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| Abstract |

4 N
Disease control efficacy was evaluated with use of Bacillus subtilis KB-401 against cucumber powdery mildew
in a greenhouse and fields. B. subtilis KB-401 showing inhibitory effect on mycelial growth of various
phytopathogenic fungi was formulated for the evaluation. The formulated biofungicide of B. subtilis KB-401
was less effective at 1,000 times dilution rate than that at 250 or 500 times dilution rate. The powdery mildew
was successfully controlled by the biofungicide at the early stage of disease development. The field per-
formance of the biofungicde was conducted in Asan and Cheonan city. Three or four consecutive applications
of the biofungicide at 500 dilution rate with 10-day intervals resulted in considerable efficacy of disease control
as high as 83.3%.
Key words biological control, Bacillus subtilis, cucumber powdery mildew
. J/
kl 2 tatum, Geotrichum candidum, Phomopsis citri S5 &
24 F9o)2 A5 HalA AHESITkSinghit De-
e wAREO] st anjRMEol o] ZopsbdEA A verall, 1984; Sharma &, 2009). B. subtilis $1-02102 B
22 WA BN S AT S Qe R TR U cinerea] A AR At BaEe FAV) B
A A Aag Bl el "aie] Futsha =1 Aol B&En] Aol AAH Ak Hang F, 2005).

Slek. 53] 21230l et A WAAE Bo] A8t Qs
Bacillus subtilis= THFsH 418 of diajA Ag4a 24)
APt ohe} 2R x e S48 A} 9lcka g A 9l
thScherm %, 2004; Lee %, 2006; Fernando 5., 2007).
a5 W wrAlo] AN B. subtilis:= Penicillium digi-

*A2A A Tel. +82-31-353-7807, Fax. +82-31-353-8247
E-mail: pigfood72@hanmail.net

49

EoFol| A B3t B. subtilis KB-401 F55 72 A48
9t Diaporthe citri®] FAMATE EAPLOLE A5}
etl, Hang 5(2005)0) TasIHd At SUstA #A
Aty FAF BaEEs dA4S BEE S YAHE 5,
2009). B. subtilis KB-401-2 AlEW Ago] izt #AL A%
AR APoNA D. citirist ofet GafdEol 431 Rhi-
zoctonia solani® ‘dt T 431= Pythium sp.2 FA A



50

B ofF 75t AASHE B9 ohye}, ARl £t
£ Bowytis, Colletotrichum, Fusarium -3} \d-5-Q1 Phy-
tophthora capsici®] FAF L% AAIHCHE 5, 2009).
o] A2 HE B. subtilis KB-4019] 28 B9 L. y]o]
A, AR FARERO &9t et AEEURY ¢
A ARE AR E S d 5+ Ak

e W g WAty A8 ek EAS
Aatr7le delo] EHa glod, thoakst SvtEETE FolA
A A2E stz S0l 7 247 HE Bt
2 dA & Aol Sphaerothecas; 7} 0]t Elad
5> 1996). 53] 3, 118, AT FolAl Auiste FeolA
AR W AR 2427, 9, 4%E AElerie, v
ol A% 3% ol4e] ¥ WAE UEPITY &, 2005). o3¢
7RO A A i 3] tetd, B V)R8
of ateba] Zpol7h QlAIgE, &AL R uraiste] HHAYAA
& H¥ste #2 AEWoltt AT R 8
Agtol7) wgo] WY Twole} e, AtA e WA
G3E A A4 e R 2ARE 4 ggleh ukebd £ A
oMz ikt A& Wad F8ole] FAF ASE A8t
= Ao A B subtilis KB-4010] Q0] 37124 uby
& AAT £ 9& A oARE BN A A4 &
o] Auf AT} S oFAtAR} HtAIS] Q0] A 1L
A YA AT S eokelct. B3 nE AAY A A7)
o He| 7ol W WA ailo] n|A= AFE T At
of S BT Qo] Al shp2olA HEE £Hsgc)

S=H
-

M2 2 upy

* ©
Mu sl MFst

A B. subtilis KB-401& Z7go)| A Ag37] 9484
100 ppm&] polyoxyethylene tridecyl ether® ¥AH|E, 100
ppm®] EFKA-UVALINK ADPE A4 Aeha|2, 7121
0.5%9] sodium-2-pyrrolidone carboxylate® R4A £2
B A7elo, 344 Fef2 Ageistel ARgaldct of df
SN B. subtilis®) HE= 1x10° 7] mL'8 28819
t}. o|4 ™ AAG B. subtilis KB-401& AFE-5}0] 20] A
she-20llA Sl7hRof digt WA AFE A3 A

Sk wHANSH HY
27 ¢f Qo] AHdsH-LolA T
Agstlon], Hel 7o LE jHEo)A 3079

dBE - AL YHE - OlRIE -

M

ne

oV
o
ook
o
>
oo
2

ol ANESHETE AlRol ARSSH PR E ARl HAZ7Q
2007 99 104 E.E] 2508, 5004}, 1000u)= 3]A3le] 10
d TFer F 33 Azjsigen, Wy 2 viog
o gE AAE At 104 o A AAEE & 10
el Lo] Yol WAT H7pRRY o) W A5 RAFSIYTH
Y A4 A7HEol dhEEkA] ggke o) 0, A9 wukg
A g0l 104 5%2] WY 45 12 811, yyugEo| 5.1
oA 25% = wfo] WhEA|E 2, 25.1004 50%Y ¢
£ 3, 50% oY WE 42 AAsIGrE RARE 20] 8 £
o W= ofF AF ol gste] Fata FATTY U=
o vlwste] YAZHE ALstgleh. ZoA 2 dz AgA
2 Cyflufenamidet Hexaconazole?] ¥A|(a.i. 4.5%, SC)
& 2000812 3]4J5}0] AMg3tglrt.

Z (TEA x AT

Y (%) = X 100
4N

YA 0: dhgs
1: g4 WHHEAE 1 - 5%
2: 4 WuiAE 5.1 - 25%
3: 99 WYrdAE 251 - 50%
4: 49 WA E 50.1% ol
N: WY HES 2AE o ¢

o A Ao wE
2R

WA7H%) = (1- ) X 100

OIME Mo M2l Al7igt M2| 2H0] WHEatof
oXlz g

T AT Y5 LA A0l Gy 3uhe
22 dAFRe, BE Aol WEde 3052 208
AREERITE oS AlAle W R A7 2eEiste A
Shgltl, FolA W A A=t 1% ujgte] He W &
719k, 5%clA 10% Atole] MRS Hole Wy 571, 29
I 25%9] I EE Hole W 372 s st 7
Z}2] A7jof 2ol glof &3] =5 vHE AAE 43
A3k 4zke] iy A71o) vl E AAE AT ol
= A 244 59, 7Y, 109 o8 2Asto] Aehgl
o], WY 2ARE 2 A2 Foich vpx]e A2l sk 109
Fol 919 22 o QoA RS 2Alste] WA
7 Altetgld. ol AAE A Yeue g
AE AAE 1A AL 3, 5, 7Y Fof 20] Yof et



Q0| 7IZH0| Uit Bacilus subtilis KB-4019] A &1t 51

<
r

oFlg feroR ZAA

ZEM B, subtilis KB-4012| &1t 24H

2 obARA] uiHTE HA] 35 Qo] Al BFe-
oA A AFEEt B. subtilis KB-4019] 37H3H 1
Al £3HE Algstsith Hol As7] AlZksle 2719 ofit
A1} 2ol e SHeLAE 109 B0 3 432, 12)
I ARG A = 5EE A0 R F 335 A AT
o] i} & AFFA 2= Cyflufenamid9} Hexaconazole2] &t

50
a
~ 40
R
S’
Q
g
& 30
he!
5]
=
@ 20
& b
O
@
S 10 bec bc
c
ol B
1/250 1/500 1/1000 1/2000
Cyflufenamid + Untreated
Baciffus sublttis KB-1 Hexaconazole control

Fig. 1. Effect of dilution rates of the formulated biofungicide
of Bacillus subtilis KB-401 on disease incidence of cucumber
powdery mildew caused by Sphaerotheca fusca in a greenhouse.
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Table 1. Effect of numbers of application trial and application intervals on disease control efficacy of the formulated biofungicide
of Bacillus subtilis KB-401 against cucumber powdery mildew caused by Sphaerotheca fisca

Treatment Disease-developing stage®

Period” (days)

Disease incidence (%) Control efficacy (%)

Bacillus subtilis KB-401

the early stage

the middle stage

the latter stage

control

5 16.0 d° 79.4
7 16.5 d 78.8
10 14.5 de 81.4
310 ¢ 60.2
7 321¢ 58.7
10 362 ¢ 53.5
464 b 40.4
488 b 373
10 540 b 30.6
- 778 a -

* Disease-developing stages were divided into three stages as followings; the early stage, less than 1% of disease incidence; the middle stage, 5
- 10% of disease incidence; the latter stage, more than 25% of disease incidence.

b Period indicated the application interval (days) of the formulated biofungicide of Bacillus subtilis KB-401.

¢, In a column, means followed by the same letter are not significantly different 5% level by Duncan’s multiple range test.
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Table 2. Field performance of the formulated biofungicide of Bacillus subtilis KB-401 against cucumber powdery mildew caused

rH

o~
ool
m
™
ofo
Uk

by Sphaerotheca fusca in the greenhouse located in Asan city and Cheonan city

Location Treatment Dilution point Disease incidence (%) Control value (%)

Asan city
Bacillus subtilis KB-401 500 8.8 b* 83.8
Cyflufenamid/Hexaconazole SC 2000 470 91.3
Triflumizole WP 2000 410 92.4
Untreated control 543 a

Cheonan city
Bacillus subtilis KB-401 500 104 b 834
Cyflufenamid/Hexaconazole SC 2000 33 ¢ 94.7
Triflumizole WP 2000 31¢ 95.0
Untreated control 62.5a

*: In a column, means followed by the same letter are not significantly different 5% level by Duncan’s multiple range test.
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