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It was confirmed that anthracnose pathogen, Colletotrichum acutatum, could specifically grow on PDA
amended with 100 pg/m/ of ampicillin and tetracycline, and 100 ng/m/ of mixture with carbendazim and
diethofencarb. There was a positive correlation between the number of colony enumerated on semi-selective
media and the disease severity on pepper fruits caused by C. acutatum. Using semi-selective media for C. acu-
tatum, the number of pathogen on soil and plant debris infected by anthracnose pathogen was investigated. In
plant debris, the colony number of C. acutatum was more than in soil. For the identification of colony
appeared on semi-selective media, 10 isolates were selected randgmly. They were identified as C. acutatum

through PCR using C. acutatum-specific primer.
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(Kim#} Park, 1988; Shin &, 1999).
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1 o]50)x]7] &g Ho] BUTh(Freeman 5, 1998).
= ITS 992 DNA 454 H|et F So]FR primer
£ °]8% PCR T& st A5 Ay 54 ¥
#o| C acutatumP o] FHHA. 2} EAFNA 23
SAHT 9%, 7] 99 ZE, Avte] Wy ¥
oMol Wt 2x ¥t 5 A YA RS
Zhe Q8 9 AEC g A AY o] R A g
Ae dAoltth. 13 SAHFL F7|HTls vlug) ¢
A AwtEls Aoz Higo] Qled, gvbARl F7]
AAG AEHAFY 7 AEE ZARE] S84 AHS
st EA AFH7] 55 AHEst] TR HeddY Be
g Al E ojElgo] B Ao wohgitt. wEhA
HYHE AFHoE 2AME 5 e iAo Ha A
o] =AUt

MR = SEH ¢ nAETS dYHo=z wigd ¢
A B o} vAES FHoE ZAEEUE A}
23 4= At} Viljoen 5(2004) yeastE AFHoRE =
Absl71 A3k yeaste] WiE AE WA 2 rose-bengal
chloramphenicol agar, dichloran rose-bengal chloramphenicol
agar, dichloran 18% glycerol agar, malt extract agar with
biphenyl 5¢] ¥R & AF&8la] X292 yeastd] +E
A aFsl3lH Tl Massart 5(2005)2 12.5 ug/m/ hygromycine
B, 0.25 pg/ml thiram, 5 pg/m/ sumico2 3 7}et PDA Hj
A& wrAe w2 AW3led Botrytis cinerea®t Penicillium
expensum®)| W&t AEZ WA v|AAER] Candida oleophila
strain 0% U E @5tk De Cal $(2005) methyl
bromideZ &%3F EYA Fusarium spp. Pythium spp.
Verticillium spp. 52 D& ZAH] 9814 24 EY ¥
Aol Md wjAE ARR-EFATE Ko E(2005) lipaseS
Agshe rAES AEstr] f1siA 0.01%2] tween 80
Lo HEAZ] 0.1%9] sunflower oil& #71s A& uj
AE AT o]AH M9 wix] e wrAE wizl=
EA4% nAEY Aust BFst 5ol o]8=H2 ot 4
EHAAA C acutatum3 7L SAHF M=
Norman3} Strandberg(1997)= ES3 leatherleaf fern®] &
AENAM A&t HAHY 5 FF3lsl7] #std PDA
o benomylS H7}eH vbdel wiA & A3}

T AEHQ 25 BANE BE&F R WAs
7] M e 27 gL 228 A7 AY ¥
A E2g Yool dt). wEt exH7Y] dFA, d
T F MY dx sl ARtY] A2 53 7 @A
oMo HdHe & AFHoZ AT avt U
wiA B AgodMe Fa8 13 SAEHR] C acutatum
< ZRNA A Bk, EYs AW E= ol A&
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ZAA Ao HdFe UxE AR HelA C acutarum
of t)et wtXEujAE YA} g

Mz X ay

AL gUFE. ST AFAHY F4E Bole
FE=A xR} Bald C acutatum JC249} C. dematium
< Ao AMEEAT). C. gloeosporioides KACC406903}
C. coccodess FEZZH A FoFdto} HAFof ALl
o} HYFES PD(Potato dextrose) AFAMNA o] Hl &}
4CoX Basie A AREsITH

AL® wix), FE 2% gEF C acuraums A
g0z uigd 4= e WA E S st 559
iR & Asted, d3lol| AMS-%F 4%-2] Colletotrichum <
ZFo| A AR A AEE AT Ads A=
712 WA (DE PDAE AHEEtH o, FAEE A A
£ & B9 ASE dAse dAAE Hrrstarh
HiA] TIefls= PDA® 100 pg/m/2] ampicillin® tetracycline
< AUt sided, wiA) Wele wiA] 18] 24l 100 pg/
m/9) carbendazim¥} diethofencarb®] EFAE A 718N}
i =] [velle ®jA MIelA 100 ug/mle] carbendazim 4}
diethofencarb®] &4 th4lell 100 pg/m/2] iprodioned 3
7yatg e, wiA voll= oA AMed BE JARNE F
U3 F=2 sty ARE-stAH.

HYFe FA4 A oA B Aol AREF 4%
HAFE BF 25°CY FAFefol A wiketATt. 547 vy
U3t HAFES FAF AddA AA 5 mme] #AF &
S wojuo] 5FF WX Fdol 7 JFF F,
U =AM 5~7U7F wiekEt e A AAE 2AF
ElFi=g

oA AT olaollAe] HUF Eelot MG =
A 2003 8Y Foll Aluig FFHEY AFoM 2F F
o 2 WA Fo] 25% o] (IV), 5~25% Akel(), 5%
u)wkn), 233 WAE FobE £ gle ZFDE A
o Hedas Bt MAFE AR Y. 3 gl
AZF 100(wv)sEE SR € ¥ blenders
o] &3l 187 A=A ZASkt). olFA £ 15 FA
2 479] cheese cloth® Aste] H 7 71E A Asti .
A3 FAL 3,000 goll A 1027 A E2iste] g

& AAs L, FAE A FFFE A7 g5 2
x

=2 A Fol wAguiR] o] 50w =WsA, 25°C
oA 1F:U7E it Fo JeRd #F9] F& A
o} Aol A3 vt PRl 2= PDAY 100 pg/m/e)
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carbendazim¥} diethofencarb®] &3 A AE H7 M5 o)
Z(A)ek 100 pug/mie] ampicillin? tetracycline 3352
A7rek wiA(B), E) 2 AaAst FHEA S 25 &Y
g wA(C) T Al FF MAE A3

ol FAEF EdolA WYY HE9 AME =
A 2004 2¥ ol AEE IFE AujE FAA 2

K=X
=

A3 Yo vy wiAE o83l HAFe £l
X RAFE ARSI T8 BA g-g gosid
TR EFE HHct WA 29 AAF AL
ArETh AH T B 10 g& 250 m/e) FFol AE
AR F, 150 pme 2 1A 7 X3 AT Eoke] gt
< 4739 cheese clotholl A o3}l Eokel RAEL A
Asta, gk Meujx]o) vlz 50wy =2ekid. 23 9
wjo] B9k FY3A 25°ColA 1FU7 i Fof 1}
e 739 & ZARBI T

WYY F4. A A Aug Hddel C
acutatumA A E &13t7] AaA F EolF 2 primerS
o] &5t PCRE AAIBITE oY 39} EQolA 2y
g Hdde] 4% AMZ - PDA vix| o] HF sl 25°C
o HFEiel A 104 7F Wi F3rTh WA EHAAN C
acutatum®] gAHE FO| FE F AAAALE Fof v}
H3tAdth CTAB #% £94(2.5M NaCl, 0.25M EDTA
(pH 8.0), 0.5M Tris-Hel (pH 8.0), 1% polyvinylpyrrolidone-
10, 1% hexadecyl trimethyl ammonium bromide, 0.5%
sodium dodesyl sulfateyZ 718t 65°CellA 1A A2
3t %, 13,000 g2 1027 AR A AgE 34
3FAct. “4d Al phenol/chloroform/IAA(v:v:v, 25:24:1) &
b BBk 13,000 g2 1587 dA R el AA
DNAE 35315t A€ DNAE 70% ethanold 7}
&td 13,000 g2 1587F A4lB)sle] A2 &, AxA
7 ethanol& A A3t DNAE HaSHTE &A1A
-20°Coll- BE#3t PCR A¥l A3t o)

gA e gt F4& HEAE Cal-1(CCA GGG
GAA GCC TCT CGC GGG CCT)$®t Cglnt(GGC CTC
CCG CCT CCG GGC GG)Et= £ 5-°)A 9l primerst
universal primer® ITS4(TCC TCC GCT TAT TGA TAT
GO)E Moz 747} Al8-3ld PCRE 4331 th. PCR %
A& 94°Co A 4%7} pre-denaturationS 4 A} 8 22,
denaturation, annealing, elongation ©A| & 94°Coll A 30%,
65°CllA 30z, 72°C°ColA 187HE 303] w23l v}
Z) 2} elongation BAIE 72°ColA 787+ A A8k Tt PCR
HEE 2% agarose gelZ o83t 100VelA 6087 A
719538t gelslrt.

a4

AZ & wiA Bl Colletotrichum sppS] A%. C.
gloeosporioides KACC40690-2 T2 Colletotrichum % 2]
HUAERT PDAGANA S ASo] 71 wgkow, PDA
Hjzle] & FAEZY AdAE HIIAE W A
ol 7H A A=A K Table 1). B)A] o) carbendazim
3} diethofencarb& H 7138l 4-& W= C gloeosporioides
KACC40690% C. dematiume A3 KT & AR,
C. acutatum JC249} C. coccodes KACC400102 T3] 2ol
H)&t] A& AR HA T, AjgtE o2 AKo] 7hesit.

33 st EFollA g gUFE 24 Fig. 194 B
© AT 2ol XA AP oy IFME vY
v x| o] FHol mEtx #F9] 7= tEARE 349 C
acutatum®] AF AL #Fo] Yelte g 98 5+ U
ATH HLFE FE3 Eoll G 5~25%] B EAHLS H
ol AFoAN WAFE EIATE Ampicillint
tetracyclineg 7}k &3t A viA XM= C. acutatum
I opFst Algto] A AR WEo) C acutatum®)
TE AR ofEgel AN ¥ A=rt gE
FolA B2 E C acutaum®] = EY P9} 83}
™ Z7FetSitH(Table 2). Evie] 25% o) i E I3
ME C HiAAA 1.6X10° CFUAAS 1 g8 @Fol U
Epsteh. g o] vt wolRlel metx Uelue #359
TE Ao, 5% nTe] ¥ ASE | 1F
dujjoll A= 1.0X 10* CFUAAIS 1 g2l 3ol Yeldt).

2004 29 Foll 23 A XA ANFY 3 159 o]
W 2 &3 EYgoME C viA] AlA C acutatum s
T + UAT}. Table 304 B upe} o] oy 3t
AEAA = 6.0X10° CFUABAIE | g9 3L 38

Table 1. Mycelial growth of Colletotrichum spp. on several
media

Media®
Isolates
1 i m 1v A%
Colletotrichn acutatum JC24  39.9° 313 91 172 72
C. coccodes KACC40010 343 304 144 292 132
C. gloeosporioides KACC40690 56.5 445 0 192 0
C. dematium 247 264 0 217 O

*Mycelial growth of each pathogen was investigated on 5 kinds of media:
I, PDA; 11, PDA amended with 100 pg/m/ of ampicillin and tetracycline;
HI, Medium II amended with 100 ug/m/ of the mixture carbendazim and
diethofencarb; 1V, Medium II with 100 ug/m/ of iprodione; V, Medium
[ amended with 100 pg/m/ of iprodione.

®Colony diameter (mm) on PDA was measured after incubation of
each Colletotrichum sp. for 5 days at 25°C.
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Fig. 1. Pepper fruits infected by Colletotrichum acutatum (left), which were evaluated by different disease severity, and colonies appeared
on semi-selective media by flooding suspension of each pepper fruits. Pepper fruits were evaluated as follows; I, no symptom; II, below
5% of disease severity; ITI, showing disease severity between 5% and 25%; IV, above 25% of disease severity. In this experiment 3 kinds
of media were used; A, PDA; B, PDA included with 100 pg/m! of ampicillin and tetracycline; C, PDA included 100 pg/m! of mixture
both carbendazim and diethofencarb as well as 100 ug/ml of ampicillin and tetracycline. The colony number on semi-selective media was
measured 7 days after flooding the suspension of infected pepper fruits.

Table 2. Number of Colletotrichum acutatum CFU* recovered
from pepper fruits infected by C. acutatum, and showing typical
lesion

Infected pepper fruits®
1 i I v
CFU/g fresh weight 0 10x10* 33x10° 1.6x10°

*The CFU was abbreviated from colony forming unit.

*Infected pepper fruits were classified with 4 types in accordance with
disease sevetity on ftuit, as follows; I, no symptom; II, at least 5% of
disease severity; III, showing disease severity between 5% and 25%;
1V, above 25% of disease severity.

3, EgoAe 25X 10 CFU/ES 1 g8l d&o] Yehstt.
PUFe ¥l IFE ARD EF9 o] A=

498bp

A

s1's2 83 84 85 86 s7 s8 s9s510

Table 3. Number of Colletotrichum acutatum CFU recovered
from plant debris and soil on semi-selective media®

Soil Plant debris
CFU"/g weight 25x%10 6.0x 10

*Semi-selective media was composed as follows; PDA, 100 pg/m/ of
ampicillin and tetracycline 100 pg/m/ of mixture both carbendazim
and diethofencarb, and 100 pg/m/ of iprodione.

°The colony number was measured 7 days after flooding the suspen-
sion of plant debris, and soil from pepper field.

o ESE HorMet $YT WHoR A2t vHdEy)
Ao =ttt Fig. 1MAH B 2% F4=U
=H, 4" FF7t C acutaumAA & AR5 A&

s1°'s2 83 s4 s5 86 s7 s8 §9s10

Fig. 2. PCR products and DNA size markers in agarose gel stained with ethidium bromide for ITS ribosomal DNA primers A, Cal-1
specific for Colletotrichum acutatum; B, Cglnt specific for C. gloeosporioides. Ten isolates of sl to s10 were selected randomly
from colonies appeared on semi-selective media, where suspensions of plant debris and soil from pepper field were flooded.
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dart BACh wdaufA] doA FHE dF FoA
FAZ 10hE st AMZ WiAZ A wYFet
3, FAIEHRE] DNAS FE319t). 323 DNAE template
2 A8 C oacutaum® 5013 %) primerg ©]-8&-3}
ITS¥9 e SRS £33 A3, Fig 20448 A2
3 BE 45 C acutatum©l] 98t} S04 <1 primerol

SJaiM T SE 5=, oF 498 bpe] AL Fold = Uit

L

& SN U T3 Aol e e

S ZAAFE 0% 9908 K857 h(Park
Kim, 1992). 58 23 @A F2 & Adst

A
7] el 1o g FH At & sHE F
A% FHAN HiE I3 BAHFLEZE C
gloeosporioides, G cingulata, C. coccodes, C. dematium,
C. acutatum 5°] Hiso] om, 7} Za3t Wt
92 C gloeosporioidesE& £ JTHParks} Kim, 1992).
A3t 0](2004)= 23] T BAEHE C. gloeosporioides
2 BI3F oY, C gloeosporioidesE &7 3t=dl= B
Ao FeHHA EH S 7EoE ARSI Y. 28y
Kim 52003y 2 A=5402 33 gAHAS A3
st RUEYS A3, 9 @x¥d Aol C acutatum
ol#t Bskg . Bal AFLP WS &3l C acutatum
©] DNAY| T} S ZALste] HR 134 EE¢ C
acutatum®] Alolol= & U S HolA & g F
Ao PA-g Kol UJTHAHA 4, 2004). C. acutatum
3+ C. gloeosporividess BE A 54S Hluste] & uf,
PDA jA| oA e] #F2] M, At AR &= T A
o] F Kol BAxA] FZde vEd o7t Y&
Bolt}. C. gloeosporioidest C. acutatums TH3= F
Q3 7|58 T Fo)] zk= BAEAR] Hel2A, C acutatum
o) BAXZA= C gloeosporioides$t TH2A E A2} ol
WES EAS AT Yok B3k th(Sutton, 1980).
SHAIRE H 2 Colletotrichum? A4S FegH o2 5
Al o] BAE B =N F EF9| Colletotrichum
of et £F9 AN EAYETZ Wy A
of thgh vkg-, FAe] A Fo wol AR th(Freeman
<, 1993, 1996; Brooker &, 1991; Hodson &, 1993;
Johnston¥} Jones, 1997; Corell &, 1993; Alahakoon %,
1994). Adaskaveg®} Forster(2000)= A £219] e o]
oo A &=, AF A2, benomylol e wHE 28]
¥ F FolH primerg ©]8% PCR 5& AH&3t C
gloeosporioides$t C. acutatume TE3IH9TH. 53] & 4

Al ¥ 29 &

b2 sie e wixe) 94 25

d AFNM = Yebd A 2ol C acutatum®] ben-
zimidazoleA] Aol thald AL E Hol= AL o]
n] o] ApAE X E o] lti(Liyanage 7,
1992; Bernstein 5, 1995; Ishii 5, 1998). Ishii 5-(1998)°]
°l&'d C acutatume benzimidazoleAl ArzAlol o st
AL By Bk ohel, benzimidazoleA A+tAl9e=
A4 2k AsdE HRlokal B3E N-phenylcarbamate
Al Aol teiME A4S By HisA. 3
A"t C. gloeosporioides®] 73$- benzimidazoleA] 24|
o thated Agda ZEA ¥eE Hole #4571 T3l
37 FE S o] A 3, N-phenylcarbamated] AtgA|ol oijs)
M B G4 wak A WS Hel Fth o
9} 7o C. acutatum®) benzimidazoleAl A-z-Alel Wit A
A Hkg-2 el g WX E s AMSE U
Norman¥} Strandberg(1997)+= leatherleaf fem2] =2
A C acutatume] B3} 2 £ FAEANA A= A
T AEE F I AE A 935t PDA HiR| o
benomylS H7}ste] whMdBujA 2 ALg-EtH Tt et
benomyl®ll tdte A& Jebl= C. gloeosporioides
o] B¢l A EA S ZAfEo| EATHH benomylS
71ek vk wlRjolA AEo] 7FEEt ) Wi C. acutatum
o] AEE ZAE BV AR A7Evt whebA
B A& ME carbendazimd} diethofencarb®] &3 A
AE wix o] HA7Igo 2N C acutatumPtL T ¢ AE
Aoz Awd £ e Ay WxE FHE & AU
o}, 23U Table 1914 % 2+ vhe} 2Ho] C. coccodes
KACC400103} 728 4F% C. acutatum JC248t 5L
A e RAZE0 2R dde wix|olX] C. acutatum
& Aegdoz A £ Qe e Bo FL Y
L 3% IAAM ] C coccodes?] BEIY obF w7] o
o LEHe YElE F US FEE @S A= A7}
A%k, AA AEE 7] Yeiie ESol o
WEANN C acutatum®] DEZE ZASE #F FoljA
Bhe AT C coccodes®] LG thdle] Fosfok
t}. C coccodess @43 L FATE FAoE BT
1, C acutatum % 5°]18 2] primere] tfsted wk-S-3}
27| e FAYA] A AL 53 F A4S
FaoaEx g wix Y 5&S AsAE

3 AR 2 AEoM e AFE Fol " v

FAE 458 U= 1l At F 5olH primer
Q1 Cal-13} Cglnte} ITS4E A}83te] PCRE 33 2
3}, Fig. 201M 9} 2ol 2% C acutatumdl] 3t 5ol
primerel] thafA1 gk ¥EE-S UEpH o 2R, wbde wjx] 4
o JeERt 70 IRELS C acutatumB S & 5 ARt
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Table 304 EoiF ZIMg whdely wizlo] vehd
C. acutatum® CFUE ERTE o) A& A&
A o] o] et A= C acutatume E7FNM EY
3 ol A E BRoM dFEr AET F Uo E
Urtie oY AAEANAM dFshs £ 300 B #E
£& vol F3 Ao} upehA 23 g WAE 95
A Z7) AGYY EEE Fol7] YsiMe A o]

g9 AAES AASe WS F8IdE AE &

2 o

5 &I Colletotrichum acutatum- 100 pg/ml
9] ampicillin?? tetracycline®} 72 AIEA 3} 100 pg/m/
o] carbendazim3} diethofencarb®] EFAE #7713k PDA
Hjz) oA BolH oz st e W Pt
g 1% GulE ZolM C acutatume] WHAE j=] o
Fet Azl i Amel whdg wfR)o] Yepts B
@4% 7= 49 4 FAE JERT 255 A
27

o mtl rl
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K

ol A WA7e) $8 ZAG A, C acutaum® E
urhs ol wAEeIN o Be 7t WFHU @
de o) vehd HAES BRI 103578 A3
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o gAYt ML FF59 DNAE 2314 C
acutatum 5°14 <2 primerE AHE-3F PCRS F34¢ A3,

RE FF7F C acutatuml 2 1T
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