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Identification, Mycological Characteristics and Response to fungicides

of Anthracnose Pathogen Isolated from Pepper and Boxthorn
in Cheongyang
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Abstract It was conducted to identify all 47 isolates obtained from infected fruits of pepper and boxthorn,
and to investigate the mycological characteristics and the response to fungicides. All of 11 isolates from
pepper were identified as Colletotrichum acutatum included into A2 group. Among 36 isolates from
boxthorn, 14 isolates were identified as C. gloeosporioides, and the others were done as C. acutatum, which
were composed as Al group with 15 isolates and A3 with 7 isolates. After incubating the isolates on PDA at
25°C for 10 days, the colony color of C. acutatum was greyish white, while that of C. gloeosporioides was
orange at center of colony and was gradually turned into an greyish white to the periphery. The rate of
conidia showing ellongated ellipsoidal shape with round ends was over 95% in C. acutatum isolated from
pepper. However, C. acutatum isolated from boxthorn produced ellongated ellipsoidal conidia with the rate of
75%, and the others were pointed at one or both ends. Regardless of species of Colletotrichum, all isolated
used in this study was showed an optimal temperature at 25°C. ECs, values of all isolates of Colletotrichum
spp. to 2 fungicides as carbendazim and the mixture of carbendazim and diethofencarb was investigated by
an agar dilution method. With C. acutatum isolates from pepper belonged to A2 group, the mean of EC;,
value to carbendazim and the mixture of carbendazim and diethofencarb was 0.68 and 3.16 pg/ml,
respectively. In the case of C. acutatum isolates from boxthorn, which were divided into 2 groups as Al and
A3 group, that to carbendazim was 0.21 at Al and 0.24 pg/ml at A3, while that to the mixture was 1.52 and
3.35 pg/ml. Isolates of C. gloeosporioides showed the mean of ECs, value was 0.12 pg/ml to carbendazim
and 0.92 pg/ml to the mixture. The value of resistant factor was higher in the isolates of C. acutatum
obtained in boxthorn than those from pepper.

Key words Anthracnose of pepper and boxthorn, Colletotrichum acutatum Colletotrichum gloeosporioides,
Resistance to carbendazim
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T2 SRS Colletotrichum  gloeosporioides$t C.
dematium 5°] JOI|= Zo2 HIF Jom (C
gloeosporioides”t C. dematium Rt} LAYV =7} Wil Y
A= 745 ckParks} Kim, 1988). 3HA5F Lee (2003)= 7]
b A Wbl x] {2 gk Colletotrichum spp. 72 %
B4, ], FAETH 5AS Al s A,
+H4ES C aculalumﬁé RS 1Ak miR7EA]
2 7R &ste aF A @A digh ezt 4lgh
ZHE2A, B S dod|= WYAFORZ C gloeosporioides,
C. dematium, C. coccodes, C. acutatum, Glomerella cingulata
& 5%°] HarEo] Slth(Parke} Kim, 1992). ]2+ 325 g4
W JA] A -Fo|NE C. gloeosporioides?t X7
Al %0l C acutatum®- 2 ASFIATHKIm et al., 2008).

Colletotrichum&-& T2 oejEH ofdrie} 2 Ao &
e =7, 77, AR, A5 5§ 7150 JAYsio
B S o 07| (Freeman et al., 1996), #8221 Fejo}
715 A& et WY (Freemans} Shabi, 1998), A4
of] o3t Wk-S-(Adaskaveg®} Hartin, 1997) 5°] & WolA=
ohgsiAl Barso] vk aFe Akl 2ol & FRe
7153 AES AE Y& Colletotrichum®] 0] AU 1=
3lal(Adaskaveg®t Hartin, 1997; Zulfigar et al., 1996), C.
acutatum® 7o) o}RIIE, ot wWy| Al Hiol B
oy 71572 AYs7|= 3tk (Adaskaveg®t Hartin, 1997;
Bernstein et al., 1995; Freeman3} Shabi, 1998). ¥1F oY
2} Colletotrichume 591 W} 3 5Fo]8 4] #4121 benomyl
o tigh 7H4de] ‘:PE}H C. gloeosporioidese 7773, C.
e o1 t}(Adaskaveg®} Hartin,
1997). Chung 5(2006)< C. acutatums benomylZ} dietho-
fencarbol] ek WHEOME BT HIZES l‘i"]‘jrl 3}951
3L, C. gloeosporioides= 7 “d=tA|ol| djste] <
AdS Hol @A Sl AtAlo] oigt
7F AL B skt
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= A EAe] Feje A7), AR £,
2719 Fe 9 717U 55 T ‘E}X
3 THFreeman et al., 1998). &4} FE|Z]
HAFS =A3tva & ), 7 EFo] A=
Fsle wiA] Foll wet 22 A= &HE]E A A}
719 2ol o A4E AL, AR —53*3 A dAA
o] gl 7-57F BAs7] wiol HZell= Aol
¥ def - YA EAE AR B “'—{Ll"iv: 244
o]-gaA FHAL Tl BAH
tH(Adaskaveg®} Hartin, 1997).
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Ao ARSI TE T3 DNAS 1.5% agarose gelS A&
st 1X TAE buffer’doll Al 100 Viem®e] Ao =2 3027
Z719% % UV illuminatoro] X A DNAE 7|52 % §&
= eIl #91E DNAE T 0.01 pg/mle2 A Fst
of Ao ARE-sisitt.

ITS 99¢] DNAE 53317] 918 Kim 5(2008)°] ARE-
Sk primer ITS5 (5-GGA AGT AAA AGT CGT AAC AA-
399} ITS4 (5-TCC TCC GCT TAT TGA TAT GC-3)& At
43l0] PCRS 3t W28 3141 DNA 5 plol
10X KAPA Tag buffer (dye 5 ul), NTP 5 pl, ITSS primer
(10 pmoles/pl) 3 pul, ITS4 primer (10 pmoles/ul) 3 ul, Tag
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oM EEE Colletotrichum?:o| 231= 477 45 PDA
WA 251, 25°C9}F 30°Col A wlkslEA 2dnit)
&0 A72 AT

SETO| et DR IR BHERY BS EA

90 A7 FAF 3 4709 139 717 @A)
carbendazim (ai. 95%, Tech.)#, carbendazim/diethofencarb
o] FAl(ai. 25%+25%, WP)o thet AetA] vhg-g ZALs)H
°ﬂt} WS PDA MRl HEskal 25°Ce] 271004 7

2) 7k wjokst & AL A 9ol 27 5 mme] 7AF %

% wlojuje] 7F kAl S FEEE H7let 22 PDA
Aol HEIAT) A S 238417 7] Y5t Ll 2 carben-
dazime dimethyl sulfoxide(DMSO)E, 12| 3L carbendazim
3} diethfencarb A= AdsFTE ARSI & A
Al 2% PDA HijAol| H7sted HEF=7} 0.01, 0.1, 1, 10,
100 pg/ml7t = =5 8]A43191.9H, carbendazim®] 73-9- PDA
B2 JellA o] DMSO9] #HE Trw 1%/t 84 REF =
Asisitt. o] W PDA iAol Al QS WAsl] 9
A 300 ug/mle] streptomycing 716l HAEE H

F3 A= 25°CellM TR Wil ¥ EEe] A S 54
SIS, oIS 718 o2 PDA HiA| AJolx 9] 152
2733t wlatste] A A A& (%)e ﬁwo} t}. 77}
o] A7} W ate] FAMEEE 50%2E 90%E Ak &
590 ECsofk ECoofkE 7stod abatAloll 7Jr EaR
A =S waLsiei.
24 ¥ 0F
ISy g7|Me Mg S8t Bl T 53

e S5 A,

=

ITS59} ITS4 primers ARS8l ITS 992
550 bpe] PCR 2HeS 45 & 3l
F243le] 42 DNA 97] AES
A& TSI FF AGe] a5 IR F 470
9] Colletotrichum?s 55 EsIAth. AYt 2319
TZIAA AN A RS 16702 75 SolA4 10CMCTI-1
7} 10CMCTI1-25 A2gh U ] @45+ C. gloeosporioides
RG4 732955% 7ol 188 ¥/4335M DNA @714 go]
98% ©’d AXI8led C. gloeosporioidesZ. 573 SIS tHFig. 1).
TR EAe] HE 712 DufellA #2]% 10CMCT1-1
3} 10CMCT1-2, &34 8§k 10CMCU1-1, 10CMCUI-
2, 10CMCUI1-3, 10CMCU2-1, 10CMCU2-2, 10CMCU2-3
S o o5, Aol E8$ 10CMCC2¢E 10CMCC3,
JHo) A E2d 10CMCCN1Z 10CMCCN2, H]EHoj
A £2]3k 10CMCB1, 10CMCB2, CMCB3= C. acutatum
9] Al ZZFol &3= C. acutatum PT30 AJ2922509 &L
o 252 FAEIATE =gk AdHelA 8§ 10CMCCN3
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Fig. 1. Phylogenetic tree based on the sequence of a 550 bp PCR product of 5.8s-ITS region. Numbers on nodes are bootstrap values,
the frequency (%) with which a cluster appeared in a bootstrap test of 1,000 runs.
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Table 1. Isolates used in this study, host plnats, and colony color of Colletotrichum spp. obtained from infected fruits of pepper and
boxthorn cultivated in Cheongyang

Host Pathogen Isolates Colony color®
Boxthorn Colletotrichum gloesporioides 10CMCT2 orange in the center, grayish white in the periphery
10CMCT3 orange in the center, grayish white in the periphery
10CMCT-4 orange in the center, grayish white in the periphery
10CMCT-5 orange in the center, grayish white in the periphery
10CMCT-6 orange in the center, grayish white in the periphery
10CMCT-7 orange in the center, grayish white in the periphery
10CMCT-8 orange in the center, grayish white in the periphery
10CMCT-9 orange in the center, grayish white in the periphery
10CMCT-10 orange in the center, grayish white in the periphery
10CMCT-11 orange in the center, grayish white in the periphery
10CMCT-12 orange in the center, grayish white in the periphery
10CMCT-13 orange in the center, grayish white in the periphery
10CMCT-14 orange in the center, grayish white in the periphery
10CMCT-15 orange in the center, grayish white in the periphery
Colletotrichum acutatum 10CMCTI-1 orange in the center, grayish white in the periphery
10CMCT1-2 orange in the center, grayish white in the periphery
10CMCU1-1 orange in the center, grayish white in the periphery
10CMCU1-2 orange in the center, grayish white in the periphery
10CMCU1-3 orange in the center, grayish white in the periphery
10CMCC-2 orange in the center, grayish white in the periphery
10CMCC-3 orange in the center, grayish white in the periphery
10CMCU2-1 orange in the center, grayish white in the periphery
10CMCU2-2 orange in the center, grayish white in the periphery
10CMCU2-3 orange in the center, grayish white in the periphery
10CMCCN-1 orange in the center, grayish white in the periphery
10CMCCN-2 orange in the center, grayish white in the periphery
10CMCCN-3 grayish white
10CMCB-1 orange in the center, grayish white in the periphery
10CMCB-2 orange in the center, grayish white in the periphery
10CMCB-3 orange in the center, grayish white in the periphery
10CMCB-4 grayish white
10CMCB-5 orange in the center, grayish white in the periphery
10CMCB-6 orange in the center, grayish white in the periphery
10CMCB-7 orange in the center, grayish white in the periphery
10CMCB-8 orange in the center, grayish white in the periphery
10CMCB-9 orange in the center, grayish white in the periphery
pepper Colletotrichum acutatum 10PPCC-1 grayish white
10PPCC-2 grayish white
10PPCC-3 grayish white
10PPCU-1 grayish white
10PPCU-2 grayish white
10PPCU-3 grayish white
10PPCCN-1 grayish white
10PPCCN-2 grayish white
10PPCCN-3 grayish white
10PPCB-2 grayish white
10PPCB-3 grayish white

% Colony color of Colletotrichum isolates was investigated 10 days after incubation on PDA at 25°C.
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AL MO 7HHA Sy} S3E = oS HolFa
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F71A A B8 36 oA C. acutatum 10CMCU1-
1, 10CMCC2, 10CMCU2-3 5 37 @59}, 1171e] I3 &
F ZoM C. acutarum 10PPCU1, 10PPCU2, 10PPCCNI
5 Il #FE Mgl BAEAe] A7)9 JEE AV
ATH(Table 2). T-71AF| A E2leh Hdde BAxA A7
I &AL (10.09 +£2.03) x (4.10 £0.71) pmo]Jom, 73
oA gk Weltel A DS (10.34 + 1.84) x (4.56
+£0.71) ymE F 25 7kl Fo4 A= Aele AT &
REALS] BFE ARG A3}, a5oA el 459
717l A ZE gk 5= 7kl Apolzh ATk AFeA e
St C acutatum 45+ Kim 5(2008)2] H 19} o] oF
o] T AFY A HEo] Het 95%R1 WHH, 7]}
A 228 C acutatum 455 FE5HQ EAFL] H]&0] 75%
2 | Hlste] wolt) 7)) @Ayl e Wy

Z

Bottom

T 9.7%%, A5 HAFET £ HEE ekt

ofztolA B3 C acutatum® EAYEIA FejE A=
S Ak g & Eo] WS JEjE UERdTH(Adaskaveg
9} Forster, 2000). A5 2o B3 C. acutatume
o] EARe] o] S AFEFolIen, 171 ©AY
o 75%7F A5 SR 22 A el A=
FAe] Fo| WESITE C. acutatum®] e E3 o] A
W 5749 7130] H710le A 7HA] dl9Ad dE9]
EHoE E7FsE A o2 Azttt

Btx o 2= ZAL M&
B AFo A ARREE 479 RE 55 Colletotrichum
9] Zof FAIGl0] 30°CHTR= 25°Col| A FAF A o] 1 wit

Fig. 2. Morphological characteristics of colonies of Colleto-
trichum gloeosporioides 10CMCT-9 (A) and C. acutatum
10CMCU2-3 (B) isolated from boxthorn, and C. acutatum
10PPCU-2 (C) isolated from pepper, which were inoculated on

PDA and incubated at 25°C for 10 days under the dark condition.

< el x 3taL, AbgelAl 28§ C. acutatum®) 735
e T34, A4 e S e A= letl(Kim et
[e)

al,, 2008), 7717 WA 2] e S 919 T4

gteh. 1Feh 1712 S-S 25°C] PDA HiA o 4] ul
g I FAMIEES AR A, IFolA et
C. acutatum 452 94Y Hd FAKIFES 7.1 mm/Yo]
o, A B3 C acutatum 4552 4Y H
o AEELS 6.9mm/Y, C. gloeosporioides T2 73

Table 2. Size and shape of conidia of Colletotrichun acutatum isolated from infected fruits of pepper and boxthorn in Cheongyang

Size (um) of conidia Composition ratio of conidia Shape

Hosts Isolates - - - —
Length Width fusiform mixed cylindrical

10CMCU1-1 10.66 +2.37 4.13£0.79 17 13 70
Boxthorn 10CMCC-2 9.69+2.12 3.90+0.76 17 6 77
10CMCU2-3 9.93 £ 1.60 428+0.58 12 10 78
10PPCU-1 10.19+ 1.53 437£0.73 3 3 94
Pepper 10PPCU-2 10.60 +2.26 4.75+0.72 0 2 98
10PPCCN-1 1023+ 1.72 4.57+0.69 1 6 93

% Conidia were harvested from each colony of C. acutatum isolates, which were incubated on PDA at 25°C for 10 days. One hundred of
conidia of each isolate were observed under a light microscope, to investigate size and shape.
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Table 3. Mycelial growth rate of Colletotrichum acutatum and C. gloeosporioides isolated from infected fruits of pepper and

boxthorn in Cheongyang
) Range of Mean of
Hosts Pathogens Number of isolates growth rate (mm/day) growth rate (mm/day)
used in this study
25°C 30°C 25°C 30°C
Boxthorn C. gleosporioides 22 3.7~13 1.7~-3.1 6.6 2.6
C. acutatum 14 4.0~7.9 1.6~3.4 6.9 2.6
Pepper C. acutatum 11 4.9~8.4 2.1~3.5 7.1 2.6
* Each isolate was incubated on PDA at the indicated temperature under a dark condition.
®; Colony diameter of each isolate was investigated everyday, to calculate the mycelial growth rate per one day.
=
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= J
E } 20°C
£ - S T T R q =
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Fig. 3. Mycelial growth of Colletotrichum gloeosporioides (10CMCT-3, I0CMCT-5, 10CMCT-8 and 10CMCT-10) and C. acutatum

(10CMCU1-1, 10CMCU1-2, 10CMCU2-3 and 10CMCB-4) at each temperature, such as 20, 25, and 30°C. Except for KACC40690
which was isolated from infected pepper fruit and identified as C. gloeosporioides, all isolates were obtained from boxthorn collected
in Cheongyang. For calculating mycelial growth rate per one day, everyday was investigated the colony diameter of each isolate on

PDA at the indicated temperature.

Folle 6.6 mm/AE WERY, HEjE 758 7F Hlte] F
7kl dARIAE = 2k 7F f1A Tk (Table 3). 30°CellA] Al
aFe &ahe BAWe] dY Hd HAREES 26
mm/d 2 FLsTE F7NRbA E S C. gloeosporioides
10CMCUL-1 & 41 w59} C. acutatum CMCT3 5 47}
45 Adste] IFoX £2]8 C gloeosporioides KACC
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ES ZARIAT Fig. 3014 e 3 7o) aFeA £
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2gt C. acutatum®}t C. gloeosporioides®] &N d5HT}
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25°CETHE 30°ColM 4 Bt dAREEol 11.98 £
1.53 mm/A & 7Pg Wit

Adaskaveg®} Forster (2000Y= C. acutatum} C. gloeos-
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CarbendazimZ} carbendazim/diethofencarb & X 2| TApAM
I N

I B3 C acutatum A2 &3 49 car-
bendazimell Wet H+t ECsdk-2 0.68 pg/ml= 228} o)
9= 0.21-1.39 pg/mlo] AL, ECy#kS 25 100 pg/ml ©]
o] tH(Table 4). T+71ANM B8 C. acutatum 4F 5
ANx Al 2F9l &dh= 15379 Bt ECsydk> 0.21 pg/
ml (0.01-1.75 pg/ml Ato])o]R o™, 10CMCU1-2E A|9| g
14758] ECo?b-S 100 pg/ml ©]4d0]lt}. 819k A3 28
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Table 4. Effect of carbendazim and mixture of carbendazim and diethofencarb on the mycelial growth of Colletotrichum acutatum
and C. gloeosporioides

Hosts Pathogens Isolates Carbendazim Carbendazim/Diethofencarb
ECs* EC9Oh ECso ECq
Boxthorn C. gloeosporioides 10CMCT2 0.03 >100 0.31 >100
10CMCT3 0.06 >100 0.28 >100
10CMCT-4 0.02 >100 0.37 >100
10CMCT-5 0.12 > 100 1.17 >100
10CMCT-6 0.31 >100 0.67 >100
10CMCT-7 0.09 >100 0.86 > 100
10CMCT-8 0.03 > 100 1.33 >100
10CMCT-9 0.05 > 100 0.72 >100
10CMCT-10 0.04 > 100 1.11 >100
10CMCT-11 0.28 > 100 0.88 >100
10CMCT-12 0.09 51.33 0.44 > 100
10CMCT-13 > 100 > 100 0.97 >100
10CMCT-14 0.32 > 100 2.46 > 100
10CMCT-15 0.17 >100 1.29 >100
C. acutatum 10CMCU1-1 >0.01 > 100 2.72 >100
10CMCU1-2 0.05 28.99 0.45 >100
10CMCU1-3 0.50 > 100 1.73 >100
10CMCC-2 1.75 > 100 473 >100
10CMCC-3 >0.01 >100 0.73 >100
10CMCU2-1 0.01 > 100 1.71 >100
10CMCU2-2 >0.01 > 100 3.48 > 100
10CMCU2-3 >0.01 > 100 0.45 > 100
10CMCCN-1 >0.01 > 100 2.01 > 100
10CMCCN-2 >0.01 > 100 1.88 > 100
10CMCCN-3 >0.01 > 100 221 > 100
10CMCB-1 0.02 >100 0.26 >100
10CMCB-2 0.01 >100 0.24 >100
10CMCB-3 0.72 >100 0.91 >100
10CMCB-4 0.10 62.15 0.89 > 100
10CMCB-5 0.22 58.35 1.13 >100
10CMCB-6 0.07 > 100 0.43 >100
10CMCB-7 0.57 > 100 3.16 > 100
10CMCB-8 0.10 35.28 0.60 >100
10CMCB-9 1.85 >100 15.05 > 100
10CMCT1-1 0.07 > 100 1.01 > 100
10CMCTI1-2 >0.01 > 100 0.46 > 100
Pepper C. acutatum 10PPCC-1 0.45 >100 1.85 >100
10PPCC-2 0.21 > 100 1.45 > 100
10PPCC-3 1.22 >100 5.06 >100
10PPCU-1 0.30 >100 3.35 >100
10PPCU-2 0.76 >100 3.59 >100
10PPCU-3 1.03 >100 3.38 >100
10PPCCN-1 0.83 > 100 3.40 >100
10PPCCN-2 1.39 > 100 4.83 >100
10PPCCN-3 0.53 > 100 2.75 > 100
10PPCB-2 0.23 >100 2.09 > 100
10PPCB-3 0.51 > 100 3.03 >100

# Effective concentration (pg/ml) reducing the mycelial growth by 50%.
b Effective concentration (pig/ml) reducing the mycelial growth by 90%.
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