHT (Gent et al.,2003; Lumsden and Locke, 1989; Walker et
al., 1983). Mclaughlin 5(1992)2 Yeast®} dginaes <8 Ax3 A7l dz=+
A Eo A Adlggol o AAE XA K ol#d Az Ho}
Ak A MWS28 7 o83 =5 IdE] AEYA &8 Sdldde PEMSS}
sodium alginate®] EHA 27 wi-¢- FE&FS & F Ao (Fig. 6.7).

A G214 $5¥E B. velezensis MWS28 B33 # 1%

Sodium aginates FEEHE AT A B A= Controlel B3} 0.3%=E
23S u, F2aFo] 3] 713 e Sodium aginate?] F=7} EolA4E Ragn
AuldstA FolAle s BT ol¢t HIEEA dHENAE RV HoldTE

oo Bode o+ ¥E7F E71E A HFig. 8).

1.E+09 o r 0.40
m Cell density (cfu/mE )

9.E+08 == Attached cell suspension (g) L o35

8.E+08
r 030

=
Q
= S
E 7E+08 | oas §
2 6.E+08 O
A ©
- 020 =
>

= . w
5 SEE %

c - 015
7] | ’ o
o 4EH0E o
5 z

- - 010
©  sri08 - =
: (@]
O 3
2E+08 - e o
S

1.E+08 . . 0.00

Control Sodium alginate  Sodium alginate ~ Sodium alginate  Sodium alginate
0.05% 0.1% 0.2% 0.3%
Treatment

Fig. 8. Bacterial attachment on grape surface by treatment of Bacillus velezensis MWS28
In the condition of alginate gradient

AFE ST A

rr
<
=
&
(o]
Y
1o
o
J

w2k Al Sodium alginated F%
Z93% ol9 & FHUF A. acutatum - T. roseum ol 93 T U249
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A4 Z2ee TF AVe ARAEJ] dde=z aREHA". geEe AlFe
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HaAe 9stels dadel Ahgo] Urtel B FEE AAs] Agotse @
A9 U F gomE AF WAAY ALE Aol T + Uk

o}. B. velezensis MWS28 8] 9] E71AZAH

I AdEHol Ad A

rﬂ

e T® BAA AIdF MWS28S A3 A

Y
71%R o™ ) Z<FA|2 Difenoconazole * gl 15.3%= A

d
N
AU
lo
ok
e
oz
rlo

a7t AHEF F 7MY st o Adgd WA= 35%, MWS283 0.02% PEMS
2 0.3% sodium aginaeE HIAEFT A= 20%=  38E kel Difenoconazoled}
AME 25 A AdSHT HA 2HE UEF ATH(Fig.9., Table 15).

Jo

Fig. 9. Suppression of White stain symptoms on grapes ‘Kyoho by B. velezensis MWS28
treatment. Diseased grape (%) examined treatment after 7 days. (A) Control treatment (B)
Chemical spray of Difenoconazole (C) Cel suspension of B. velezensis MWS28 (D): Cell
suspension of B. velezensis MWS28 with 0.0260 PEMS and 0.3% sodium alginate.
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Table 15. Suppression of White sain symptom on grapes ‘Kyoho by treatment of B.

velezensis MW S28

Diseased berry(%)? per

No. of white stain symptom

Treatment grape bunch per each berry
Control 71+4.50a 15+1.50a
Difenoconazole 15+2.20c 2+0.30c
B. velezensis MWS28 35+7.60b 8+1.00b
B. velezensis MWS28 2042.90c 2+0.50C

with 0.3% sodium aginate ¥
LSD(p=0.05) 15.1 19

Waues followed by the same letter were not significantly different (P = 0.05) according to
Duncan's multiple range test (DMRT). The experiment was six replications per treatment.
The experiment was conducted twice. Grape fruits were sprayed with B. velezensis MWS28
cell suspension 1x10°CFU/ml) according to the different treatment sin the condition of
natural disease-infesting field. The diseased berry of each treatment was determined by
rating the number of diseased lesion per each grape bunch and per each berry respectively.

A+ =71 W B. velezensis MWS28 X8 & Al71E8 &+

MWS28 A&+ deds Ao dxzsta AZER o "R v A

T 5210 cfumB e 79 & 714
A& 5.6x10°%cfumZ 7+A3sHATh

1.8x10°cfuml ¢ #83 YUEZS FX 3o}
olste] FT=7F 2 AY A¥dHY F+ aFNE Y &

N
-\
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HEF o 2 106cfu/ml
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1x10% 4

1x107 -

%102

Bacterial population(cfu/mL)

SAx108 T T T T
Odays 7days 14days 21days 28days

Days

Fig. 10. Seasonal change of bacteial  population of Bacillus velezenss MWS28
on 'Kyoho grape fruit.

2}, B. velezensis MWS28 A 8] Al 25 &4 A}

MWS28S EF st 3 HEE Stu 7Y Fol B 2AE @ A3 FAe

iy

74L& Controlol] vl&| EYAFE 3 A 42mm, JA EFAYXE 3 4L 34mm7}

Zith QtEAolA $FES Controlo] HIE| MWS28 EFAELIL 250% =hA|

an

EAA fodE AHEA GYth FEE EG BE7h b B9t BRAE)

Table 16. Grape fruit promotion by trestment of a probiotic bacteria, B. velezensis MWS28
on ‘Kyoho' variety in farm house(2018. Aug. 20)

Treatment Berry diameter Sugar cc_:ntents Anthocyanin
(mm) (°Brix) (g%)
Control 23.0b 16.8b 3.3a
MWS28 Soil drench 27.2a 14.7c 3.6a
MWS28 Fruit spray 26.4a 18.4a 5.8a
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Fig. 11. Seasonal change of sugar content in grape fruit by different application of a
selective drain of B. velezensis MWS28

A4S doy7] yEOE FAHEY AAZE MWS28 #F2 EUAF & ZAAZS
ZAst ZAPRIH ES#HE AUt 3 "HoA 295 & AR A" uebA

3 23}t (Fig. 11, Table

H

6).
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7}. B. velezensis MWS282] o Ful Hduz] =AHE FHFHAE

Yeast extract ®%=o| AHgH A7 A= At ¥EE  spectrophotometer =
=A% A 36AZ Aode 04%°1A4 MwS282 AE F=7F 7bE =9ka 1.7%,
34%°1 A vl FE9 UGS HATh Yeadt extract 0%l E 7 F AHFLEE
UeEt AtH(Fig.12). ©ebs MWS28 9] Adu o= 04%9] yeast extract 7t
Fdg 5 AT( Fg. 13).

25 -
=y east extraction0%
==Y east extractionD. 4%
2 - Yeast extraction0.84%
= east extractionl.7%
==Yeast extraction3.4%
€ 7
| =
o
o
© 4]
o
O
05 -
D T T T T 1
4}/ 8h 12h 24h 36h
_DS -

Hours

Fig.12. Bacterial growth of MWS28 by different composition of yeast extracts in basal

media
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i S lUC SR 0%
sl Glucose 0.4%
27 ——Glucose 1%
i (5 lUCOSE 296
—
E 151 ——Glucose 4%
o
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O
D G_E -
ﬂ T 1
2dh 36h
-05 -
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Fig.13. Bacterial growth of MWS28 by different composition of glucose in basal media

Glucose= 1%, 4%7} Hl<=3F AL BT 36A 7HAA 1%oA 7F =gt
et MWS28 772 BAaU o249 glucose FHS 1%= FHHT (Fig 13).

s [0 la5se 5 0%
= I 0lasses 0.4%
=== Molasses 0.82%

s |0 l33585 1.7%

[
i
i

=i o lasse s 3.4%

O.D (600nm)
=

36h

Hours

Fig.14. Bacterial growth of MWS28 by different composition of molasses in basal media
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Molasses ZZ oA 36417+l  spectrophotometerE =43+ A3 0%l A4 O.DALO]

0.776°] Y& Aol B3] 34%°)A 2297 ko] UL Ao E Hol Molasses 3.4%, Yeast

extract 0.4%, Glucose 1%7} thFur A uA] ARo 7 dure Ao g HIT(Fg.

14).
Fig 12,13,149]
HAg st wj g

16 A
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1.2 -
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0.4 -

0.2 -

0.8 -

ANed A3dE EUE Soybean flour?t K phosphate?] ZAE-S
=743 0.DFS Fig.15 ¥ Fig.16 ©|t}.

e Sy b 2an flour 0%

e Sorglr2En Tlour 0.3%
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Fig.15. Bacterial growth of MWS28 by different composition of soybean flours in basal

media
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