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Abstract Pepper anthracnose caused by Collectotrichum acutaum has been known as one of the most
damaging diseases of pepper, which has reduced not only yield but also quality of pepper produce almost
every year. This study was conducted to develop control strategy against pepper anthracnose by alternate
application of agricultural organic materials and chemical fungicides. The alternate application effect of
agricultural organic materials and chemical fungicides for controlling pepper anthracnose were examined in
vitro and in the field. First, thirteen microbial agents and twenty two agricultural organic materials were
screened for antifungal activity against C. acutatum through the dual culture method and bioassay. As a
result, one microbial agent (Bacillus subtilis QST-713) and three agricultural organic materials (sulfur,
bordeaux mixture, marine algae extracts) were found to show high inhibition effect against C. acutatum. In
the field test, when Iminoctadine tris+thiram, a chemical fungicide for controlling pepper anthracnose, was
sprayed, it reduced disease incidence by 89.5%. Meanwhile Sulfur, bordeaux mixture, copper, marine algae
extracts and Bacillus subtilis QST-713 showed low disease incidence at the range of 33.1~81.0%. However,
when Iminoctadine tristthiram and agricultural organic materials(bordeaux mixture, marine algae extracts)
were applied to pepper fruits alternately two times at 7 days interval, there was a 81.7 and 87.1% reduction
in disease, respectively. Consequently, the alternate spray of chemical fungicide (Iminoctadine tris+thiram)
and agricultural organic materials (bordeaux mixture, marine algae extracts) could be recommended as a
control method to reduce the using amount of chemical fungicide.

Key words agricultural organic materials, alternate applications, chemical fungicides, pepper anthracnose
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W= gz Jrh(Kim, 2004; Myung et al.,
2006). 3 98-S 20054 o]F A 7R AL F
o] HFo= vg)|7F AHAastal lo BAHL X% A
FAETO| Yo E BHFER] ot 7P Azt gsiE
fakith(Jee et al., 2010; Kim et al., 2010). 225 &AE-&
79 ey el AE] Altete] 893 998 At
HA FA8] Aol FTtetH, Fdd AATEE Hol7]
ol AR gt FAA st Gk wxIth
=M wid I3 A 71ZE S 78R wet et
e glo] x5 AW a7t F7hstal Aoh(Kim and
Park, 1988; Park and Kim, 1994; Yoon and Park, 2001).
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Algol] AME-E 1352 Al F  chlorothalonil+ricycla-

zole, dithianon+metalaxyl-m, chlorothalon

il+difenoconazole,

dithianon, tribasic copper sulfate, chlorothaloniltazoxystrobin
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Aoz golgr}. kAT folpet, chlorothalonil, triflo-

Table 1. Inhibitory effects of 13 microbial agents against mycelial growth of Colletotrichum acutatum on PDK medium

Inhibition zone® (mm)

Microbial agent Formulation
1% test 2" test

Bacillus subtilis Y1336 WP° 0.0 0.0
Bacillus subtilis QST-713 WP 0.0 6.0
Bacillus subtilis QST-713 SC 9.5 6.0
Bacillus pumilus QST2808 SC 0.8 1.0
Bacillus subtilis DBB1501 WP 1.3 4.0
Bacillus subtilis DBB1501 GR 0.0 4.0
Bacillus subtilis JKK238 SC 1.5 4.0
Bacillus subtilis GB365 WP 0.3 1.0
Bacillus subtilis GB365 SC 0.3 2.0
Bacillus subtilis KB401 SE 0.8 4.0
Bacillus subtilis KBC1010 WP 0.5 4.0
Ampelomyces quisqualis AQ94013 WP 0.3 0.0
Paenibacillus polymyxa AC-1 SC 53 5.0
Fungicide (Iminoctadine tris+Thiram) WP 9.5 8.8
Control 0.0 0.0

*Growth inhibition was determined after 7 days of incubation at 25°C.

®WP : Wettable powder, GR : Granule, SC : Suspension concentrate, SE :

Suspended emulsion
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Fig. 1. The inhibitory effect of microbial agents against the mycelial growth Colletotrichum acutatum on PDK medium. A; Control,
B: Bacillus subtilis QST-713 SC, C: Paenibacillus polymyxa AC-1 SC, D: Fungicide (Iminoctadine tris+Thiram).

Table 2. The growth of the effective microorganisms of five microbial fungicides in medium contained with 13 chemical fungicides

Recommended Growth of

Chemical fungicides Formulation dose microbial agents

(20 BsY' BsD BsQ BpQ  PpA
Folpet 50%WP® 40g e ++ ++ + +
Chlorothalonil 53%SC 20 ml ++ ++ ++ A+ ++
Chlorothalonil+tricyclazole 58(50+8)% WP 40¢g - - - ++ ++
Trifloxystrobin 50%WG 5¢g ++ ++ ++ ++ ++
Mancozeb+metalaxyl 63.5(56+7.5)%WP 40¢g ++ ++ ++ ++ ++
Benomyl 50%WP 13g ++ ++ ++ ++ ++
Copper sulfate basic 58% WP 20g ++ ++ ++ ++ ++
Dithianon+metalaxyl-M[] 35(30+5)%WP 40¢g - - - - -
Iminoctadine tris (albesilate)+thiram 68(20+48)%WP 20¢g ++ ++ ++ ++ ++
Chlorothalonil+difenoconazole 24(20+4)%SC 20 ml - - - - -
Dithianon 75%WP 20¢g ++ ++ ++ - -
Tribasic copper sulfate 15%SC 40 ml + + + - -
Chlorothalonil+azoxystrobin 44.8(40+4.8)%SC 13.3ml - - - - -

% ++ : normal growth of microbial agents , + : poor growth of microbial agents , - : no growth of microbial agents.
*BsY : Bacillus subtilis Y1336 WP, BsD : Bacillus subtilis DBB1501 WP, BsQ : Bacillus subtilis QST-713 WP, BpQ : Bacillus pumilus

QST2808 SC, PpA : Paenibacillus polymyxa AC-1 SC

®WP : Wettable powder, SC : Suspension concentrate, WG : Water dispersible granule

xystrobin, mancozeb+metalaxyl, benomyl, copper sulfate
basic, iminoctadine tris (albesilate)t+thiram 5 752] A
= FarAEe] Ao IS FA Fot 719 A
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Table 3. Inhibition effect of agricultural organic materials against mycelial growth of Colletotrichum acutatum

. . . Recommended Inhibition zone® (mm)
Kind Active compound‘of agricultural organic concentration
material product %) I I 1 Mean
Marine algae extract 0.1 9.0 8.5 9.5 9.0cdefg’
Citronella extract 0.1 11.5 10 12.0 11.2bed
Turmeric extract 0.2 9.0 11.0 3.5 7.8defgh
Castor oil 0.1 13.5 11.5 14.5 13.2ab
Thyme extract 0.1 8.0 7.0 5.5 6.8fgh
Clover+castor oil plant extract 0.1 2.5 8.0 10 6.8fgh
Plant extracts Cinnamon oil 0.1 10 10 10.5 10.2bedef
Chinese Twinleaf extract 0.2 10.5 8.0 9.5 9.3cdefg
Rhubarb root extract 0.2 11.5 9.0 11.0 10.5bede
Clover+mentha extract 0.2 9.5 8.0 9.0 8.8cdefg
Rhubarb extract 0.2 7.5 4.0 4.0 5.2h
Plum+maidenhair extract 0.1 8.5 7.0 6.0 7.2efgh
Phellodendri cortex+chinese twinleaf extract 0.2 8.5 8.5 6.5 7.8defgh
. . Paenibacillus polymyxa 2 12.0 11.0 11.5 11.5bc
Microbial agents ) ] )
Bacillus amyloliquefaciens KBC1121 0.5 11.5 10.0 10.0 10.5bede
sodium silicate 0.2 7.0 8.0 5.5 6.8fgh
Bordeaux mixture 0.1 6.0 8.5 4.0 6.2gh
. copper 0.1 14.0 8.5 8.0 10.2bcdef
Minerals
water soluble sulfur (80%) 0.1 8.0 9.5 11.0 9.5cdefg
Potassium bicarbonate 1.7 1.0 2.0 2.0 1.71
lime sulphur mixture 1 8.5 9.0 10.5 9.3cdefg
Others Propolis+fermentation spirit 0.1 10.0 6.0 11.0 9.0cdefg
Chemical fungicide Iminoctadine tris+thiram 0.1 17.0 14.0 15.0 15.3a
Control 0 0 0 0i

*Growth inhibition was determined after 7 days of incubation at 25°C.

®Means followed by the same letters are not different significantly at the 5% level by DMRT.

23} Park 5(2012)9] Byo] wiE=d 3134320 A8 20
T & Tslks, FAANE, A, AE% éT"r iz“hﬂ
4, ANEH, A R2YFEE, 25 F
W A AR kAL ’3}93%
it o] E3HE AR T =2
02 ZAEAT} o|#3t in vitro At B4 éo] A Oqzﬂ
a9 HAE] A5l te 7S AA sk W
O 2 in vivo AtE2739] oWadht X s a3l Ado| 9l
THChoi et al., 2006). WA FAF A QA Al &3
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18 A Al AA A 712AER Ego] 7 A
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R EE S90S AT 100 4% F 3%
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HET9lolx wo] BX] FAY o] Hox HE T
7F 3% Wte] FAETE £ 3l 4% BNk 34
A AL Jolg| k= SIQF dAPE BAE

ATHFig. 2). o1AL FA ol Hlsl] B A HEr} =oi%]
71 ‘q{v‘f—ol‘jjrl 1 ‘ﬂr =5 FollM e FARIA <
Aa7t 7 Bacillus subtilis QST-713 <=3}
A7k 26.7-40.0%2] ¥ HAET 23mme] HRHAAES Ko
A B S Bol JArTle AoE ARSI
(Table 4). =3+ A JAA FN A<} vlRb7 2 Bacillus
subtilis QST-713 WA<=8kA|7} Bacillus subtilis QST-713
TR B Aol o £ 74—£ 1At
Bacillus subtilis QST-713 Wd<F8kA| o] Z9- AA|F oA
AR g} AtA ek £ A franAAES] Al 3
o] Sl Aol AN wFol a5 ey WA E $Ist
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Table 4. Suppressive effect of 13 microbial agents on disease suppression of pepper anthracnose by wounding bioassay in vitro

Microbial agents Formulation Disease incidence (%) LD*
1% test 2M test (mm)
Bacillus subtilis Y1336 WPP 46.7 20.0 22bc*
Bacillus subtilis QST-713 WP 533 533 26abc
Bacillus subtilis QST-713 SC 40.0 26.7 23bc
Bacillus pumilus QST2808 SC 533 40.0 26abc
Bacillus subtilis DBB1501 WP 533 100 25abc
Bacillus subtilis DBB1501 GR 20.0 86.7 28ab
Bacillus subtilis JKK238 SC 333 86.7 26abc
Bacillus subtilis GB365 WP 46.7 100 22bc
Bacillus subtilis GB365 SC 80.0 100 22bc
Bacillus subtilis KB401 SE 80.0 40 26abc
Bacillus subtilis KBC1010 WP 53.3 933 2lc
Ampelomyces quisqualis AQ94013 WP 333 46.7 26abc
Paenibacillus polymyxa AC-1 SC 533 933 26abc
Fungicide (Iminoctadine tris+Thiram) WP 73.3 26.7 22¢
Control 80.0 86.7 29a

‘LD means lesion diameters which was obtained by investigating lesion diameters of four pepper fruits.
"WP : Wettable powder, GR : Granule, SC : Suspension concentrate, SE : Suspended emulsion
‘Means followed by the same letters are not different significantly at the 5% level by DMRT.

Fig. 2. Bioassay of wounded fruits for selection of suppressive agricultural organic materials against pepper anthracnose. A: Marine

algae extracts, B: Chemical fungicide, C: Control.

F719A AaAlele] weAxrt 7Fsd Aoz Azt
F715AHANE s Aed8S ANe 235 B
o] AR Ee] FAE ek HlasS W B I oAls
H7F e AE g9l F F Atk 53] EEFEEC
66.7% ¥ LA 17.9mme] WWHAAE 23 2R
FEE0] 50%° WHEH 122 mme] WIHEES
AEFEE 1Y SolX e M S5 &4
A A ZHE YR AtHTable 5). 127 FEE2 7]
o] HETARI AF AEEA Y AT Wt ojg} Tt
HE AE B oUd & e 249 BRuEA its]
HpolE &, gt B HAxd AE T b s
zh= EAES ek e Ao= dEA Uth(Asai et
al., 2004; Liu et al., 1997, Mayor and Hamann, 20004). &
3] AAFHYA Mol tish 84 (Kang et al., 2005), 3

1

o i i

A WS Eoeh ThFe Al 2 gl tigk 3t
8 F7KKim et al., 2012), Fusarium oxysporium 5 523
2 7 AEHAA wgeld e JAIEIH(Galal et al,
2011), Alternaria sp.2] 84S JA|staL eds SX1a7
(Jayaraj et al.. 2008)5 @zl et d4x s 4
= Stk AF7HA] dEA e xRl SHrE 3
= FaSEAR s T2AESHE, diterpene 2 triterpene
Al sighE 5ol Barse] UTh(Ali et al., 2002; Bennamara
et al., 1999; Enoki et al., 1982; Kurata and Amiya, 1980;
Vairappan et al., 2004; Xu et al., 2003). ZE2 Foxe
nawdo] 75% &3 16.0 mme] WA, FEAF
go] 733% WEE 183 mme] WWHAS Yehlo] #
71314 AA] Iminoctadine tris+thiram H¥H27 16.4 mm
b Ak W BAAEE Uehille 2R AT
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Table 5. Suppressive effect of 23 agricultural organic materials on the disease development of pepper anthracnose by wounded fruit

bioassay in vitro

Kind Active compounfi of agricultural organic Recommf:nded Disease incidence LD?
farming products concentration (%o) (%) (mm)
Marine algae extract 0.1 50 12.21°
Citronella extract 0.1 83.3 27.3ab
Turmeric extract 0.2 66.7 17.9cdef
Castor oil 0.1 100 29.1ab
Thyme extract 0.1 83.3 24.2abcde
Clover+castor oil plant extract 0.1 83.3 25.8abc
Plant extracts Cinnamon oil 0.1 91.7 28.6ab
Chinese Twinleaf extract 0.2 83.3 22.3bcde
Rhubarb root extract 0.2 91.7 23.6abcde
Clover+mentha extract 0.2 100 28.8ab
Rhubarb extract 0.2 91.7 25.1abede
Plum+maidenhair extract 0.1 83.3 24.8abcde
Phellodendri Cortex+Chinese Twinleaf extract 0.2 83.3 22.0bcde
. . Paenibacillus polymyxa 2 100 27.1abe
Microbial agents
Bacillus amyloliquefaciens KBC1121 0.5 91.7 25.4abed
sodium silicate 0.2 100 31.3ab
Bordeaux mixture 0.1 75 16.1ef
. copper 0.1 100 22.5bcde
Minerals
water soluble sulfur(80%) 0.1 73.3 18.3cdef
Potassium bicarbonate 1.7 100 23.8abcde
lime sulphur mixture (sulfate+calcium oxide) 1 91.7 24 8abcde
Others Propolis+fermentation spirit 0.1 75 25.4abed
Chemical fungicide Iminoctadine trist+Thiram 0.1 100 16.4def
Control 100 32.8a

LD means lesion diameters which was obtained by investigating lesion diameters of four pepper fruits.
®Means followed by the same letters are not different significantly at the 5% level by DMRT.
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Table 6. Control effect of single or alternate application of agriculture organic materials and chemical fungicide(Iminoctadine

tris+thiram) on pepper anthracnose in field

Rate of diseased fruit (%) Control val
ontrol value

Treatment st nd

Pom? Ty Mean (%)
Bordeaux mixture 2.0 6.5 8.5ab° 49.7
Copper 1.5 1.7 3.2bc 81.0
Single Wsoluble sulfur 3.2 3.1 6.3b 63.0
application Marine algae extracts 2.6 33 5.9b 65.1
Bacillus subtilis QST-713 3.6 7.7 11.3ab 332
Fungicide (Iminoctadine tris+thiram) 0.1 1.7 1.8¢c 89.5
Bordeaux mixture+fungicide 0.7 24 3.1bc 81.7
Copper-+fungicide 1.6 24 4.0bc 76.5
a’;‘)ﬁfggfﬂ Water soluble sulfur-+fungicide 1.4 3.9 5.3b 68.6
Marine algae extracts+fungicide 0.6 1.6 2.2¢ 87.1
Bacillus subtilis QST-713+fungicide 1.8 3.5 5.3b 68.6

Control 4.1 12.8 16.9a -

*Single application was conducted 4 times at 7 days interval and alternate application was conducted alternately 2 times at 7 days interval.
®Means followed by the same letters are not different significantly at the 5% level by DMRT.

SARE 7184 AA|el ws A Aloll= 81.7%= WA

a7} brfo};iu} xF FEE0 ﬁ“‘—*é%éﬂ 715 QAR

89.5%¢<} K A= Q"ﬂ%‘ —’F 7F 9 C}ili]-(Table 6). Lee

(20112 & AN ALES slZ2F FE= AT 58

g 71 EdAA = el Aot Saas a3E A
I FE H2FH W (Alternaria radicing) ¥l st
A oAgo] TESFAIQ Mt MSSEom, 4
radicina®) 13 205 oA FA250] YT T}
7t otk wasT £ FALE T 54 WoeE
AR Sk, Aol AT AxF FEE
Hdgo] thek JA G 3H(Galal et al., 2011; Jayaraj et al.
2008; Kang et al., 2005; Kim et al., 2012)53} Ry &
4EAEZ (Al et al., 2002; Enoki et al., 1982; Kurata and
Amiya, 1980; Vairappan et al., 2004; Xu et al.,, 2003) 5
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