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Abstract Bacillus amyloliquefaciens M27 was selected as a control agent for the biological control of
cucumber powdery mildew. The new mixture of B.amyloliquefaciens M27 and plant (Eucalytus) extract was
developed to improve the control activity of B.amyloliquefaciens M27 against cucumber powdery mildew. The
mixed formulation showed the high preventive and curative control effect against cucumber powdery mildew
when it was diluted at 500 times and foliar-sprayed. Its control effect was higher in preventive spraying than
curative spraying. When 500-fold diluted solution of the formulation was sprayed preventively four times at
five-day intervals, three times at seven-day intervals and twice at ten-day intervals, the diseased leaf area was
shown to be 4.4%, 8.0%, 27.9%, respectively; Whereas the diseased leaf area in the control plot was 45.4%.
When the 500-fold diluted formulation was sprayed curatively four times at five-day intervals, three times at
seven-day intervals and twice at ten-day intervals after occurred cucumber powdery mildew, the diseases leaf
area was 11.5%, 25.2%, 51.8%, respectively; whereas in the control plot, the diseases leaf area was 64.3%.
When the 500-fold diluted formulation was treated four times at five-day intervals in the plastic house, its
control effect was higher than that treated three times at seven-day intervals and twice at ten-day intervals. As
the results, the mixed formulation of B.amyloliquefaciens M27 and plant extract could be a promising
candidate of bio-fungicides for the environment-friendly control of powdery mildew of cucumber.
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Asfiote] FoAEH SAEES A TH Wright ef al.,
1990). 28]22 Q0] A7FFHol ek gslie 3 S+ 37t
Fro] WubHAgo] 20%Y o BAA SHo] dAGT
S} (Verhaar et al., 1993), S71FH 2] ¥ o] 50%0]4
A= A E L o] EAYEZAA o] AEANES B = 9l d Ao Qo]9] FaFo] 35% 7HAFTH(Belanger et
H BAEATE 35U WA 6dolH g Azt Al Mo al., 1998). olgjgt & EAS oAE] gt 3jshsoke]
A &2 ARgste] ghom, o] A} 7R WA ofAlel o
st e 7R A EH YT SHoE fIEAE e
oFg o] A 3H(Erickson et al., 1997)9} A=A /7134
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540] A% S T Sk,
A A2 DSl laoEe] BSEe) Wales
FEAA A3 9ov, R D742 MR A

3ol A8 =2 Bacillus subtilis QST 713 (Rhapsody®,
Serenade®)2} Bacillus pumilus QST 2808 (Sonata ¥)o] 7|
wo] o] vl XeAN = AREE AL ATk (Copping,
2004; Helene et al., 2011). SHAITE PIAE @502 = F4
o A= WAEHE A7t og7] el HEFEE ®
= 719 A9 P EE RS 2ol ARkt sk =
ol A=A St
A 2 AFME F12

o] Qo] 7Ry WS oz ] = Bacillus amyloliquefaciens
M27 #9k A5 HAeS 2ol ARgat] A 3=
& A71aAF sl A7k Bl A E]SleE, o B A
F3% 5 Hdsh-2olA WA ES ARS T

V3 A 5k AP Sl

R

oj4E &
WAL Al Sl 228 Bacillus 45+ B. amyloli-
quefaciens subsp. plantarum2Z. 5733 v} th(Lee et

al, 2012). 2] 371 A U]"gﬁi A¥sl Bacillus
amyloliquefaciens M272] v &Flo] 37129 WA G35 5
7] flste] AEHAES] FEAHTFE FEES £H0t
AREEIITE Alzg RS HAE 3% AAES] B
amyloliquefaciens M279] @ 1.0 x 10 cfu/mIe] AT},

Mo aMujH 20| EtEY
TAE HEAGEA ] L)
XE g=g3te] 29371704 Al st
Eof o]2)te] HjdER-20A] 59
°l /\Fg“o} o rdEd e
2 50u], 1008H, 25080, 50082}
254 Agstal 7Y Foll Qo] 37}
A=

WS HA

7c
%, TAl A 27 em
7174 Apulgt & Ay
ket A9 a4
1,00081 2 3} 79 744

ZH o] W 28-S %

EHM BMHl+E 20| BIIRY X2 B A

o0] F/EFHol W] AFF 597] 90] HEAS
olgsiglth. BEA SMMSE 1259, 250, S00uhst
1000 3o 721 244 28] Helsha 79 Fof oo A7k
o] WU A L2 2AeT)
Bamlel H2H 2 MR+ 20| B oY
Y N2EL A

20X Aulgt 55971¢] Qo] A=A EIAE 5008)
7 43], 74 744 33 28132 109 744

28)2 7}7F BB a)sly HE i%a] A Fol] Qo] o T
H

HE5I9A Z 20| ZHOM E&He X2l 2+ % X
g &4

2404 S 29 3?3 719] 2ol(AAUMTHE =
Joll g2 st AfufshaA Qo]
371Fro] WA a7 A]&é??i% o 2 n°ﬂ Alﬁﬂ A
= 500802 3]sl g

104 7+4 mg Z%
Z 6Y Foll &

_[\1

2% Y 1%
EEHC s Muj+E 20 EVIRE oEEY

=

EAE 7 744 s|AuFRE s ste] 7Y

Q0] Sty B WNHAEE AR
A, 0.4%, 17.5%, 26.9%, 35.7%, 59.4%2] ¥ 2P B
qom, TATAME 95.0%] WurAAES e
(Table 1). ETAE 25002 34 0}04 e FolA]
71.7%, 5008 62.4% I aIE A& F J3en, ole
AR EAA AFA0] ok TF e 60%01de
2 34ul4= 500807 o] EFAL] A ARl ey
AT

Table 1. Preventive effect of the mixture of B. amyloliquefaciens
M27 and plant extract at different dilution fold

Dilution (times) ¥ Lesion area (%)  Control value (%)

50 0.4 a” 99.6
100 17.5b 81.6
250 269 ¢ 71.7
500 35.7d 62.4
1,000 594e 375
Control 95.0f -

 The mixture was applied twice with 7-day interval.
®In a column, means followed by a common letter are not
significantly different at the 1% level by DMRT.

EFAY 4usd 0] 719 NEEH

B a0l ZE AushEr Qo] A& o 8l7kFH
o] WAYGLr] AlZHeE 5917] Qo] A EAY EAIE 125HH,
25080, 50080} 1,00081 2 )45t 7 7HA 33] A st
7d ol Qo] Iyt IS ARG A3}, 1258 84
2 Al 2.6%, 2508 A E] Al 1.1%, 5009 342 Al
26.0%, 1,0008] 3|24 2] A] 33.9%°] WrybAA &S HO
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Fig. 1. Effect of the mixture of B. amyloliquefaciens M27 and plant extract at different dilution fold. The mixture was applied three times
with seven-day interval in the plastic house, where cucumber plants were cultivated. A; 125%, B; 250, C; 500%, D; 1,000, E; control.

Table 2. Curative effect of the mixture of B. amyloliquefaciens
M27 and plant extract at different dilution fold

Dilution (times)®  Lesion area (%)”  Control value (%)
125 2.6 96.0
250 1.1a 98.3
500 26.0b 60.1
1,000 33.9b 479
Control 65.1¢ -

9 The mixture was applied twice with seven-day interval after
powdery mildew was developed on leaves of cucumber.

®In a column, means followed by a common letter are not
significantly different at the 1% level by DMRT.

o, FAg)e] B A S8 65.1%2 2o 37FEHo] A3}
A 2AEATHTable 2, Fig. 1). PAE STAS 25001 =
s]Aste] A st FellA 98.3%, 5008 343t X2 s

NA 60.1%2] AEEHE AAUTE 2508 X7 o
5= AR Hlsl A5 AFE AAE o =2 WAl
BHE YERMIAARE 5008 HE]FelME o 9 A58
7} ¥]523 WA a 32 YEeRQIT)

EftHol H2|2Hd ¥ H2|5$7t 20| EIIRY W of

= &2

HI 3kl Qo] 2

=1
L}

2 EA o EFAE 5000 E 345

o 5 7H4 43], 79 7H4 3319} 10 7+ 232 77t 73
A 27 APt HE AP 6d Tl 20] rMEHe
HFHA & (%)S A A3, Qo] S71aH A Hof A
3k 5U 744 48] ATt 4.4%, 72 744 33 A2t
8.0%, 10¢ 7H4 23] A7t 27.9%, FAEFIA=
45.4% HEES B tK(Table 3). Q0] 7Mool B
z710 594 7H4 43] A2TFelME 11.5%, 79 744 33] A
oA 25.2%, 102 7+ 23] 2e]TolX 51.9%, -3
T E Qo] F7FEHO] 64.3% AYSIATHTable 3). ©]
gl Axs BAE 79 744 33] AHEE v &

o] 37}Fro] WA Ao o9 ALMl 82.3% WA=
= Hel whHe] uhy Foj AFFAS vle 60.8% WA
THE veRfo] ok 2] Al7]¢ E}EW E3A 2] me
zko]7F BTk, whabA] Aol AMg-st if&xﬂ‘é 50040 2. 3]
Aate] 7 1A 02 Syt o] WA AFE oLl
2 He)stojol B A a5 =Y & Al% Aoz A
Eac =

ZHUM AM ZHOIM EgHe M2 2 M2 S
7t 20| &7t2Y WHof o)X= g&

vk X4 Qo )E st 2.o]
rrEo] wAS| AFSIAS W AAIFS S00M= 3
Aste] 59 744 48], 79 744 33)9F 104 7H4 23] AE

Table 3. Preventive and curative effect of the mixture of B. amyloliquefaciens M27 and plant extract at different application times and
intervals on the development of cucumber powdery mildew in the plastic house

Applicationtime  Application interval (day) Application times Lesion area (%) Control value (%)

Preventive treatment 5 4 44 a° 90.3
7 3 80a 82.3
10 2 279b 38.6

Control - 454 ¢ -
Curative treatment 5 4 11.5a 82.1
7 3 252b 60.8
10 2 51.8¢ 194

Control - 643d -

YPreventive : first application date, Sep. 17, 2013; disease investigation date, Oct. 7, 2013.
P)Curative : first application date, Sep. 23, 2013; disease investigation date, Oct. 14, 2013.
9In a column, means followed by a common letter are not significantly different at the 5% level by DMRT.
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Table 4. Control effect of the 500-fold diluted mixture of B. amyloliquefaciens M27 and plant extract at different application times
and intervals on the development of cucumber powdery mildew in September

Application interval (day) Application times

Lesion area (%) Control value (%)

5 4

7 3

10 2

Fenarimol EW (4,000%) 3
Control -

11.2 8" 81.9
24.7b 60.0
488 ¢ 21.8
62a 90.0
61.8d -

¥In a column, means followed by a common letter are not significantly different at the 1% level by DMRT.

Sk A, 59 744 43] AETelA 11.2%, 79 7+ 33] A
2ol Al 24.7%9F 109 7+ 23] A2 tollA 48.8%, Hi=
shstobAl U2 & 44 (4,00080)A4 2] 7t 6.2%, L]l F-
A TellA Qo] HA7FEHo] 61.8% LAYSISATHTable 4).
nAdE EFAIE Qo] A7FEHol 7P AsHAl WAsk= 9
Aol HJsae o, 59 7+ 43] AEFlA 81.9%, 74
7vA 33 A2tellA 60%, 104 7+ 23] HeFellA
21.8% WA &= YERIL, duelE fAE 7d 744 3
3] A2k Alg ol M= 90.0%2] WA EHE e o]
s Al 500u = 84 ste] g 79 714 33 A
AU 59 7+ 43] AE]steiopst Qo] BAVEHE 60%
o WA F U= A= e

Bacillus spp. 7= TAZF widske A Bt} 48A17F ul
Fato] A A A7V F(Podosphaera fusca)®] EAF
dols ARty W w34 ZAAAFY. Bacillus
subtiliss A3 AgsiA] WE AVEHS AT 5 AAS
#at olu2k(Romero et al., 2004; 2007b), B. subtilis?} A
dehe AtEd olF T ANIE A7 (Podosphaera
Susca)©ll tisted &8-S B ATHRomero et al., 2007a). P
=, MYk, 9 5NN= Bacillus pumilus$t  Bacillus
subtilis IFE 718 S AR 2 5231 3}k )
AAZ A 7FsA S Eo)al 3Th(Helene et al., 2011). =F
WollM= B. subtilis B29, B. subtilis M103} Streptomyces
sp. CC19 ¥5 Q0] E71FH WA o] &3] = 31
SH(Lee et al., 2010), Bacillus sp. BS061 &< MHH=|A|
oA 208 ]A1gH ujFedl> Qo] 7R o] WA 270
225t 62.4% WA EHE AATHKim ef al., 2013). 28]
3L B. subtilis KB-401& ©]-83 PlA= AAl= 0] S7h+
ol ey WA x7]o] Mg o rd BAEAE
YERATEEL SATHNam et al, 2010). ¥ A7 Aol
nAES AEFEES T3 A= A7l wAsh
T Bk A Aol Agsks Aol wig- Ao 27t

= =
TS A B 5 ov), TN AaAel Q4E A
gomH 187 90 o188 5 P B Aol

#Ae 2

B dAYe w2054 S wdsE AT
TREALY FAHE: PJ00897602)2] Aol el o] Foix
AolH, oo A} =Lt}
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