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Abstract The white stain symptom on grape vine (Vitis vinifera L.) was recorded as one of new disease in
Korea. Two fungal pathogens of Tricothecium roseum and Acremonium acutatum are casual organisms for the
disease development of white stain symptom. In this study, Bacillus strain MWS28 was selected as one
among the biocontrol agents based on antibiosis screening against 4. acutatum and T. roseum. The selected
strain was identified as B. velezensis MWS28 by 16s RNA sequencing data analysis. The strain MWS28
inhibits the mycelial growth and spore germination against two pathogens strongly. The leaf disc assay
displayed, control values as 73.1%, 80.3% against 4. acutatum and T. roseum, respectively when treated with
MWS28 suspensions. When grape fruits were treated synergistically combination of MWS28 suspension with
0.3% sodium alginate solution, there was a greater suppressive effect than treatment with MWS28 cell
suspension alone in field condition. Thus, this study indicated that the biocontrol of white stain symptoms is
possible by treatment with MWS28 suspensions under field conditions for eco-friendly farming.
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S (Vitis vinifera L.y= 7453Fo] A3 43k 7]1504
ZH“H*]”\: IrE 45 F57F =3 A HEEE
eke] 75 Heligol o3 a7t g 3 == o<l

Az EE}*‘ TR AAEORE AHHE
o} 91 %é!ﬂr SH5S A%} Oh et al. (2014)
9 A= HH L Tricothecium roseum =}
Acremonium acutatumoﬂ oJsto] T2 WA E= Ao Hs
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How F2 FErb EAG F7)7F BFE AL AulelA
WAL, 7HA], 9, 271, EEFo] SollA wHsh 78]
of Hoje™ 2=e] FHlol| S48 S7tete] BAA &4

o=
< 2} T roseum 9 735 BE(Cucumis melo L.), 7
2 (Citrus unshiu), W (Pyrus serotina Rehder), EFFE (Solanum
ycopersicum)s2] oA H-ZHH 21 (Pink mold rot)S
dodle Aoz HH vl ok (Kwon et al., 1998; Han et
al.,, 2012; Kwon et al., 2013a; 2013b). 4. acutatum < Oh
et al. (2014a)°l] &J3t] L= SALFH ] YRAFO=E HE2
RIENCH T roseum o3 T3 7::L He 540l A
53] =AM Wedsto] AEH

M BAo] A&Ee] L] FHo| 3
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Walle =] 749 #rt e =4 @AM X
TE7tel Sal7t Bow 2717t ukek 89 T ol
g o] A4 F7lshe AoE deiA UTHO et al.,
2014b). o}# TEF A7 glom 7)o Qubsto] W
A HBg spetepr| o] AR AAEA] Fom WA
oje] - Agolth

o] A AEAD WA= Bacillus subtilis, B. amyloli-
quefaciens 5 Bacillus & PIAYES o83 & =gy,
LGN Prunus persica) WAFH & Thgst Haljol ojgh
AEWA 7} A =E AT Zhang et al., 2017; Zhou et al,
2008). £ A=l 749 2014 R (Oh et al., 2014a)
" Xx AR Fuljeer At gl 53] 2
=Y A=A RE tde A= A83HE e
Bacillus%9] B2 $E°] sdHew &8¥y 1 712 o
Te st A7E et w2 AMEE gEE
9] Bacillus ¥ cyclic lipopeptides (CLP)Q! sufactin,
iturin, fengycin 5¢] &+t SA=EE Aikele AR #
gotH ol =29 F=A vl wet Halle] AAEd
o] deAH, HFAAE FHI FHF S wdt B
amyloliquefaciens, B. velezensis, B. siamensis%. T3l
2AtH(Ongena et al., 2009; Fan et al., 2017). ©]E°] 2k}
E CLP #=A1E xlet, PAl S} ¥ ope} 4159 ¥
75 SEAA A= A=A L A=A 89l &
Ef& AR AE 27 ol o AR Al v
o, #2042 AERs@ gt A7 Brh(Guo et
al., 2015; Borris et al., 2018).

2 AFoM e EEIALSHF] et AxlF 4ol

A IEE Eo|7] flate] AHelE EYAE 1gd A4
H4(NaCl 0.85%) 9 mlS F7}18ke] 80°Ce] G20 6057+
St a3 AT HEE WA X H ERAE
© 1ml tubedlA] 1072-107¢] FE=2 5]4]3te] TSA =] o|
SRlaL, 28°CollA] 247k wiFaIGiTh v & @Y =
Us Zesle] sgidsia, 20% FEAde] g
cryotube (1.5 ml)ell FESH th3 -75°C A& WEalo] B
Hslath F 23000 FF F A= FLEHT 2590 FAHA

o

A&7} 7P 423 MWS 28 @55 Algol A8
E% A5 gk #AMEE AAAFLE 797 PDA A
el wiFE 4. acutatum™ T roseumE T2 B
7 5mm)Z ZEhd t]23Z PDA7F BFH 87.5 mm 7]
o] HEZ HH¢] Tl A8t 29 3 em HX|o 27
8 mm?| Fo|HTAAE YISt TSA 2447+ vl st
OD# 1082 24€ &8 &5 Y 0.05 miE sHo]d
H&3o] A7 v 28°C o AR AT vl FabH A
FARZAA B3t ek S el

AHE MWS28 5+ 16S rRNA #4918 §3lo] 543}
ATt 2 gE2] chromosomal DNA $&& 3ml9] LB
broth ¥iA[A 16A17F &<t HIYFAIZ] WSO R Insta
Gene,, Matrix (BIO RAD)S ©]&3l] FZ3I9th 16S
RNA 729 ZFZ%S 9I3t] universal primer?] 27F
5(AGA GTIT TGA TCM TGG CTC CTC AG)3'9} 1492R
primerS(TAC GGY TAC CTT GIT ACG ACT T)3'E o]
4313 th. PCR2 2720 Thermal Cycler (Applied Biosystems,
UK)E A8-3ted 98°CollA 10%2] denaturation & 98°Cell
A 10%, 55°CellA 30%, 72°CoIA 132 gL 353] uHast
F e Ere g 72°Co A Tk WREAIZTE PCR AHES A
719 F AL 2APllA Wies gelseitt. Skld
1l == MEGA-spinTM Agarose Gel Extraction Kit (Intron,
Korea)o] ¥WHol wa} A & 47149 2498 28l A
A2 FA AH]22(Macrogen, South Korea)E ©|-&3}3it}.
16S rRNAS 435 MEGA X Z21#0)A Clustal WS
o] &3l] G71MES A8 F(Chenna et al., 2003) H7]
A E<] homology= 79| BLAST 2213 (EzTaxon-€)<
o] g3t Hlo|HE Bl A5t 2™ (Chun et al., 2007),
MEGA X Z2IH& ol&sto Alg +FEE 2
AEE 2Hd2 Neighbor-joining &372]5(Saitou and Nei,
1987y AME-SF9AL, 10003] WHE-O© 2 bootstrapping (Fel-
senstein, 1985)S Fa4sto] AELE 2H ST

FAE MWS28 16s 5714 A 2= NCBI (national Center
for Biotechnology Information)ell 553} th(Accession
no: MK208682).

B. amyloliquefaciens group] et 54-& $l3l A3}
A2 Arlsiint. sk 442 vl wet APISOCHB
kit (BioMérieux, France)g ©]-&-3t A5ttt AdE
(1.5 ml Nalgene)ol] Fo} -70°C A4 W5alol] HE3IS
™ TSA wiAlol] &7 A&l T3t TSA 1
G A SRTN sl v ¥R Ik
A AY HEPoZ ARSI FAIE YA
AEFS I el st AP BE S

i)

Tricothecium roseum®} Acremonium acutatum 4-5=

wol PDA APHEjA|o] HEsle] ARESIATHON et al.,



Bacilus velezensis MIWS282 0|25t T SU2Hol MSX HiT| Biological Confrol of White Stain Sympiom on Grape Frult by Bacilus velezensis MWS28 347

2014a). T roseum@} A. acutatum w55 PDA FEZ|t]<]
oM 28°C2 157 v st P FAEAE vl
Evetg ¥ArE ASste ml d A7 1090471 5

=8 FEg 23k

MWS287Fo| &7d HE

A MWS28 #5e] & SA4E flske] 1x10°
spores/ml F=F ZA3 A acutatum¥ T roseum®] XAFH
Ell S PDA platee] 2t} 100 plE =239 th. MWS28
o] wjkedd S TSB (Tryptic Soy Broth)ell 24A17F wjokst
S 8,000 pmeZ 5%7F U4E2](CTISRE, Hitachi
Koki Co., Ltd., Japan)%-, 1 ml2] “35HL F3t 0.25 um
syringe filter (AD. 13CP045AS, Advantec, Houston, TX,
USA)E o|&35ty oJ3s1itt. A7 8 mme] paper disc
(Toyo Co. Japan)ell 50 ple] A&t vjFoidS E5=31aL 1
B2 943 E4A17] Fo PDA plated] A7HeHS 7]F
02 3cm "o 3 2dsITt. 28°C  incubator
(DS-14MC, Dasol Scientific Co., Ltd., Hwaseong, Korea)
oA 397+ Wi ¥ paper disc S#|ll WERE A A X]Th
(inhibition zone)®] #73-& YAE 2K Digimetic caliper,
Mitutoyo Co., Tokyo, Japan)E ©]-8-3}] Z4 33T}

B. velezensis MWS28 =3 Hi o X{2|of 2§t Z= &Y
S8 ZX Lol

B. velezensis MWS289] 23+ X &= I GEH Ao EA1]
AZ FHs7] Ysted TSBolA 297 wjksk A3
MWS28 Bl L 10,000GE 1057+ YA Ee)sle] Ao
I FAFOE FEg vhy e Al ek A A
95k 0.25 um syringe filter (AD. 13CP045AS, Advantec,
Houston, TX, USA)E &7 /el o] wieliAz]
£ wiekel ) 108, 1008], 1000812 323 T2, PDAO]
A 747y wlFE A acutatum T roseum dAA|ZE-E 4
g5 BAIANE ml T 1 x 10707} HE2 A7 d9= 27}
stch A" MWS28 FAlE sl e] JaS A A5
9ste] AFEFFE 23] spindowndte] o H-o] ujoFelS
AABE 1% 10° cell/ml, 1 x 107 cell/ml, 1 x 10® cell/ml &
T2 5o wjokl AHzjo} 7 Wy g Wdd IASE
Z7gste] MWS28 #A s w2 EAPEOlYA| {5
Atk el %S 1mlZ H51eH 24 well plates
o433tk el g vhal A BE o 270 28C FL7)4
HIFAI 71T 24417, 48AI7F, T2A 7 7HA S 2 EAhEolg
< durtel EHERS o] &3] ST TAL oS (%)
& (T EAR/AA EAF) * 10022 St

et A T =AY Aade] F59 37
oS AF st AlH T 4°ColA 124]7F 93
s} A7l o 22.5mm 23 B (Cork Borer No 12)&
AMgale] 98 9 tj=aE A oldf HHE o
S AE W ez ofdd oz AFHA7] ] AAGle]
A% F3kste] AR 200 x 200 x 15.0 mm 271¢] =
gtg AME FEolEd FAAT $ g AT 7o o
Y235 ZE3k thS PDAYA 157 viE A, acutatum
I T roseum ] FZUY TI2A($ 5.0 mm)E A ¢
23 A 7hedd HEekiih o 2Ae® 27°C
olEo X 5UZF Wi -, tAAF WA AL
A2l kRSl on vHEg o] o tjAaaEs As)

B

o3

HE4A2] PEMS (Polyoxy Ethylene Methylpoly Siloxane,
Makupica SL, Hankook Samgong Co., Ltd.) 0.02%% A&
9, At Axe ExaW HFA FAE $lsY
0.3% %712+ (Soudium alginate, Junsei Chemical Co.,
Ltd., Tokyo, Japan)S AR-sISiTE ¥ WS ¢lste] PDA
of HEsted 28°C 271004 1577+ MiYAIZ A. acutatum
I T roseums AdERTE st 4] wrrt
1 x 10° spores/ml°] H|=%2 24} ch, F0)¥ A3H
2] B2 25 ¥ o 2407 FAS o B
T AEeITh 429 ABE % 90%, 2% 27°C8]
HolEo] gxA0RE sto, 7d & A+ T 10¢S AA
slo] HukREE ZAFSIATH

B. velezensis MWS28 X 2|2 S7IAZSAIE

Ix JAFHYo] AHAoE ke A% A &
A vdE-s AREE ATt 14EY 10501
Z1zte] A2 ¥R Xxgold 8Y TR 1FHH0E 3
3] BF AEETE 3 A MWS28 TSAC 244]
7F %<t 30°C incubatorol|A] HE #FE AAEFR
1 x 10° cells/mlZ 3)A18le] AR&-3lom, A3 0.02% PEMS
o} 0.3% LA FFste] AT T 22HE B 4
zagig. tzofle HilleIUE(FE, 24%)E 2,000
H|Z s|Aste] Axsigint A 74 &, WS 2 WAL
£ AT B X5 Skl

2
O.
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Bacillus tequilensis KCTC 136227 (AYTO01000043)

Bacillus subtilis subsp. spizizenii NRRL B-23049T (CP002905)
Bacillus subtilis subsp. stercoris DTXPN1T (JHCA00000000)
Bacillus halotolerans ATCC 25096 T (LPVF01000003)
Bacillus mojavensis RO-H-1T (JH600280)

Bacillus subtilis subsp. inaquosorum KCTC13429T (AMXN01000021)
Bacillus subtilis subsp. subtilis NCIB3610T (ABQL01000001)
Bacillus vallismortis DV1-F-3T (JH600273)
Bacillus nakamuraiNRRL B-41091T (LSAZ01000028)
Bacillus velezensis CR-502T (AY603658)
Bacillus siamensis KCTC13613T (AJVF01000043)
Bacillus amyloliquefaciens DSM7T (FN597644)
Strain MWS28
Bacillus atrophaeus JCM9070T (AB021181)

Bacillus swezeyi NRRL B-41294T (MRBKO01000096)
Bacillus licheniformis ATCC14580T (AE017333)
Bacillus sonorensis NBRC101234T (AYTN01000016)
Bacillus glycinifermentans GO-13T (ECW01000063)
Bacillus paralicheniformis KJ-167 (KY694465)
Bacillus haynesiiNRRL B-41327T (MRBL01000076)
Bacillus gobiensis FJAT-4402T (CP012600)

97

84

0.002

Fig. 1. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences of strain MWS28 and the closely related species.
Numbers at nodes are bootstrap values (percentages of 1000 replications); only values more than 70% are shown. Bar, 0.002
substitutions per nucleotide position (NCBI accession number of MWS28 :. MK208682).

Table 1. Phenotypic differences among strain MWS28 and type strains of B. amyloliquefaciens DSMT7", B. siamensis KCTC13613",
B. velezensis LMG22478"

Assimilation DSM7" KCTC 13613" LMG 22478" MWS28
L-Arabinose w? + + +
D-Xylose w + + +
Mannose + w + +
Trehalose -9 - + +

2 w: weak growth, ®+: growth, 9-: no growth

SHEN Jaciens group¥t & AEQ ZS IRIT = USATHEFig. 1).
Agm| A= AT E T Bt dAMA, Hols, I B. amyloliquefaciens group< 16S tTRNA F71AEe] FA}
A F AEE ol &S M 7] FeHE-E SAS 93 do] mj§- =2 groupS E o] & Fal et Tl Brbs
(SAS Institute Inc, USA)S ©]-8-¢+ Duncan®] T4 s A 248 Bl R  deS BaEyr 9L
(Duncan’s multiple range test) 2.2 5% G=ollA] 54 £ (Dunlap et al., 2016). &} ZZ AFolA o] group®]
skt AE ARl Zpol7t s Bl A 24 53 &
913}%12. ™, L-arabinose, D-xylose, mannose, trehalose ©|
Zdn g na 895 T3l g1 vl ATH(Chun et al,, 2019). A=t
MWS282] APISOCHBY| As}etd 74 A3}, B. velezensis
ZEn| g2 &3 S EE FAMSS B3ATH(Table 1). whebr] A A3t
Akt MWS282 16s tRNA G7|1ME 4 Z3 B < B. velelzensis MWS28 (NCBI accession No: MK208682)

velezensis CR-502"9} 99.93%, B. siamensis KCTC13613" 2 st

9} 99.93%, B. subtilis subsp. subtilis NCIB3610™}

99.78%, B. amyloliquefaciens DSM7'S} 99.70%2] vi-$- = MWS28Z2 39| 78 ZHE

S FAEE B AlEe B4 A3, B amylolique- MWS28 #59] ajgodN e o]83to] A acutatumz} T,
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Bacilus velezensis MWS282 0|28t

roseum®] W48 AL Y Ad= Fig. 29 2 A
acutatum® T roseum®] AL 242t 15.6+0.6, 40.8 =
1.6 mm=, A&t o8 F Wt BF JA=HACH 4,
acutatumBT} T, roseumdroll 73t &+t 43S Vel
THEOE 2ole HHYAHES BF bacillomycin D,
fengycin, iturin A, surfactinZ} 72+ cyclic lipopeptideE A3
2bste] &teAdS et Hiradate et al., 2002; Kloepper
et al., 2004; Chen et al., 2009). Maget et al. (1992)2] A+

Control

A. acutatum

T. roseum

Fig. 2. Antifungal activity against two casual organisms of 4.
acremonium and T. roseum by treatment of B. velezensis
MWS28 (Arrow : size of inhibition zone against two casual
organisms respectively).
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ZA3}ol] 2J5PH iturin A, surfactine FA]o 218w, A
o S Fole AR deA Aok B3, B. amylolique-
faciens & TAA, 2,3-butanediols2] 2|48 T2 2o o]
st =28 AEle] A&l 9 FTH(Ramirez and
Kloepper, 2010; Yang et al., 2011).

B. velezensis MWS28 =5 HiFod X{2|of 2ft Z= &Y
EYFo| TX} wolqK

MWS28 5= vjdol] thet 4. acuratum EAFLOFA]
= 9AEE3I] Bacterial cell> A4 3 0.25um (EoJA}
o]z)e] HEH FEE TN WL () Az
N 7P FROH 2447 Foll= IApTolrt A o] Fof
A7 BTt 48, 72417 Foll= A} Holgo] Skt
(Table 2). A v Fl-S- A4t Bacterial live cell %2l
M At il Aot sdH mfg W dolgS
YERH A S 72A17F Tl = Wolg 10% A= ¢4k &
oA ES UJERNUTHTable 3). ©|9} 72 AH}E Ho}
MWS28 9] Aol = wjgHe] L g+t &4
BT o} MWS28A 7L W Hve] EA Sl 9%t
HAH| el ane] At S v B4 A EH] 2 T
Aoz Azperh. At MWS289 UEE ES4E 4
acutatum 58] XA SA|EE Z1o0 2 Hol 1x 108
cfuml oo 9% A7} L& JASH A=A T8
o 8R0S & F Utk T roseum AEe] ZfolE A
acutatum® FAAA Pt e AFS JEe™ T

Table 2. Inhibition of conidia germination to 4. acutatum by bacterial cell and supernatant of B. velezensis MWS28

Treatment

Conidia germination (%)

24 h 48 h 72h
Control 972 a 9.1 a 100.0 a
Live cell of MWS28 (1 x 10%cell/mL) 63 d 82 ¢ 102 d
Cell-free supernatant (x1) 82 d 1.1 ¢ 255 ¢
Cell-free supernatant (x10) 56.8 ¢ 578 b 77.7 b
Cell-free supernatant (x100) 80.5 b 90.3 a 932 a
Cell-free supernatant (x1000) 934 a 982 a 9.1 a

9 Values followed by the same letter were not signicantly different (P = 0.05) according to Duncan’s multiple range test (DMRT).

Table 3. Suppression of conidia germination of A. acutatum by bacterial suspension of B. velezensis MWS28

Treatment Germination (%)”

(Bacterial cell concentration) 24 h 48 h 72h
Control (Sterile distilled water) 972 a 9.1 a 100.0 a
Live cell of MWS28 (1 x 10® cell/mL) 6.3 de 82 d 10.2 d
Live cell of MWS28 (1 x 107 cell/mL) 9.0 d 224 ¢ 29.1 ¢
Live cell of MWS28 (1 x 10° cell/mL) 61.1 ¢ 673 b 683 b
Live cell of MWS28 (1 x 10° cell/mL) 712 b 96.2 a 9.1 a

Values followed by the same letter were not signicantly different (P = 0.05) according to Duncan’s multiple range test (DMRT).
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Table 4. Inhibition of conidia germination to 7. roseum by bacterial cell and supernatant of B. velezensis MWS28

Conidia germination (%)

Treatment

24h 48 h 72h
Control 114 a 20.1 b 412 a
Live cell of MWS28 (1 x 10%cell/mL) 00 b 9.1 ¢ 163 b
Cell-free supernatant (x1) 00 b 11.2 ¢ 213 b
Cell-free supernatant (x10) 0.0 b 17.1 b 323 a
Cell-free supernatant (x100) 00 b 222b 342 a
Cell-free supernatant (x1000) 00 b 322 a 396 a

9Values followed by the same letter were not signicantly different (P = 0.05) according to Duncan’s multiple range test (DMRT).

Table 5. Suppression of conidia germination of 7. roseum by bacterial suspension of B. velezensis MWS28

Germination (%)

Treatment
24h 48 h 72h
Control (Sterile distilled water) 114 a 20.1 b 412 a
Live cell of MWS28(1 x 10%cell/mL) 00 b 9.1 ¢ 163 b
Live cell of MWS28 (1 x 107cell/mL) 00 b 202 b 362 a
Live cell of MWS28 (1 x 10°cell/mL) 0.0 b 263 b 382 a
Live cell of MWS28 (1 x 10°cell/mL) 00 b 322 a 41.1 a

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

Fig. 3. Decreased lesion area to 4. acutatum by treatment of bacterial cell of MWS28 in young leaf disc assay (Left: Control, Right:

MWS28).

roseum o A2l XA} Wol-&-S A acutatum BT} v
Lo %S B th(Table 4, 5). Lee et al. (2013b)2] A3
£ HEW B. amyloliquefaciens subsp. plantarum CC110 8}
&7 bacterial cell 27} 2o] =atE FLa Al
sithe A7 2345 URsidiet 24 dopiAlde 4
Gt wi kol 23HE gt SYEA Wk ofet SRS
Bacterial cell?t 3] 5to] 2|3k WAo] Eapzold]
B U A A VeIt & 5 ok s 2
gatol zk= Aeddel tE A=A e 3484
Eolet Aglto] 25 Wt JEste] EApde} oA
S WA FAH Eafaae] At 5o #871de] 9
Ao Azt

b=

to i

s ZEaUEY N5 2H
o ARG ol g3 ARAA A}, MWS28 FHZ oA

= A acutatumol| I WRFAAEO] 96.0%%H 0
MWS28 2] oM 38.3%2 MWS287¢] #g]& Wuk
WA-Eo] & 7FAsStH(Fig. 3, Table 6). T roseum o\
ogk ¥ A2 89.1%< WHH, gkl MWS28 A X
T QoME 20.0%2] HHFHAES YER AT Table 6).
X FLEH A A acuatum T roseum®l 3+ A3+
MWS28 79 AH|aHs WAIE SHlejEH zhzt
60%, 78%= MWS28 A7} L= JF=8o] ¥=9 M
AN = apAo|lon e HAoA Y Axole
A 3l= A go|AtH(Fig. 4, Table 6). Fig. 32} 4oll4 9} 7+
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Table 6. Decreased lesion area against 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 + 8.20 89.1+7.20
B. velezensis MWS28 38.3+9.70 20.0£6.10

9 Lesion area (%) are measured 5 days after treatment. The experiment was six replications per treatment and standard error

Fig. 4. Decreased lesion area to T’ roseum by bacterial cell of MWS28 in young leaf disc assay (Left: Control, Right: MWS28).

100
80
3
E
=
> 60
b
-
T
?
g 40
2 d
[a]
20
0 . )
Control PEMS Alginate Mws28 MWSZB MWSZS Mws28
+
PEMS Alglnate PEMS
+
Alginate
Treatment

Fig. 5. Suppression of White stain symptoms causing I. roseum by combined treatment of B. velezensis MWS28 on postharvest
grapes ‘Campbell early’. Bacterial and fungal spore suspension was adjusted as 1 x 10® cells/ml and 1 x 10° spores/ml respectively.
The final treatments were added with 0.02% of PEMS and 0.3% of sodium alginate. a) Means followed by a same letter (s) in the
column are not significantly different by Duncan’smultiple range test (DMRT) at p=0.05, b) Values are means standard errors ().

o]

m
r&o_l

S0l o3k Hall54e A7 7-8 cm UREY] 4= TS A4S g th(Furuya et al,
01%%%"1] ’I‘Jf?} 3L Fuksle] 28°ColA] 3-49 T % 2011; Maachia et al., 2015). B. amyloliquefaciens®] %+
29 AL dojuby JFHL FAAZ HolA = 7- A Bla A7M Bomrytis cinereaE AA| Sk FHEF

8cm o] A (=3t A)lMe dEHo] TS| & o] Aol B. subtilis, B. licheniformis, B. spizizenii 52| v}
o BZ AAE faEiM e AEAH FE 7ok gt dejqto] Hls) %%3] =L b8k ATk(Pretorius et

Fro] AYE ¥ 7K AFE ey ¥: Yo B al., 2015). o]¢} 22 A3te] 54& H]E’_’Sﬁim =3
subtilis B272F B29E5 A28l ol AR 3|9 (Borrytis Ex0l| 3t B. amyloliquefaciens B T = ThE Fof
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Fig. 6. Suppression of white stain symptoms causing 4. acutatum by combined treatment of B. velezensis MWS28 on postharvest
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respectively. The final treatment was added as 0.02% of PEMS and 0.3% of sodium alginate. a) Means followed by a same letter (s)
in the column are not significantly different by Duncan’s multiple range test (DMRT) at p = 0.05, b) Values are means standard errors (+).
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Fig. 7. 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) Cell suspension of B. velezensis MWS28
(D): Cell suspension of B. velezensis MWS28 with 0.02% PEMS and 0.3% sodium alginate.
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Table 7. Suppression of White stain symptom on grapes ‘Kyoho’ by treatment of B. velezensis MWS28

e e ™
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 with 0.3% sodium alginate 20 +£2.90c 2+0.50c

LSD (p = 0.05) 15.1 1.9

“Values followed by the same letter were not signicantly 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 MWS28 cell suspension
(10 CFU/ml) according to the different treatments in 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.

Gent et al., 2003). Mclaughlin et al. (1992)2 &%9} &47]
AMEE £ AES A7t iAo Al ARl
o] A5 SRAITAL BALslgi). o]2jgh AE Ho}
A At MWS28d-5 ©]-8-3F =85 o] A

& Zdldl= PEMSSF ¢S] B34 7t vl f-&
< & 4 Ath(Fig. 6, 7).
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