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Abstract As a result of agar dilution test, 53 isolates of Colletotrichum horii causing persimmon
anthracnose obtained from persimmon fields were found to be 20 isolates as sensitive isolates and 33 isolates
as resistant ones. The mycelial growth and sporulation were examined on PDA of two groups of C. horii
isolates. Both mycelial growth and sporulation of sensitive isolates were better than resistant ones.
Competition test was tested with C. horii 15GKYD4 sensitive to tebuconazole and 15GKNIJ3 resistant to the
fungicide, and the ratios of sensitive isolates at 1st and 2nd generation in PDA medium without tebuconazole
were 81.5% and 92.5%. There were no resistant isolates in the 3rd generation and all isolates were sensitive.
In the PDA medium containing 0.005 pg/mL of tebuconazole, the percentage of sensitive isolates (44.4% in
Ist generation) increased to 96.8% in 6th generation, and all isolates in 7th generation were sensitive. In
PDA medium supplemented with 0.05 pg/mL of tebuconazole, no sensitive isolates were obtained at all, but
only 100% of resistant isolates. Based on the results of this study, the use of DMI fungicides in areas where
C. horii resistant to tebuconazole has occurred should be thoroughly controlled.
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2008). 7+ ©AWE £ Colletotrichum horife T2
oo WA, A2 =4S Y] 2718 2t
A she 9ol H7IE st Alshd o] Aol A
stthzh 2~3d Qtol] Ak = Sith(Kwon and Park, 2004;
Xie et al., 2010). 7+ Au] 717+ &<tol] @AW Az A
717E T o] AS717E S)F BAE] wiE
of AAg A7]el AtAlE Aelshe Aol WAl dEe &
7o) & < UthKwon and Park, 2004). BFAH 2] WA=
e AREshe AaAlZE benzimidazoleA AtAl, Qol
(Quinone oxidation inhibiting)Al 4te#A], DMI (Demethy-
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lation inhibiting)] 2##] ol =Hl, olF EHEst &
Ao A8 A= DMI AtAl= triazole’| S ZHe 38}
8}l 43F= cyproconazole, difenoconazole, imibenco-
nazole, metconazole, tebuconazole®} imidazole”|E Zt= 3}
8taFol| 431= prochloraz, triflumizole 5 % 7%°] 55
= o] 2dth(Korean crop protection association, 2018).

DMI AtAl= M 73S SolA o2 A7 wiE
o, 9|8z} Fa} Fof LFoA] Eo] AME-3H(Valsecchi et
al. 2015). =g DMI AtAl= 5ol4el 284S 7K
dom, AHA oA Q191H ez Al EdMolE 4
A DL T AT, 2g S ER 0] B ARAIAE ook
ok 220 B A A8 4 Urk(Koller and Scheinpflug,
1987). th&Fek 2=2] ¥ WAl ] ARSE L ASolE &
T8k, DMI Aol theh A3 o] a9eddE A
H AFARE YeRA] &8 WY ofy, ARl EAgeA
Aed Wdato] 835t benzimidazoleZAlLt phenylamide
Al AgAAE WA Aefg o= Frolr 7] ofgt), 314
g Q& 7|7 F?tF DMI AtAlE ARE-SFAA Al o
gk Welste Aol AstetAu, Aol ALH R
=33} AtH(Schepers, 1985; Holmes and Eckert, 1995;
Karaoglanidisa et al., 2000; Frenkel et al., 2015). =u]ol|A]
= W79 Fusarium fujikuroioll A prochlorazell o
sk o] Aslsle dFE°] A= oW (Shin et al.,
2008), HE oA 2Est BANHE 2 s A G mt
A1 DMI AAlel st 704 A7t Wsteo] e A9
o] Yeh}7] Al&etAth Rl %)

A AdPdere] I A8Y SAL oA A
A #HYE 9l 2 MRS skt ot
& A= DMI AtAlel thet 7473+ 3 Aad 2]
I A3YS dotry] flste] #AMAET TP Y
S 2AE e, DMI AA1¢] tebuconazoleS #2314
%2 21 wEHE A 2N A3 A
9] A5 S AP
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S 97 e A AYE
oA @E2} Felgh ZeA

4 ¥, w4 AR
tﬁ S Rl A=
d AEsh wiFol 2 wojulo] 300 ug/mLe] streptomycin
| A girERel dekste] Eajoe Fusec. =
AAEE 1x10°~107)/mLE 243 TAFEN 50 uL=s
PDA (potato dextrose agar; Becton, Dickinson and Company,
Difo™) jx]o]] E=@slar 25°Ce] Yol 297k mjksl

t

o] FAE THFS HElste] BT YA
3} 7FERR| W F-S PDA APHu)A] ol ujjoFate]
4°Col| A B3l A o) A3l

MEUE 0|E8 X Z+d ZAl

g3l a4 &4 A3 4btAl (demethylase inhibiting
fungicide, DMI fungicide)?] tebuconazole (ai. 20%, SC)&
HaERsel gase] Falzl FEst IR PDA WY
(300 pg/mLe] streptomycin i)l H7I8IATH ST
¢ - PDA HiAel HFste] 25°C ARz T3E
B9t 7, 59 Haeld 47 3mme] @A 222 W)
o], Zt AAE sEEE H7HE PDA WAl A} AR
Hol "o 7k Hjojr] HEstuith. Weds 25°Ce]
Gz U7 G T 2] AAL Sl M
£ A7¥eHA 92 PDA HiAo4 7%} tebuconazoleS
282 G7RE PDA A8 432 mastel FAhYg
A &adE Tkl
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104 7+ jgsioich. Baeh Sefo|=FepE ARgste] o
AHE Fol 831aL, glass beads (A1&; 0.1 mm)y7} E71
2mL tubed] HIL -70°ColA] 12A17F o B4 xS F
bead beater (bullet blender, NEXTADVANCE)E ©]-8-3}]
TARS 2 B0t} SDS/NaCl buffer (0.2 M Tris-HCI
(pH 7.5), 0.025M EDTA (pH 8.0), 0.5% SDS, 0.25M
NaCyZ 1 mL 371 & 65°Ce] & FxolA 14]7F Fet
HESA7) 3L, 4°ColA 13,000 ppm 2 1057 FAEE] &
Aok S FHate] A2 1.5 mL tubed] 713 F
2] phenots #7lste] stekAl @ w7 wnkstsith. 4
oA 1027 §HEAIZL & AT 4°ColA 13,000 rpm S &
10327+ 4 sisith. 4 Anks #Hato] A28 1.5 mL
tubeel] 27131 1 mg/mL 52| RNase A (Lot No. 130183370,
QI Agen Co.)E 20 uL H7Fek ¥ 65°C] 32 =0 203
ZE AR S 5] chloroforme H7Fste] 50
3] A% ol E50] F, ALl 1087 Bae &
4°ColA 13,000 rpmO-2 1027F FAEE St oA
AAAS FHalo] A2 1.5mL tubeoll &713 AN}
59| isopropyl alcohols FH7lsle] 503] Hx flolei=
SEo] F31, 4°Co1A 13,000 rpmoE 10827 942 &
Ak A w2 FHET] Fe 1.5mL tubedl
70% ethanol 200 uL A7Fste] AlH kR0l 503] F= 2ok
gz EEo] F 4°CollA 13,000 rpmOZ 10487+ Y42
g ek Ade W T 1.5mL tubed] TS do A
20X 2417 B ARAFT Axrt @ HHEe] TE
buffer 70 L= H713F & 20°Coll A B33t} gDNAL]
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nano drop (Micro-p, M600)2- ©]-8-31] =2} gDNA

ke
o] =2 FelFN L, TE buffers ©]-83}9 50 ng/mLE
3145 5, Aol ARkt

Internal Transcribed Spacer (ITS) ¥ A7 |MY 2N
ITS ¥9& FTH37] 98l 1TSS (5-GGA AGT AAA
AGT CGT AAC AAG G-3)¢ ITS4 (5-TCC TCC GCT
TAT TGA TAT GC-3'Y& primer® AM&-3lo] PCRS 47383}
%At} PCR HFS-1- oDNA 0.1 pg, 10X KAPA Tag buffer
o} dye 2.5uL, 2.0mM® dNTP 2.5uL, Tag DNA
polymerase (5 U/uL, Kapabiosystems) 0.1 pL, Bd57FF
159 uL, 10 pmol®] 1TS59} ITS4 primers 2+2F 1 uLE
7hete]  WREQITE WEE 27 95°CelA 4EZE pre-
denaturation 573 &, 94°Coll4] denaturation, 48°ColA] 18
7} annealing, 72°Coll4] 1327} extension S 303] W=
3}, 72°CollA] final extension 73 & =831} =
=]

pud

i

[Shha]

PCR 2H=2 &Rlgh7] $l8] 1X TAE buffer® 1%
agarose gelS YHEL safe view™ classicS H7 ARE-a)
w7 SoiTh 100 VoM 35-4087F A719E o
UV-transilluminatorg ©]-&-3fe] S3A=S gRlsisit
Z¥ PCR AHE2 Expin™ PCR SV kit (GeneAll, Seoul,
Korea)s ARE-3lo] A & Macrogen (Daejeon, Korea)
o @7IMY 42 o=kt
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T
=
o

-+

Susceptible Resistant
isolate I isolate

Flooding conidial suspension on

ol Z{st
= o™
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ATt PDA #iRol| &3 C. horiis 25°Ce] FZ70A 5
HjoFet & FEo] Aol A2 3mme] #AF %
wojujo] A2 PDA HIA| flo HEsIAth WA
Tl 5deh 2A0lA 2d7F widstar, #%9] Zols
ZAFSIATE C. horii®] EAF %S A7) 91314 PDA
HjAJeol] E8haL 25°Ce] rRzACA 797 i g+, 12
AZF 202 2R AS HEs 20°CoNA] 3U7 vl
STk w19 S 1200 7HE o7 7 Anitt A7
mm?] FARZRS 3704 wlojfjo] F 97He] AR 15
mLe] SF57F 970 50 mL tubeoll ¥, 2027 & 50
FAE dloflle}. FEdnA stellA] d7AIL ] (HSU-1401,
Superior Marienfeld Co.)E o|-8-3lo] ¥x}e] &5 ZAlsle]
&5 A mm?) AE A 5 ALtsiah

(o)}

Tebuconazole ZT4 #F2 K&ty #Fo e 3 =M
A FF(15GKYD4)9t A3 45 (15GKNI3YE 7+
7} 1954 Adksle] tebuconazoleS 0.0005 pg/mL. 0.005
pg/mL, 0.05 pyg/mL $E=2 FA7}s PDA wix|9} H7FslA|
252 PDA HI|A] ol A3 58S IR1HT. Fig. 1914]
AAE, 274 178 A #59] TAE 53

E'E i =0 e}
H| &2 255l AtA| 71 PDA WA &= 371 PDA

PDA

with or without the fungicide

]
I l l l Incubation
at 25°C
— w Selection of
100 isolates
+0.0005 pg/mL  +0.005 pg/mL +0.05 pg/mL ‘
of tebuconazole of tebuconazole of tebuconazole Inoculation PDA
I and PDA with
l the fungicide
= (0.5 pg/mL)
Inoculat_lon Incubation 25°C for 3 - 5 days
generation 1 1
T Investigation of
UV irradiation for 4 — 5 days colonies on PDA

Harvesting conidia from PDA

Fig. 1. Scheme of experiment for the evaluation of competition between susceptible and resistant isolates of Colletotrichum horii.



334 2

HjA]el] =it Eek wiR oA 4 xA4E st
of HEHNS HEo] thA] Al A7) PDA HiA| T 3
7} PDA #jR|o] E=sle JES WA 0= AAJShHA 7}
Al T 23 5ot A 79 vE-E AR
AL 35S PDA wix|olx 22} widst A 5
(15GKYD4)9} A& @5 (15GKNI3)e] EAE 483}
W=7} 1x107)/mL7F H =5 Z4zbe] ExSE TH| 8}
Aok F #F(15GKYD49}H 15GKNI3)e] EAFs el 1:1
o] FYg HEE EFsl JEYe FHIS o, Al
F59] tebuconazoleS A7} PDA viR| &} H7lsHA] &
PDA HiA|ol Z}zF 100 uLA =2akiet. 25°Ce] gxol
A 5U7E WS O, SAAE 12417 ZHE 02 AR
™ 20°CollA] 597 O widaidTt. wiA] Aol #9224}
g A5 HTE ek, dgde] xAUEE 1x107H/
mLE 24e & oA 23F HES AAEI Td e Wy
o= o] At 5 HES AN, 24 HE dAA of
© Are] A #Fet A 777 B A9 v
S 2RI HE Al B2 4 #5et AR o
o] g H&S 2P 8, 7 7] A ekl
< tebuconazole A7} PDA vix| &} FA 7} PDA vi#|o] =

18

KN
=

N
0lon

E .

0
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et 25°CollA 197F vikslAth. Tebuconazole 7F
PDA Hi#] ¢} 737} PDA w4 @lel& oz 1007]¢] &
7455 wojlo] 0.5 pg/mLe] tebuconazole®] 371 PDA
ujx]of g3} T}, Tebuconazole2 0.5 ug/mL 3 71F PDA
iR A s 7S AP 4=, A Zetke

Fig. 2. Symptoms of persimmon anthracnose in fruit (A) and
new shoot (B), and colony of Colletotrichum horii on PDA (C),

which was incubated on 25°C under the dark condition for 8~
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L— Colletotrichumn panacicola (GU935868)
Colletotrichum curcumae (JNO709)

10 days.

15GKYAL
15GKYA4
15GKNI
15GKSC
18GKYD3
16GKYD4
15GKYD7
15GKOCT
16DKSS2
16DKSJE
16DKSI11
16DKYD1
16DKNI1
16DKNJ10
16DKY AT
16DKCW1
Colletotrichurm horii (KJ925144)

L Colletotrichum fructicola (KX278725)

Colletatrichum gloeocesporioides (DQOS4498)

E{Colletotrichum acutatum (KC790936)
Colletotrichum pyricola (KUSB3516)

97 Colletotrichum fiariniae (JQO40070)
99 [ Colletotrichum nymphaeae (JNI43476)

Fig. 3. Phylogenetic tree from ITS sequence of Colletotrichum spp. The tree was constructed using the neighbour-joining method.
branch lengths are proportional to the genetic distance between the taxon.
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DMI 47X Z+Ma MaM #o #&y
201593 2016390 AT F 33AFE IO E HA}

I ok A At A el 242t 134 mm
9} 25.9 mm, 18.4 mm2} 24.0 mmO.E LFERHT} Table 19]
A He XY 2 Ade] AR Jdrch g A%
ol wgtow & Huk 7ol BAHORE §ogh Apol7t 9
Ak A3 e A A mm® F B 24 I
F 386.8719F 106.4710190.01, A%t AUk 45
A A A Heolx 2zt 5.5709F 1356.77H, 0.0702F
607.9710130tt. A @4 A FAF A 2ol A A
o] Ad AdEn B T2 FATF] B, F A
o Lol FAHLE felg zhol 7t A

#TN oF HEN #Fo dEsy
TebuconazoleS A 2|3l3-S Wl X2]skA] kS o 7+
T4 47 A 459 AR TEHS AR F8iA
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tebuconazole 7F5A o2 C. horii 15GKYD42} #3H4g
4% C. horii 15GKNJ3E A3t 77421 15GKYD4
°] ECs@tZ 0.014 pg/mLel o™, 33l 15GKNI3=
0.972 pg/mL=, A3 779 ECsitel 6948 BE =2
tHFig. 4). F @5+ tebuconazoledl] theh 7HEAd A =it
oftjgl, Table 2014 H= A} o] #AMIF EAYPA
Fol = zto]7t A=, 24578 #F< 15GKYD47F A3
3 #720 15GKNIZETE AL A3 22} FAJo] A3t
At

A #F Cohorii 15GKYD4SF A3 #52 C.
horii 15GKNJ3S 1:1 5308 &§5to] PDA HjA]o] 94
Hog wikslA zt Altieitt fel=e A A
T8 75 AT Tebuconazoles A 2]5kA] %2 Hl
2ol M AR 7Zgoll, 1At 4ol A e
81.5%%} 92.5%C1RoH, 3Mdldl= EE=He #5e BT

100.0 -

—@-15GKYD4
—C—15GKNJ3

80.0 A

60.0 A

40.0 1

20.0 A

Inhibitory ratio (%) of mycelial growth

0.0 -
0.0001 0.001 0.01 0.1 1 10 100

Concentration (ug/mL)

Fig. 4. Inhibitory ratio (%) of tebuconazole against the
mycelial growth of Colletotrichum horii 15GKYD4 sensitive
to tebuconazole and 15GKNIJ3 resistant to the fungicide. After
incubating isolates of C. horii on PDA at 25°C for 5 days, their
colony diameters were measured to calculate the inhibiting
efficacy of tebuconazole against the mycelial growth of C.
horii.

Table 1. Mycelial growth and spore production of Colletotrichum horii sensitive and resistant to tebuconazole

.. Mean Standard deviation
Characteristics — - — : t p
Sensitivity (n=20) Resistance (n=33) Sensitivity Resistance
- 3
Myecelial growth length 20.9 180 1.8 27 4366 0.000°
(mm)

Spore formation” .
386.8 106.4 331.5 136.4 -3.603 0.002

(7H/mm?)

Y Mycelial growth was investigated after incubation for 2 days on PDA.

® The isolates of C. horii were incubated at 25°C for 7 days, followed by incubation for another 3 days with irradiation of fluorescent light for

12 hrs.

It was performed statistical analysis through t-test of the groups of C. /orii isolates sensitive and resistant to tebuconazole (t=1.96, p<0.05).
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Table 2. Mycological characteristics such as the mycelial growth and the spore formation of Colletotrichum horii sensitive and

resistant to tebuconazole

Isolates Response to tebuconazole Mycelial growth (mm)® Spore formation (spores/mm?)”
15GKYD4 Sensitivity 22.1 66.3
15GKNIJ3 resistance 17.7 0.8

“Mycelial growth was investigated after incubation for 2 days on PDA.

® The isolates of C. horii were incubated at 25°C for 7 days, followed by incubation for another 3 days with irradiation of fluorescent light for

12 hrs.
A B
_ 100% 100%
&
> 80% 80%
v
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o
“E 40% 40%
0
® 20% 20%
o
L
0% 0%

1st 1st 2nd 3rd

100%

80%

C D

100%
mS

80%
ER

60%

a0%

20%

0%

1st 2nd 3rd 4th Sth 6th 7th 1st

Inoculation generation

Fig. 5. Competition ability of Colletotrichum horii 15GKYD4 sensitive to tebuconazole and C. horii 15GKNIJ3 resistant to the
fungicide on PDA with or without tebuconazole. Spores of C. horii 15GKYD4 and C. horii 15GKNIJ3 were harvested to adjust the
density of their suspensions to 1x10° spores/ mL. Spore suspensions of the two isolates were mixed in a 1:1 ratio and smeared onto
PDA medium containing tebuconazole-free PDA medium (A) and PDA amended with tebuconazole at concentrations of 0.0005 (B),
0.005 (C) and 0.05 pg/mL (D). All the plates, on which spores of C. horii 15GKYD4 and 15GKNJ3 were inoculated, were kept at
25°C for 5 days, followed by incubation at 20°C for another 5 days with irradiation of fluorescent light for 12 hrs. The spores were
harvested and inoculated in new PDA with the same procedure, once more. Spores were produced and harvested in the same method,
and then inoculated in PDA without or with the indicated concentration of tebuconazole, which was carried out until the spore density

of the isolates, whether sensitive or resistant, became 100%.

53 0l AtH(Fig. 5A). TebuconazoleS 0.0005 pg/mL
o FLE F7be PDA iAol Fda AddES A
13+ A3}, Fig. 5BellA B 22k o] 1At} 24|t ¢ 7
FA EY HEE 92.6%9F 99.0%0]9.0H, At =
tebuconazoleS H7FHA] %2 PDA Hix|ox <} SU3HAl
100% 74 59 25Uk Tebuconazole2: 0.005
ug/mL %718k PDA iAo M 1Mol 44.4%010E 74
g 59 #2] H&o] eMlllE 96.8%= SV, 74
delre EEEe BE #5771 74 2E YelTh(Fig.
50C). s 8 2] AR 80% A E A8k
A HFS 20% oWE Al FE<1 0.05 pg/mLe)
tebuconazole] 371 PDA wiA|olA & w0 7HAd 2t
AP #FE P ENe] WER AT Ao 4
FFE A8 BeuA g, A4 F5we] 100% £
E3Uth(Fig. SD). olHd A= A AN £
imazalil A3 P digitatum®] 7359 % 5Ll Yebsth
(Holmes and Eckert, 1995).

>

LT

54 Aol g Aol BAHAUE A ARA
S HsiM EANM AT G A5 < o]
oF st7] wzol, 3 &?% W g Ao 2 A4S
g F A A 59 52 ARG ¥ 2 4
58 892 W] SRl w22k ¢ ok 54l

g9rigl G4 JA| A (SDHI), strobilurinA]l At
A, anilinopyrimidineﬁﬂ Aol A A wkgo] A
stE| AW, A3 Wbe-S Hole Alternaria solaniol A= 2
Y g ZALE SsiA Aol #AMIA, HeE Fo &
015 ZAFSIH 2.1 (Bauske and Gudmestad, 2018), =71
Al RS dode Colletotrlchum acutatum N4
strobilurinZ] Aol tial gl HedS =] Gujjo
st WA HE ol FE= J‘X]'OE %7‘3’3]'91‘:}

(Forcelini et al., 2018). 2= x—]XOPj_Cﬂ]/\{ Hﬂ?\‘_

f

OE

o

dulet S3te AR ol AgAlze] T
AR RA, A 2 2t 24 A8
ZA3F3 tH(Holmes and Eckert, 1995). Bitertanol, fenarimol,
S} 22 DM A2Ao] el A T4 20 2

EApgols) A,
HY7, BATARS) Y 52

ENL SIS R
Agsied, Aol

imazalil
7V Sphaerotheca fuliginea®| A=
= O

e A vIsted, Eapgope
ok o}La]- A} iW:rL’ BAZAA 59 3A Seo] A
%8199 tH(Schepers, 1985). A &4 WollA DMI “T‘Rﬂ A&
e Beslel 438 AL & AFIME S 270
Al DMI AltA| Ade] 2ds cﬁl%@}Mu}(Fuchs and

U
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Drandarevski, 1976). SFAIRF Q015 Afusk= AR iAo
A AR AR 2 23] "ojxld AR, A
Al Al FAe dSFs7E ofdinh old de
Cercospora beticola®)| 2|3t AV QR FH A= Zho}
£ 4= ltH(Karaoglanidisa et al., 2000). ZZ2]0]2=9] A}R}H
£ Aisks gF Al o] HAFHEE o=
Cercospora beticola 5 DMI A A &/d4o] o],
At T AeHS A vl A3, 1A
FHETE oA WA T M AP Ae® AekA] ettt
T3¢ DMI AAE HEg AAle EFAR ARS8,
W HAE fsiA AElske 2717} oln] O B AAlE
oA o2 Aegk o] $9] F717F H7| wiimol] EAgelA A
P BErF A Tt 2HTL sfH ks, HEANTA 9}
EgA0)7]= A DMI AaA AR 7t Misid
Ao AAY AMgeRA] 9k AHET ¥ wAo] o 4
A9 Ao HIHYT)
2AA| EolFel Z8A-L 7= tE AT A4A 9 v
3|4, DMI AAls EAgolA AE8He] WA Augt o
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2 of A= 7 Ay A gellA] Blsk 53702 e Colletotrichum horii 45 SHS|AH o7 A48 4
3, 207H dF7F AR 1R, 39 dFT A dFE APEAT F 259 Cohorii 172 PDA *WVM
TARG AR EE A A3, A AP Y BT A 5 vlste 254 #5717k
t}. Tebuconazole 7HAQl C. horii 15GKYD49} A &40l 15GKNJ3g Atele] AdsES Ads Ao
tebuconazoleg A7FE1R] &8 PDA v oA 1AtHE} 24tHe] A WSS 81.5%%} 92 5%elem, M=

= a7t 7474 d5°]UT}. Tebuconazoleg 0.005 ug/mL 271k PDA HHXMW‘” 1At 44.4%019H 24
H &TJ H]go] 6Hlthol= 96.8%% F7H8IL, 7AdeX e EelEe RE 457 82 vebdth 0.05
pg/mLe] tebuconazole®] 7FEl PDA HiA|ol M= 1At thol] 244 e A B ER] &2, A 53]
100% AT & A7 AAE A DMI A xiﬂ/“o 1 7+ A o] WAYGE A oA o] DMI AtA] A
a -—— Z“Xﬂ 0]-7ﬂ J/}—Fq OHO}; s} 7{__; /\37]-6]—]'4‘

Molo] 7+ e E, Colletotrichum horii, DMI 24 A3, ¥4 233, 434
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