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Abstract This study was conducted to reduce the using amount of chemical fungicides for the control of
red-pepper powdery mildew. Effect of combined application of three microbial fungicides and six chemical
fungicides for the control of red-pepper powdery mildew was examined in vitro, in pot assay and under field
condition. One chemical fungicide (Azoxystrobin+Chlorothalonil) among six chemical fungicides significantly
suppressed three microbial fungicides (Bacillus subtilis Y1336, Bacillus subtilis DBB1501, Bacillus subtilis
QST-713) registered for the control of pepper powdery mildew in vitro. In the pot assay, two mixed application
such as B. subtilis DBB1501+Trifloxystrobin, B. subtilis QST713+Trifloxystrobin among nine mixed applications
of three microbial fungicides and three chemical fungicides showed the highest suppressive effect against red
pepper powdery mildew. Also, suppressive effect of the mixed application of B. subtilis QST713 and
Trifloxystrobin was similar to that of single application of three chemical fungicides(Myclobutanil, Trifloxy-
strobin, Hexaconazole). In the field test, when the microbial fungicides (B. subtilis DBB1501, B. subtilis
QST713) and the chemical fungicide (Trifloxystrobin) for the control of powdery mildew of red pepper were
mixed foliar sprayed four times at 7 day-intervals, the control values were in the range of 70.3% to 70.9%.
On the other hand, when each of the chemical fungicide (Trifloxystrobin) was foliar sprayed four times at 7
day-intervals, the control value was 72.7%. Consequently, the mixed application of the microbial fungicides
and chemical fungicides could be recommended as a one of control measures for reducing the using amount
of chemical fungicides.
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Azoxystrobin+Chlorothalonil & 1%2] A#A17}F 352 v]A
B 5o fFarAEY] A4S BT JAske AoR gkl
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Table 1. The growth of the effective microorganisms of three microbial fungicides in medium contained with 6 chemical fungicides

Chemical fungicide Formulation Rgcommended Growth of microbial agents
ose (/20 L) BsY* BsD® BsQ°
Myclobutanil 6%WP? 13g ++ ++ ++
Trifloxystrobin 50%WG 5¢g ++ ++ ++
Fluquinconazole 10%SC 20 ml ++ ++ ++
Boscalid + Kresoxim-methyl 25(17+8)%SC 10 ml ++ ++ ++
Hexaconazole 2% SC 20 ml ++ ++ ++
Azoxystrobin + Chlorothalonil 44.8(4.8+40)%SC 13.3 ml - - -

% ++ : normal growth of microbial agents , - : growth suppression of microbial agents
*BsY : Bacillus subtilis Y1336, ®BsD : Bacillus subtilis DBB1501, *BsQ : Bacillus subtilis QST-713, “WP : Wettable powder, WG : Water-

dispersible granule, SC : Suspension concentrate



PS|

A
(=]

.
o

N

412

ol
il

g7l KA -

0

Lee 52004y 37170 WAS S571 Ampelomyces
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S FA e AtAl 3% (Myclobutanil, Tri-
floxystrobin, Hexaconazole)s A&ste] AES 33t

W AE 5 Bacillus subtilis Y1336 (BsY) @5 24| 3
TRl EFo) A WHbHA &0 10.5%~14.6%, Bacillus subtilis
DBB1501 (BsD)= 10.5%~13.5%, Bacillus subtilis QST713
BsQE 10.1%~142%= FAFE]] FA42]9(10.9%~15.5%)
o} Wil B v vke A g aE JERASIth 2EA
Folle BE TEA A7 BAS QI3 $ofl oA
A& A7) Wzel nAE ko] oA a3t Hot
Ao ATt {718 AAl deA e A=
Myclobutanil (My)7} H¥E2E 2.0%-~3.2%, Trifloxystrobin
(Tr)= 4.4%~6.4% 12] 3L Hexaconazole (Hey= 2.2%~6.3%
o] WHrHAES Uelo] HAFoR nAlE FofET=
ATt freithe s BRI = AT S&AETF
o] A= BsY+My A& +7} 6.7%~11.3%, BsY+Tr *2]

Table 2. Suppressive effect of single or mixed treatment of chemical fungicides and microbial fungicides against powdery mildew of

pepper on pot experiment

Disease severity" of powdery mildew on different pepper varieties

Treatment Hongboseok

Ildeunggongsin Dokyacheongcheong

(Dilution concentrations)

Diseased leaf Diseased leaf Diseased leaf Diseased leaf Diseased leaf Diseased leaf

(%) area (%) (%) area (%) (%) area (%)
) ) BsY*(100%) 34.7abc! 14.6b 34.6abc 10.5b 33.3ab 10.6a
ﬁ;cgrfckl’g‘;l BsD"(100%) 30.6abed 13.5abc 40.4a 11.1b 36.6a 10.5ab
BsQ(100%) 36.8a 14.2ab 38.0ab 11.5b 30.2abc 10.1ab
. My4(100%) 22.5de 2.%9h 25.2¢cd 3.2cde 17.2f 2.0e
?uiegflcﬁa; Tr(100%) 23.9¢de 5.1gh 32.3abe 6.4cd 24 3cdef 4.4de
He'(100%) 24.9bcde 6.3fgh 30.7abed 3.4cde 19.1ef 2.2e
BsY(50%)+My(50%) 34.0abc 11.3bed 30.5abcd 6.7¢ 26.3bcde 8.9bc
BsY(50%)+Tr(50%) 35.0ab 9.2def 31.7abed S.1cde 26.5bcde 6.7cd
BsY(50%)+He(50%) 31.3abed 7.3efg 33.5abc 5.3cde 29.5abed 6.7cd
) BsD(50%)+My(50%) 27.2abcde 9.5def 32.8abc 5.3cde 22.7def 7.2¢
aplg/ﬁé‘:t?on BsD(50%)+Tr(50%)  30.0abed 4.0gh 21.7d 1.9 25.5¢cde 3.le
BsD(50%)+He(50%) 28.5abcde 5.8fgh 29.1bcd 3.0de 25.0cde 3.1e
BsQ(50%)+My(50%)  24.3bcde 10.4cde 28.7bed 3.5cde 19.6ef 6.8cd
BsQ(50%)+Tr(50%) 18.1e 2.7h 30.1abcd 2.8¢ 21.1ef 2.8¢
BsQ(50%) +He(50%) 28.5abcde 6.8fgh 26.6¢d 4.3cde 20.6ef 4.0e
Control® 32.4abcd 15.3a 29.3bcd 15.5a 30.6abc 10.9ab

*BsY*": Bacillus subtilis Y1336, BsD": Bacillus subtilis DBB1501, BsQ®: Bacillus subtilis QST713, My*: Myclobutanil, Tr*: Trifloxystrobin,

He': Hexaconazole, Control®: water

"Disease survey was conducted 7 days after fourth application.

‘Means followed by the same letters are not different significantly at the 5% level by DMRT.
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Fig. 1. Suppression of red pepper (Ildengongsin) powdery mildew according to single or mixed applications of microbial fungicides

and chemical fungicides.
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Table 3. Control effect of single or mixed application of chemical fungicide and microbial fungicides against pepper powdery mildew

caused by Leveillula taurica in the field

Treatment Diseased leaf (%) Control value (%)

. L BsD* 14.2b° 57.9
Microbial fungicide )

BsQ 10.8b 68.0

Chemical fungicide Tr 9.2b 72.7

. L BsD(50%)+Tr(50%) 10.0b 70.3

Mixed application
BsQ(50%)+Tr(50%) 9.8b 70.9
Control* 33.7a 0.0

*BsD® Bacillus subtilis DBB1501, BsQ": Bacillus subtilis QST713, Tr": Trifloxystrobin, Control®: water
‘Means followed by the same letters are not different significantly at the 5% level by DMRT.

Z9] 3}8kESF Trifloxystrobin®] &8 23 Ao w2
T ApEE A 295 A A5 A rdE F
oF Thg A 2| B. subtilis DBB150191|1%] 57.9%, B. subtilis
QST7139l14 68.0%2] WAl &x4E ehllom 3}shsof
8 A ET Trifloxystrobin(Tr)ol A= 72.7%S] WA &3
& Uehlio] mdE FoE T stekgee] 3t w2 e
2 AR E8A 870 A% B. subtilis DBB1501+
Trifloxystrobin® X1 70.3%, B. subtilis QST713+Trifloxystrobin
A TlM 70.9%2] WAZFE UERfe] stehser ¢ A
22! Trifloxystrobin®] A7} 72.7%3} 5-AFsH WA a3}
S YERH1TH(Table 3).

Li 5 (2008) 14 HFHHS ELE £ Aol AH-
H PAE s 22 B subtilis QST713E azoxystrobin
I &8st 149 744 33] AEd A3 WAV 82.6%,
mancozeb®t & A 2|3 A2 7= 83.6%= F £ B85
= 80% oFoZ WAl gt 9473519 21 difenoconazole,
kresoxim-methyl, copper sulfate basic % chlorothalonil+
copper sulfate basic®] EF A2TF= 61.1%~76.4%= HA|
37 R FAaE o)A Q1A AT A= B. subtilis
QST7139} azoxystrobin % mancozeb A7t B F-&
sthar sl B AFANME B subtilis QST713E THE:
AFA| BT} azoxystrobin?t 752 strobilurins A18-2] Trifloxy-
strobin 20| E8A] A&7 S HE AHE Uk
o}, B3 Li¢k Chol (2009)% - AJ&o] AR n|AYE F5oF

o}
B. subtilis QST7133} B. subtilis DBB15015 7FA| 1L 214F
AFHEE e s 7194 AtAlslal &8 e 1S

yor

A2lahd 75.0%-83.3.%2] FoF AFEAE vErd F ot
3L ST B subtilis2 ©)1FolF tiEAQ] vAE AlF
Serenade’= 371FH WA|of] TEA 2| T} AetA| 9} &3
AY WS Ae sk Aol &3 olgtal st o™ (Dhatt 5,
2001, Langston?} Kelley, 2002), 3] Keinath? Dubose
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azoxystrobin®| L} trifloxystrobing EgAz2st Alg A,
Serenade ©WEAT= 7.4% LS 123 Serenadedll

azoxystrobin®| L} trifloxystrobin® &3 A2 7E 2.3%9]

WS Yehlel Tt Q1R et A £ e
T St B ARAE v oo
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(2011) 2o] 3AVEY 55 VAL 5F Bacillus subtilis
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of WAl & 4 Qltha 31 ™ Brannen} Kenney (1997)
F A9 Walol nAE A<}
copper oxychloride ¥ benomylS & AR-S w] WA &
H7F SR ATAL 813
AR oR IF AR 55 vAE o 198
A FHRAEEER 50%% E8ate] X 9 =
S WAEHE FIEAE AA s A AR
A mAE FoF 95 A2 Hth 22 WAlgHE d
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