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Abstract Anthracnose disease caused by Colletotrichum spp., was one of the most serious disease in
persimmon (Diospyros kaki). This study was evaluated to survey of Colletotrichum horii isolated from
Sangju, Gyeongsangbuk-do and Yeongdong, Chungcheongbuk-do at 2016 growth responses on demethylation
inhibitors (DMI) fungicides (prochloraz manganese complex, fluquinconazole+prochloraz, metconazole, tebuconazole)
media. All isolates collected Sangju (127 isolates) and Yeongdong (148 isolates) showed inhibited mycelium
growth over 91% on media with DMI fungicides in this experiment. Average ECs, values (ug/ml) was lower
in Yeongdong isolates than Sangju excepted prochloraz manganese complex. The lowest ECs, value was
0.004 ppm from prochloraz manganese complex in Sangju isolates however 0.0046 ppm from fluquinconazole
+prochloraz in Yeongdong isolates. DMI fungicides are judged to be sustainable because there is no change
in sensitivity to the Colletotrichum spp. in two regions.
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2oHLim et al., 2008; KOSIS, 2017). &3] 27 7182
2 32 olgEE Be 7 2 27 FAE S

2 Aul7E F5315L ATHKim et al., 2012).
Fe AEA o] FAARE A= 37| 48%7t ALt
3 A= AR 20169 F 92,0138 ©]23 93, F
EA90] 7.6%S1 14,350=0] AJ2k=|aL Stk (Korea Forest
Service, 2016). 379 F2 4kx|¢l o]E F 2| olA] )
Hi e He e A5 AR 42%E Aista e
o FENNE FERAYG0] 78.5%2] 11,265E0] AJikeE

AtH(Korea Forest Service, 2016).
7 AR E ohdet St 2”150 AgEsial
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vl £ A g 9L v 290

AEL AAHZ 20| 2 Ho] AF XM= I e
oA (Lim et al., 2008), G5 2 A GoX= 714

ol

7 o g JebPtEt|(Yu et al., 2017) TFEFSH WaEE0]
7rol WAEle] F|E =31 Qth(Park et al., 2015). o] &
Colletotrichum gloeosporioides(=C. horii)} C. acutatum®l
olal] WAE= ebAH-&(Park et al, 2015; Jeon et al,
2017) 75A1Y F71eA 71 A4 El= Wolth(Lim et al.,
2008). C. horiiell €13t ZHEEAE-& T Ao A4 @
e 7)o M) Ay e Fed 3o A2 wnk
o] A7|5L Wo] XAHEA Wuk F-9)7} AXH HEEo] F
A BAEA gojg)rt FAJEth(Park et al, 2015). C
acutatum®l| 213+ ZFEHA S ol vk W st A2 7)) 2
< WEES FAst] Z2astE Y S T 2YEA I8
SIA] 9=T}(Park et al., 2015).

C. horiiol 9|3 Zhr BAHE F2 HlE o) vt
wo] Zhbre] Ao A A7 SF W Em gA] A7
E FAH WAL ol #aloli, sk Wt aAlst
A Eol E7tl B oglws F3 UtHKwon et al,
2007; Lim et al., 2009b). o]}t A& H]Est 7+5 |
F= WAst ] flote] w7l shety WAl 9] @
Y& ot et delAE WAAE @ 8~93] Aelsk=
E71e] Blgo] 7P E3(Lee et al., 2001), HS 7olME
3~53] 22| F7}e] Hlgol 7P¢ ETHLim et al., 2008; Yu
et al., 2017).

ot AAlEe] &k AEiAE HIESH(Lee et al,
2003) ThFE 2o ARgEl] A3 Ql=H ZHE AR
AAAQ] DMIAE AHAE F 7P Bol AHEHE A%
% dhJo]th(Leroux et al, 2008; Sierotzki and Scalliet,
2013). 1980t ZHHEE] thget A& Sl ¢ Al
BIE Holi = DMI AHAIES € AFAI S Hlste]
FhHH R A3 WAt 3ol W ZoE duA 9
O} AR 7oA FHd o] WSk F BAlE W Q157 (Stanis
and Jones, 1985; Kim, 2000; Stevié¢ et al., 2010), ©|&]3t
e 7R e AR olgo] thE EA® YEhY
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3 Itk(Stevié et al., 2010; Strobel et al., 2017).
BFAGQH FEAY BF o] sTbelA e
O 2N AFFAPE 0] 831 JOoH(Lim et al, 2008; Yu
et al., 2017) AuiEF Gdslo] we} 5 713 AujE o)
Z7Vsla ok Eak tlREe] oA HAAle] HAA L
s oy A oEsE 97t BoKLim et al,
2008; Yu et al,, 2017) 54 A7} W& WA g oz

TR Pl B3, WakEel o A3 a5y
% 50| 99102 @Ay wyo] 24 2 & YhLim e

al., 2008; Yu et al., 2017).

20053 20089 2 20131300 AFR| 2] T 290
A BAY TS FEste] ZEHE A AshAel benzimi-
dazoleZ]] Aol gk A Aol gk Ao mEw
(Lim et al., 2009a, 2009b; Lim et al., 2015) 2rgAIL 2%
Aol gk oA wbg B ofA AP A @ AAe
WAA ARe] Wst 9 A S Aujsd wskel e
B2 dRlell ofsf Wst 2 & e vFeAel =2 AeE
YERSTHBrent and Hollomon, 1998).

ofe] B AT AR AFAAHR FH FeAHY
oY B 12 74E A1719] 64 o]Fel 1
o4 F2HE eAYUFS wElste] ol 5E5H Q)
= DMI 7| A#AIQ] prochloraz manganese complex, difeno-
conazole+fluquinconazole, metconazoles 471 2FAl|(KCPA,
2018)0l| digh ZAdS ZARSE ol Ate} wlwsh 7
479 Wslel] tist ARE A} 528 SISt

ME U w
gD 22 ¥ 2

20161 6¥ olF & ARG AE AFAH] g
7+ 39S o2 el 7o) oiEHE 7, U ¥

IEEEEREE
& Axjst] dATE Eelsiint. el W &
FE An et al. (2017)°] AT ARES FF9}F B

st AL o] &3t WYdd w2l E22E 471250 %
250 x 70 mm, Lx W xH)l 27 Kim wiper (Yuhan
Kimberly, Korea)S A 23, 50 mle] Ao S/HFE ¥
IIFEE FAAA A 7, o 2 S As
T} 22 % 25-28°C &-27](GC-1000TLH, JEIO TECH, Korea)
oA 24~4877F B IAE fESIITE Streptomycing:
300 pg/ml FEZ ZAHAEA| (PDA 39 g+ H S 1 L))
Egate] wAY MltS 2AS AAEITE WG plate=
2~397F 25-28°C 27100 wige & eAE 4% A
S ME ARt &A wide § HF TElsk
o Al AR AF A2 100 el e 127
N, G5 A9 o FholA s 148709] #F5 AMS-
Eis=
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Table 1. Fungicides used in this study and sorted by FRAC (Fungicide Resistance Action Committee) code

., Content (%) of active Recommend Chemical FRAC Target
Common name Formulationa . . . b) o .
ingredient concentration (ppm) group Code site
Prochloraz manganese WP 50 250 Imidazole 3 G19
complex
Fluquinconazole Fluquinconazole5 .
+Prochloraz W +Prochloraz25 300(50+250) Triazole 3 Gl
Metconazole SC 20 67 Triazole 3 Gl
Tebuconazole WP 25 125 Triazole 3 Gl

IWP represents wettable powder, SC represents suspension concentrate.

YKorea Crop Protection Association (2018).

9Code are used to distinguish the fungicide groups according to their cross resistance behavior (FRAC, 2018).
9G1: C14-demethylase in sterol biosynthesis (ergl1/cyp51) (FRAC, 2018).

d Yol ARgaFT ] | BA
HHELS 121202 333n| 7 (De Axio Imager M1, ZEISS,
Germany)ol|lA FEl4] £7E SHon F44 DNA 242
53l Colletotrichum hori Z 573 = tH(Jeon et al., 2017).

o] WAE $Istd
oA F DMI Al 2HAIQ]
fluquinconazole+prochloraz, metconazole, tebuconazole &
452] AAel et e ZAFSIATH(Table 1). 019
Az AR shek u AR ARAEFEEE
Table 19 Felstlon 24749 gk AR daAs
Fhste] Abgsieic,

A QoM e E &S tFSE Lim et al. (2009a)°] A
AN AR FHEAY % ol-g-ate] A=Al ek
e Ao A s APATe} ol B
7 A EER At A sEe] AdArE AE €
A ol 5-mm T2 01i Aol o A
S W o] FE o F, 25°C F2710M AU g
sttt wAre] AR A ol 8ste] S5

A Aol F A9 2z AdellM Tl o] #FE
e 53M, T 4ol T 99N wFE Yoz A
[zte] datAlol thste] = A A JAlES
A FEE dAE AAlE A S8l
WA W HFsert A = 71ESR 001, 0.1,
Hg /m17} Hes FAEEA7E 34 E %&—%—’Fg ¥
stk W HES W B 30 45 AR
dujA]ol] §A 25°ColAM AFU7E wig Foll 2% A
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25 Co W 23 A3 el 24ste] 4 5okl
swde] Td #Ah A oS M2 H 94 xea

e olgsto] oA 7 de FHAAE BAsit v
215 o83t A& (%) AHEsto] vlaLsint.

AAE (%)= {1 - [H2+ dF Zol(mm)/ N2T 4%
Zo](mm)]} x 100.

Petri dish ¥ /1€ 102 30hR3te] @AYol A
A48 ARG oE Ade sAsigen IS dE
ECs %2 SAS programg o830} probit #-413191THSAS
Institute, 1999).

4 1
ALE dZHE0 g 2o

201650l F A%olM 2] #
chloraz manganese complex®ll 3t 91% ©]/de] JA&

B tH(Fig. 1A).

Imidazole} triazole 3|91 fluquinconazole+prochloraz
%= A prochloraz manganese complex®} L5 Z&
F7F 91% ©1’3e] JAI&-S YERSITHFig. 1B).

A A AFEES 67 ppmoE A 23 wjA S o] &3}
& metconazole®] A HAALS 3 A3} HF, FFAY
BE 757} 91% olde] AAlE&-S UEUTh(Fig. 10).

Tebuconazole A2 - 125 ppmo] HE&FEE ©] &
oA e AL 3 A FF, AFAY BE 477t
91% o2l A &S YEpSIth(Fig. 1D).
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BE #FE2 pro-
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ECs, 24 H[I

DMI 2htAell thek ECsy 342 ZAFSE 23, prochlorazell
st He ECsp w2 Aol 0.004 ppm, F&X S0
A1 0.027 ppmo=E fr2ju] gt 2to] & YERN AUTHTable 2).



180 ortY - LiSlgl - el - HEfd - SYE - Ols2
100.0 — 100.0
OSangju
. — 80.0
H Yeongdong 80.0
- 600§ 600 &
A 2 B °
B =]
( ) 400 & ( ) 400 &
20.0 20.0
T T —- 0.0 r = 0.0
1~10 11~20 21~30 31~40 41~50 51~60 61~70 71~80 81~90 91< 1~10 11~20 21~30 31~40 41~50 51~60 61~70 71~80 81~90 91<
% inhibition % inhibition
100.0 — 100.0
— 80.0 80.0
600 & 600 &
o °
C B D B
(© 400 & (D) 400 &
T 20.0 20.0
0.0 T - 0.0
1~10 11~20 21~30 31~40 41~50 51~60 61~70 71~80 81~90 91< 1~10 11~20 21~30 31~40 41~50 51~60 61~70 71~80 81~90 91<
% inhibition % inhibition

Fig. 1. Sensitivity to Prochloraz manganese complex (250 pg/ml) (A), Fluquinconazole+Prochloraz (300 pg/ml) (B), Metconazole
(0.0672 pg/ml) (C) and Tebuconazole (125 pg/ml) (D) of Colletotrichum horii isolates obtained from persimmons collected at

Sangju, Yeongdong in 2016.
% Inhibition = {1 — [mycelial growth (mm) on fungicide medium/ mycelial growth (mm) on control medium]} x 100.

Table 2. ECs, of Colletotrichum horii isolates obtained from persimmon trees in Sangju and Yeongdong

. . ECs (ppm)
Fungicides Location — -
Average” Minimum-maximum
Sangju 0.0040 0.000028-0.0091
Prochloraz manganese complex
Yeongdong 0.027 0.00005-0.16103
. Sangju 0.0052 0.00014-0.010
Fluquinconazole+Prochloraz
Yeongdong 0.0046 0.000014-0.0086
Sangju 0.43 0.046-2.80
Metconazole
Yeongdong 0.34 0.000023-1.80
Sangju 0.077 0.012-0.603
Tebuconazole
Yeongdong 0.047 0.0016-0.187
“Average data from 99 isolates by probit program (SAS Institute, 1999).
Table 3. Cross-responses among DMI fungicides used in this study
Combination” Recommend concentra- Values of r
tion (ug/ml)” 2008 20139 2016
Prochloraz+Tebuconazole 250/125 0.42 0.42 0.12
Prochloraz+FP 250/300 0.61 0.44 0.09
Prochloraz+Metconazole 250/0.0672 0.21
Tebuconazole+FP 125/300 -0.01 0.27 0.03
Tebuconazole+Metconazole 125/0.0672 0.24
FP+Metconazole 300/0.0672 0.02

“FP; Fluquiconazole+Prochloraz.

®Korea Crop Protection Association (2018).
9Lim et al. (2009a).

9Lim et al. (2015).



Responses of Colletotrichum horii 1o

TebuconazoleZ ECs, #°] 45 0.077 ppm, %5 0.047
ppm= A H o] FEAGRT} oF 20l EUTH Table 2).

Fluquinconazole+prochloraz, metconazole2] ECs, 7%= 2zt
7F 24FA19 0] 0.0052, 0.43 ppm, FEAG0] 0.0046, 0.34
ppmO & A 7] fo|7F H o1} ECs, #He HA|H o=
FFA G 0] FEA A KT EZ3kTH(Table 2).

W 9992 Hit ECy #t Tl AFAIH2 pro-
chlorazZ} 0.004 ppm, %5492 fluquinconazole+prochloraz
7} 0.0046 ppm.=2 7o) 7Y Ee ZoE YEyit
(Table 2).

DMI SfH|ZH mAHK &Y H| 1
DMI 7} eHA|IZF Ak 3Ad-S Gotrr] 98l r ks 24
3+ A3} tebuconazole+metconazole®] 0.242 7F4 =4 Y
3.0 1 (fluquinconazole+prochloraz)+MetconazoleZ (.02

2 7P S Yebstth(Table 3).

BV E Y QITHKim, 2000). AT $-2utetoll A Ata] A
e A7 =] vlel 759 Ao R 2H
WollA e Fee] ofA A EXol g A7t Al
T3¢ Ao th(Kim, 2000).
2EHE AT AalAl DMIAE AFAE  quinine-
outside inhibitor (Qoi)2} T&¢] FRIC (Fungicide Resistance
Action Committee, 2018)°14 #|A] ® 557] AA] AEE
= 7P AR Pl Wol o&HI itk
(Sierotzki and Scalliet, 2013). -2yt = 1980\ F-E
AREEZ] Aol R7FRR, SR AR, SR,
AL FFold, Ay 5 thdst W Aol A&=
QT (Kim, 2000) Kim (20002 7H& 2HE9] #7124,
=W, AEFEE, Bl gk DMIAS] A3 A%

R

demethylation inhibiting fungicides

Aot TH YA W 1 LS o R ARHIE
7} =& A AlEL] sl DMI Al tigh k| 7
4 Hsks 2ARIEY olE AYdA 20169 E2|H
Colletotrichum horii BAHHES Aol =2 Zo=

UER T ol ol A9 B oA e@AHo

Al thdolar, AEH R FlE FiL AUFolE B3t
ol vl AthEo g He WA 39 (Lee et al, 2001;
Lim et al., 2008; Yu et al., 2017)¢} DMI A% A EvHS:
o] g-g WHAE A %o} (Choi, H.C., personal communi-
cation) °]5 SHAlol| tigt 7Hd WSt 2 2 Axe] ¢
A =20l I Wit o= A7t

Prochloraz manganese complex= imidazole A|g 2] A+
AR oAy 7k 2134 A& W A 555 A8 29
Eo] YA AR5 3 &8 (Tomlin, 2006) 201653 =0l
&, 4T T A B 1T BF 91% ol AAES
YERH ATh(Fig. 1). 3FA19¢] 7 20133 %] & 67
N 5 E5F7} prochloraz®] A A7 2] %<1 250 ppm
=] wiAeA FAREEC] 91% o Al HAJ=T
(Lim et al., 2015) 3ido] A3 Fol|= o] Aol gt 7+
T4 HEPE gle AL IR F AT ol st niet
7ol o]& A9 WollA] prochloraze] RHEA B JF ARS-C]
glo] 7Hd Wstel] G XA gk AR wtET

Imidazoles} triazole ¥A|Q1 fluquinconazole+prochloraz
= 2013959} U BE #57F 91% olde] oAl
S JER = (Lim et al., 2015) 2008 22] #Fo =
prochloraz® T} fluquinconazole+prochloraz A4 7+
A& =A JERIAITH(Lim et al,, 2009a) 2013359} 2016
dx Fe #Foxe 7739 2ozt veRtA] gkt
olg)3k 7HEAdel et Ajole FFE He3 o] FUIt
o] oflQi7] wiiEe] oA AR To Apol2 FHET
(Stevi¢ et al., 2010; Strobel et al., 2017).

TebuconazoleZ 19861 7@t o] -2y}l A] 19885
B ARgEo] AaL et SlelM e 2, Al 3ol 59
A S v vkt XA W Ao B 2 3
2 o]&5 3 ITHKCPA, 2018; Lim et al., 2009a). A4
ol tebuconazoled] that kA ZHEAdL He] Wx Ho
upE} Apol& Bt 2008 £ #FE 5 1.8%7F 90%
ojste] AT AAlE-S YERASIAL, 20050t 2013
8 7752 20169 22 #FEY U BE A5
o] 91% olde #AME AAE EJTHLim and Choi,
2006; Lim et al., 2009a; 2015). wW2Fd 20083 o]%F Eg
¥ BE #FEoAe 8 Hsht ERIEA] ot A44
ARgo] 7hsd Aos AEEARE 201295 20158704
AFAY Y AEE 3l vl ¥ DMI Al AdAE T
vhufgfo] 714 @k A (Choi, H.C., personal communica-
tion)o|u} 740 WS} o]Fo] AW A 7] wh el A&

X
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[e]



29l 754 WS 2 B g Aoz Aer,

7o} JEAlN B2 B BlE el 3 B
%50 U8 B ECy AL AAH O o el
8 FF50] 9EAY FF50) vste] ok A Vet

]

A= o= N F7Fe] A ARE-2] zfelo &gk A
o] 7P Fag allojdloyt AHo R FFAHe He
ZF A A o] Wi, Aakke] Fom A §7F TR B
F(Korea Forest Service, 2016; KOSIS, 2017) 522 Y&
AEA ] A2 & FAARE-Fol| whebA WHAte] oA
A AtolE fdehe 8Rlo=® AzbEh 3 ECs, #t
S 7INEe® Aol BRI o] MY w2
OFAl = A1 92 prochloraz, 95492 fluquinconazole+
prochloraz® WEREH WA Rhs S| 7F A A
A e oAl aFARl FE ARk F A BE
fluquinconazole+prochloraz®] AR&-o] vlgrale 7102 A7}
ot Aukg o2 DMI AHAES et 454 FHe
79l Colletotrichum spp. BFA =0l 74 W} 42
Aog et @74 02 Agate de £A7F jlE 2o
2 gy g @EAA T o] AAFEAlet 22 '
Aol Foket GAFS W WAl 7|7kl AR Auls)
A e AYE FHOE FTHE SR FoF AR 4
efoll thek HE e AR she Zlo] oA Add e 1
HHo7 g 4 = Wete g ATDETHLim et al,
2015). 53], 71&¢] t& AL7e] AR @Al Bk
PAE Y= HAIE E83laL, FRE dis] LAl igt
A2} ol & vl o R oS A st Axste FelA
WA 2o 280

1998; Lim et al, 2008; Lim et al., 2015). o}-&2&] 2 ZAR=
T A B HAAES AFste] A wiA] dellA 2t
TRE W7 AR AA| IANA 7 FAIE] vH A
Bol o3 A Wzt 32 5o dF A7 FF Wy
ofoF & Zlog AzheITt, Hh v olA e e
3 Ast et AA FgolA B BAY ztoeke] Al o)
S ATE Zo g Zlo Az

o rlo

L:

2l 2
 d7e wEA%A sAIe A @A R

PJ01169705) “+&-8& H&3t hdAdake 918 3 WAy
@b e Ao & of & =N, AR
A =5 F4 A E
al A HEE 2 e A =22 & AEHS 1
talE - AFst el A7), AIE, APFA 2A

=
S
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