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In August 2020, 377 anthracnose strains were isolated from anthracnose-infected peppers collected from 25
farms in Sunchang-gun, Jeollabuk-do. Inhibition rate of mycelial growth of 11 pepper anthracnose fungicides
registered in Korea was investigated for 62 strains selected by region and the degree of susceptibility to each
fungicide was investigated. As a result of the fungicide susceptibility test of anthracnose to the fungicide,
no resistant strains were observed in fluazinam, prochloraz manganese, and benomyl, but resistant strains
appeared in at least three areas for other fungicides, and all strains in all regions were resistant to dithianon.
Through this, it was confirmed that the fungicide resistance was expressed in the strain group due to the
continuous treatment of the fungicide in some areas. By region, resistant strains to seven pesticides appeared
in Sunchang-eup and Paldeok-myeon, and resistant strains to six pesticides appeared in Geumgwa-myeon,
Bokheung-myeon, Ssangchi-myeon, Yudeung-myeon, and Pungsan-myeon. There was no significant correla-
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tion between fungicide registration time and emergence of resistant strains.
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HE I3 o5H | E A UHA 30%-50%
o @3t= & &4 oF7Ith(Park, 2001). $-2|Lttof| A
o) AL Qo )= HAF O 2 E C acutatum, C. coc-
codes, C. dematum} C. gloeosporioides7}t 0*8174 Q) o} (Park

3} Kim, 1992), FZol|&= C. acutatum©] 38k QIthKim 5,
2008)
T3 XY 5|2 9E|A] 22 AAAA|E o] L3t slelkA v

1
& ALgot ), Frfol 437) Bo] 23 A
A& A2 5 =59 ¢tk (Rural Development Adminis-
tration Pest|C|de Safety Information System, 2021). =Fujjof| 4]
A A soFoll gt AR dwte] WS o2 EHE
A3 A 3fl(ergosterol biosynthesis inhibitor, EBI) 44|21
triazoleA| ‘2F myclobutanil, tebuconazole, hexaconazole,
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prochlorazol| Al B 1= 3131 (Kim 5, 2005; Park 5, 2002), A|3E
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dazim, thiophanate-methyloj| 4] 12 11 %%} ©H(Kim &, 2007),
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Table 1. Fungicides used in this assay

v &2 Zet T AH75%
EtOH 30%, 1% NaOCl 20%, H50)| A 33] A|A) & E3EAH]
) (water agar, WA)ol| X]AF8}e] 25°C incubatorol| 4] 8ok}
o H1%F 2390 5 WAo] FAE A TS wlojujo] BAHek
Hj Z|(potato dextrose agar, PDA)o]| X|4}3}e] 25°C incubator
oAl vaFstol vheps S9E ol SRS RSt &

ol B o] 2 B 2502k POA ALEIAE ol 8
sfo] A2l Bashe] gl gtk RelE BAYRS
ribosomal DNA-internal transcribe spacer (ITS) &7| 4 E v
2 53 542 ST HIoFE SHO 2 A 17 25
£ PDA AFoj| A vl 9F3t 3 DNeasy Plant Mini Kit (Qiagen, Hilden,
Germany)2 0|-83}o] gDNAE FE31%t] 3145t gDNA (30
ng/ul)E White 5-(1990)0]] 7|&% W2 ITS1 (5-TCCGTAG-
GTGAACCTGCGG-3'2} ITS4 (5-TCCTCCGCTTATTGATATGC3') i
gtolmz S& T AT S5H H71A 8-S BLAST &L
gE % AT 4= 0]-8-5ko] NCBI genebanko] X% ¢
713} vl skt H71AM ] AlE T w42 CLC sequence
viewer 8.0.0 (Qiagen) T = 13- o] &
jukes-Cantor {Ho]| 2Jsf) £AJ5}3iTk.

3} neighber-joining 2

EtREol A
oA PAGOE 55

ALROf| CHSH ZEA EAL 20204 @R Hjl—",‘—
= AFA| 437 % shakd 240]

Common name Chemical group Mode of action, target site and code’ Introduced year”
Fluazinam WP (50.0%) Dinitroaniline (€5 2005
Propineb WP (70.0) Dithiocarbamates M 1990
Pyraclostrobin WG (20.0) Strobilurin a3 2019
Azoxystrobin SC (21.7) Strobin c3 2012
Iminoctadine tris(albesilate) WP (40.0) Alkyl M 1997
Chlorothalonil WP (75.0) Organochlorine M 1981
Prochloraz manganese WP (50.0) Imidazole G1 2014
Thiophanate-methyl WP (70.0) Carbamate B1 1981
Benomyl WP (50.0) Benzimidazole B1 1981
Tebuconazole WP (25.0) Triazole G1 1995
Dithianon WP (75.0) Heterocycle M 1998

®Refer to Fungicide Resistance Action Committee (2021).
*Registrated in Korea.

‘WP, wettable powder; WG, water dispersible granule; SC, suspension concentrate.

dPercentage of active ingredient.
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E 1) AwAIE Adbsto] Ao ARGtk 238 At
A= dithianon (3|8 2&H4)), thiophanate-methyl (Z}H}H]| o]
EA), benomyl (AX]u]t}EA), chlorothalonil (71824 A)),
propineb (T]E] & 7}8}alo] E A)), iminoctadine tris(albesilate)
(& ZA)E A8l L, EBl AHFA| 2 tebuconazole (Eg]ot=E
A)), prochloraz manganese (0]R|t+EA)) & A¥sH$ L, stro-
bilurinA] A+A| 2 azoxystrobin (& E 2H14)), pyraclostrobin
(AEZYFAUA)S Adstlar, 11 ¢ fluazinam (HUE Zo}
A& AHESESIT o] S woFe] At 2H 7| &of A=
Fungicide Resistance Action Committee (2021)2] F =oj) &J3j

&2 glrkTable 1).
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W 257 2 3Au 2|9 2] gAY olP = RE EEE 3777
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2} C. gloeosporioides 571 55 A|GEE Adslo] F 6274
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T e 1A ER7|= 121°Co0| A 1527 At sk 4
3l Aol sof2 AR ¥ol, 600 ml PDAY| woFo] -F-a/d
E2FO 2 1000 a.i. pg/ml F7He 4= J == 5111, 0] HoFo|
H7HE NS A At et At 5 0]8-510] 10u)4 349t
© 224 100.0,10.0, 1.0,0.1,0.01, 0.001 a.i. pg/mle] 5=7} &&=
£ 3tqith 24 s &2 SAE AA 8 1 mlE 50-55°CE 4]
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agar plugE 4|5k, 220 A+tAl S F =B 2 71T oFA)
2] e} 37} PDA Hjj %] (control)of] 2¥HE.0 2 2]4}513iTt. 2]
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ZolE SAsto] AdAlol gt FAME A &S £AFEHS
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Fig. 1. Mycelial color pattern of Colletotrichum acutatum (8-9) (A)
and C. gloeosporioides (34-15) (B) on potato dextrose agar at 25°C
after 7 days.
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Colletotrichum acutatum isolate ACUBP1 (KJ627843)
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34-15
Colletotrichum gloeosporioides isolate CATAS-CGO1 (MT07870¢

Fig. 2. Phylogenetic analysis of rDNA sequences from 17 Colletotrichum isolates, Colletotrichum acutatum and C. gloeosporioides. Numbers
in parentheses indicate GenBank accession numbers. Bar means 6 substitutions per 100 nucleotides.

Nr= EF AR &F FollA AwtAlol thel A2 =
ol5 Uehll= w77 TEEA e, 0|9 A=tAof| o
A= ST Al FRAE T oA AT A
A& Yef= 52 YHSIeE Propineb+= 10.0 a.i. ug/mlof|
] 48719] C. acutatum w2} 4702 C. gloeosporioides w5+
7F AFAAES RN, 9709] C. acutatum w52} 1719] C.
gloeosporioides w57+ 74-& LR QItE Pyraclostrobin
£.10.0 a.i. pg/miol A 21709] C. acutatum FF7F AFAES
BRI, 36709 C. acutatum «5+2} 5712] C. gloeosporioides
+F7F A4S UERHRITE Azoxystrobin 10.0 a.i. pg/ml
ol A 55712 C. acutatum 52+ 47§€] C. gloeosporioides
F7F 23S Rl 2719] C acutatum 52 1709 C.
gloeosporioides w57t Z444& YEFYRIth Iminoctadine
tris(@albesilate)+= 1.0 a.i. ug/mlol| A C. acutatum F+= 25
A4S Yebd v, 5709 C gloeosporioides T+ 25
#AE eI Chlorothalonil2 10.0 a.i. ug/mlof| A 47
7€ C. acutatum w52} 271 2] C. gloeosporioides w57} #1&
AS Yehgela, 10719 C. acutatum #4352} 37119] C. gloeo-
sporioides 57} A& YER It Thiophanate-methyl
2100 a.i. pg/mlol A 1719] C. acutatum #FF7F A3AEE Y
EF AL, 5670] C. acutatum w52} 5712] C. gloeosporioides
+37F A4S YERHITE Tebuconazole2 1.0 a.i. pg/ml
oA C. gloeosporioides w5+ 2% A< VErH whd,
C. acutatum 43 5= 7F4AS Uit Dithianon&

1.0 a.i. pg/mlof| A 2E #5271 A3AS Uepth(Table 3). &
o]k AFF2 iminoctadine tris(albesilate) 1.0 a.i. ug/mloj| A
C. gloeosporioides 57 ¥+F 257} 7r=/d& Yebd ¥, C
acutatum 577)) 43 RE= #3AL VJEH I, tebuconazole
1.0 a.i. pg/mloll A= C. gloeosporioides 57} w7 257} A4
< Uehd B, C acutatum 577 45 25 AL VR
t} Kim 5(2004)-& chlorothalonile] gt B-AHH#9] 44
H3}= C acutatum w59 C. gloeosporioides w55t} T
Aokl B =1, Colletotrichum spp.7} ¢FA| o) what
So]2] 7144 UhhRle] el 53 o 2412 B8
7k Qlek

AqEE HokS o &AW Aol BHE 455 F
ofof| et A+ S8 b Lk /59 15,
558 388, 45 <3, 59 Y, «45 244
o]| A= propineb, pyraclostrobin, azoxystrobin, iminoctadine
tris(albesilate), chlorothalonil, dithianono] il A3} +3F
7H AL, SAME R E et 5 @lolE]ollAl+= propin-
eb, azoxystrobin, iminoctadine tris(albesilate), chlorothalonil,
dithianono]l tjsll A&Hd 571 A <4 449
of| A= propineb, azoxystrobin, iminoctadine tris(albesilate),
chlorothalonil, tebuconazole, dithianono]] tjal| A8+ #3F=
7h s, Bele Aok, Tew e, gud g4k,
T WEY, BTE 2P, N A, 23S WA,
G5 Ao 4= propineb, pyraclostrobin, azoxystrobin,
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Table 2. List of diseased pepper of anthracnose samples from which the Colletotrichum spp. were isolated and number of isolated C. acuta-
tum and C. gloeosporioides identified by morphological characteristics on potato dextrose agar

No. of isolates

Isolates Location® Sampling date
Colletotrichum acutatum C. gloeosporioides
001 15(1)° 0 Geongok-ri, Yudeung-myeon 18 Aug 2020
002 16 (2) 0 Geongok-ri, Yudeung-myeon 18 Aug 2020
003 15(2) 0 Yujeong-ri, Pungsan-myeon 18 Aug 2020
004 14(1) 0 Yujeong-ri, Pungsan-myeon 18 Aug 2020
005 11(1) 4(2) Jangdeok-ri, Sunchang-eup 18 Aug 2020
006 7(2) 6(1) Jangdeok-ri, Sunchang-eup 18 Aug 2020
007 15(3) 0 Oei-ri, Yudeung-myeon 18 Aug 2020
008 15(2) 0 Jangan-ri, Paldeok-myeon 18 Aug 2020
009 15(1) 0 Jangan-ri, Paldeok-myeon 18 Aug 2020
010 15(1) 0 Changdeok-ri, Paldeok-myeon 18 Aug 2020
011 15(2) 0 Changdeok-ri, Paldeok-myeon 18 Aug 2020
012 15(2) 0 Yongsan-ri, Paldeok-myeon 18 Aug 2020
013 15 (1) 0 Yongsan-ri, Paldeok-myeon 18 Aug 2020
014 15(3) 0 Bangchuk-ri, Geumgwa-myeon 18 Aug 2020
024 14 (3) 0 Jupyeong-ri, Bokheung-myeon 25 Aug 2020
025 14 (3) 0 Jeonam-ri, Ssangchi-myeon 25 Aug 2020
026 16 (3) 0 Jupyeong-ri, Bokheung-myeon 25 Aug 2020
027 15(3) 0 Sunhwa-ri, Sunchang-eup 26 Aug 2020
028 17 (3) 0 Changsin-ri, Yudeung-myeon 26 Aug 2020
029 17 (3) 0 Gyoseong-ri, Sunchang-eup 26 Aug 2020
030 15(3) 0 Baeksan-ri, Sunchang-eup 26 Aug 2020
031 15(3) 0 Geongok-ri, Yudeung-myeon 26 Aug 2020
032 16 (3) 0 Ganam-ri, Sunchang-eup 26 Aug 2020
033 14 (3) 1(1) Duseung-ri, Pungsan-myeon 26 Aug 2020
034 14 (3) 1(1) Sunhwa-ri, Sunchang-eup 26 Aug 2020

°Sunchang-gun, Jeollabuk-do.

°Number in bracket means number of isolates used in fungicide resistance experiment.

iminoctadine tris(albesilate), chlorothalonil, thiophanate-
methyl, dithianon®|| t3l| A&/ o7t Aot =%
< 7Ig 8o A& propineb, azoxystrobin, iminoctadine
tris(albesilate), chlorothalonil, thiophanate-methyl, dithianon
o o) Mg F27 WSt o, FAaE Eaele) &
A5 £35h2]o)| A= propineb, azoxystrobin, iminoctadine
tris(albesilate), chlorothalonil, thiophanate-methyl, tebucon-
azole, dithianon®]] T3] A3Hd w71 LAY s ch

oFA9] 5 Al7]ek Tedste] BekS w, 1990 o] S5
propineb, iminoctadine tris(@lbesilate), chlorothalonil, thiophanate-
methyl, benomyl, tebuconazole, dithianon = propineb, iminocta-
dine tris(albesilate), chlorothalonil, thiophanate-methyl, dithianon
AN Aol AHEE 5 F 13 ol4to] A S e
O, benomyl¥} tebuconazoled| A= A4S e &= o
7} 570 o84t 2000 o]l 5-=4 fluazinamS A4
437t 288kA] &otar, 20108 o] 525 azoxystrobinit
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Fig. 3. Differential responses of 62 isolates of Colletotrichum acutatum and C. gloeosporioides to fluazinam, propineb, pyraclostrobin, azoxys-
trobin, iminoctadine tris(albesilate), chlorothalonil, prochloraz manganese, thiophanate-methyl, benomyl, tebuconazol and dithianon. The
isolates were grown on potato dextrose agar with various concentration of fungicides for 7 days at 25°C in darkness.

Table 3. Frequency of fungicide resistant-isolates of Colletotrichum spp.

collected from different localities of Sunchang-gun in Jeollabuk-do

Locality ‘ No. of a No. of resistance isolates
isolates FI® P Py Az Im C PM TM Be Te Di

Surﬁsng 18/4 0 (712.67)C (12.2) (92515) (8112.38) (717?8) 0 0 0 (12.2) (155.0)
Gemu;ne%\:nva 3/0 0 (10?).0) (103(;).0) (10?).0) (10?).0) (10?).0) 0 0 0 0 (10?).0)
B?f;iiﬂg 6/0 0 (62.7) (53.0) (835.3) (180) (835.3) 0 0 0 0 (10%.0)
S?;Scf:l 3/0 0 (130) (3;.3) (103:).0) (130) (6;7) 0 0 0 0 (1036.0)
Y—:’?yeeuonng 12/0 0 (81303) 4 ';57) (11020) (11020) (759.0) 0 0 0 0 (1 (;éO)
f):'ll;‘eeg: 90 0 (1 0%.0) (5;5.6) (1 0%.0) (1 20) (62.7) 0 (1 ‘:.1 ) 0 0 (1 0%.0)
Prl:qnygeia: o1 0 (130) (856.7) (856.7) (102.0) 0 0 0 (ul.a) (102.0)

*Number of isolates as Colletotrichum acutatum/C. gloeosporioides.

bFI, fluazinam; Pr, propineb; Py, pyraclostrobin; Az, azoxystrobin; Im, iminoctadine tris(albesilate); Ch, chlorothalonil; PM, prochloraz manga-
nese; TM, thiophanate-methyl; Be, benomyl; Te, tebuconazol; Di, dithianon.

“Percentage of resistant strains appearing.
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Fig. 4. Differential responses of 10 isolates of Colletotrichum acutatum (8-9, 12-3, 24-1, 25-8, 26-9, 28-5, and 32-12) and C. gloeosporioides
(5-13, 33-6, and 34-15) to fluazinam, propineb, pyraclostrobin, azoxystrobin, iminoctadine tris(albesilate), chlorothalonil, prochloraz manga-
nese, thiophanate-methyl, benomyl, tebuconazol and dithianon. The isolates were grown on potato dextrose agar with various concentra-

tion of fungicides for 7 days at 25°C in darkness.
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