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Abstract Colletotrichum gloeosporioides is one of the most serious pathogens of persimmon in Korea. In
2013, 67 isolates of C. gloeosporioides were isolated from infected fruits, leaf and twigs of persimmon
(Diosprosi kaki) at Sangju, Gyeongsangbukdo and fungal responses against five fungicides (prochloraz manganese
complex, tebuconazole, mancozeb+myclobutanil, fluquinconazole+prochloraz, and tebuconazole+ttolyfluanid)
were evaluated by their growth on the fungicide-medium. All isolates were inhibited mycelium growth on the
medium with each recommended application concentration of flied. ECs, (ug/ml) of tebuconazole was from
0.02 to 1.04 and average was 0.31. ECs, (ug/ml) of prochloraz manganese complex was 0.02~0.23 average
was 0.078. Average ECs, values (ug/ml) of Fluquinconazole+Prochloraz (FP) was 0.029. On the basis ECs,
(ng/ml), the correlation coefficient (r) between tebuconazole and prochloraz manganese complex, prochloraz
manganese complex and FP, tebuconazole and FP were 0.42, 0.44 and 0.27, respectively.
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M B2 3 & 2L AUth(Jung et al., 2014; Lim et al., 2008).
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*Corresponding author slof] M2 T8 WallFe 2 K wst @ AFH S
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5}"]7] 1ou1 A AE Ao]ell
L%T% Hwske] Ae Fof AMgoR
2 WA ago] FFAYge F

8 A= B 7] A RS Algks
O|tH(Lim et al., 2008). T3t T8t & 27] &
AAE I v RS Hrpro] Hallse] WA &
A 24k Aol o o] d 4 UthKim et
al., 2002).

7+ Aufell de] C. gloeosporioidesel] &3 BAH L B &
AR GAMTE 27], YT, = 9 HY F AGe
BE Fojo st Ak faw 28 ofd U X
ARR Al APl Al 2 oE5-S 3 Jth(Lim et al., 2009).
53], ol W9 IAbe A4S 93 27] W89 SR
THASAMA B2 BAA AHEES Zefsict. &4 A
© ZHE A AMAE HIFEe ohkeh A ARl
ojEstaL vk ZHE AT AsiAdle ZHE Ak A
siataL o] = sl Alx 7]5S
gh Fgold ogt tefst A=
(Hargreaves et al., 1996).
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Table 1. General information of fungicides used in this study

Aol Chet 24 273

(250 x250 x 70mm, Lx W x Hpell A4 & A58E Yo
24~48X7F FQE 25-28°C F27]oM ZAE A AT
RS P4 EAE E - AEslo]
10020071 /ml2 ¥ FES st EAa e A
9] AES A5 18149 300 ug/ml FE2] streptomycin
o] s ZAHAIA| O] 100 pk¥ BF F = A3
E}. EXP?‘ﬂE“’“Ol 2 E iR E 25-28°ColA 2~3U7E Hl
T ARE 1% A woltlo] A8 kg wix o)

aﬂ% wjgsidiet. 33ke] ArAoBTH F 67 HFE ©
a3t

HEE A EES AAe #F AdlA A7 5 mme
wAF 27FE cork borer® wojWo] A7 18 mm, A°] 20
em®] A3 ApAEiR] ol st 25-28°ColA 7L vl
& F 4°C ¥ Basin] Aol ARg-siict.

/\
At SHTE

a4N Zrd 43

Al 7 SA e A fste] FEE AREHL U=
ZHE AR AsiAl @Ak ESHA T Lim 5(2009)°] AF
43t prochloraz manganese complex, tebuconazole, fluquin-
conazolet+prochloraz 5 & 5% A=Al gt 444
ZAV815ITH(Table 1).

ol5¢] AP PR FF % dFAY =
Table 13} Z+c},

A AAl F tebuconazole, prochlorazZ fluquincona-
zolet+prochlorazdl] gk 714 Aol A &5 0.01,
0.1, 1 2 10 pg/ml7} F== A 23 AR & o] &3}
At

A AR S W] HEEe ¥ A <
S 25-28°CollA 747 TARsHulAl o] v & #F A
ollA A7 5 mme] A 272HE cork borerZ wojuof A}
skt @?% AA] BRI EL 28°ColA] 7L ul Y
#%2] Holg FHsor A& (%) the Aol oJat
of = Hlmbﬂ. AAE&(%) =1~ [He7 aF 2o
(mm)NZTF 7F Zol(mm)] x 100. A7 A5 A}t
ECs, 72 SAS programe ©]-8-3}o] £} TH(SAS Insti-
tute, 1999).

bt
rr

Common name Formulation® Content (%) of active ingredient Recommend concentration (pg/ml)
Prochloraz manganese complex WP 50 250
Tebuconazole WP 25 125
Fluquinconazole+Prochloraz WP Fluquinconazole 5+ Prochloraz 25 300(50+250)
Mancozeb+Myclobutanil WP Mancozeb 65+ Mycolobutanil 2 1,340(1,300+40)
Tebuconazole+Tolyfluanid WP Tebuconazole 15+Tolyfluanid 50 325(75+250)

*WP represents wettable powder.



274 QlEf

o

- 0IS

HO

- Hey -

Table 2. Growth inhibition of persimmon anthracnose pathogens by sterol biosynthesis inhibitor fungicides in 2013

Fungicides No. of isolates  Recommend concentration (pg/ml) Inhibition rate (%)
Prochloraz manganese complex 67 250 100
Tebuconazole 67 125 100
Fluquinconazole+Prochloraz 67 300 (50+250) 100
Mancozeb+Myclobutanil 67 1,340 (1,300+40) 100
Tebuconazole+Tolyfluanid 67 325 (75+250) 100

“Inhibition rate (%) represents rate of isolates inhibited perfectively mycelium growth on PDA medium with fungicide.
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Prochloraz manganese complex0i| CH8t ZtA

Imidazole A|G 2] A#AQ] prochloraze= 4§ 2~ ER o]
oy Alternaria spp., Botrytis spp., Colletotrichum spp. 2
Septoria spp. 5Ol 23 2= W WAl 55 AREEIL 1o
W, TALEAZE g ARE Jtk(Tomlin, 2006).
20089 %0] B2 11025 F 97.3%2] 757} prochloraz
o] ¥4 AFFES 250 pg/ml FEE H7HE WAl &
AREEOl 91%01d Al HUAL, 2.7%9] &5 o] 81~
90% Atole] #AMYS0] AAE = dFE EI2 K Lim et
al., 2009), 2013 23 RE B 457 ¥4 HE 5%
AN FAYSo] 3] A HATHTable 2). 200872
2013 2] 52| prochloraz manganese complex®l ok
g ] A o Apoloh thd e ofA ARS- ®is)
2 FZ%t(Brent and Hollomon, 1998).

Tebuconazole®| CHEH ZH4

Tebuconazole 198611 &A] ¥ A= 7, Als}, 315,
Ex B 5 F9 AA A BAHE v g theket
1 W BA 55 AR HAL e triazole AlE 2FA| 0]
THTomlin, 2006; KCPA, 2013). 2013 2|3 ZEg +F
7 T AR AFFE AFEERD 150 pg/mllA A
o] 8] AAlEe] 2008\ AN O] 23 AL
gt A3E HSTH(Table 2).

20083 2| AU ©AHE C. gloeosporioidesS]
prochloraz®} tebuconazoled] g+ ZrAdS Hlwd 74
(Lim et al., 2009) 7] zpol= UehtA] ARt 35
AAelx o] FY Al G&Ho]3L AEHH AME-S flsiA
= o7 28 2 BRES djste gr18ela 4714
?l XUEge] Zas Aog Azbenh. detAel tigk 3t
T4 Ashe BN BAZT e HAE L] 2 oA
o] M3w @ ARSSIG SUtet DS AAI7E Arh(Brent
and Hollomon, 1998; Yasunori and Ishii, 1998).

Mancozeb+Myclobutanil MM)0f| CH&t ZbM
2008 #3110 5 A& A TelA 96.4%°]

a57F AT FAE0] A EJ S (Lim et al., 2009),
20139 #2]3t BE #57F mancozeb 1,300 pg/mi<} my-
clobutanil 40 pg/ml =2 A FEje] FA| HAI7F 22
H FA] R AR Aol ¢S] AAEe] A A
oA H2 7F ALk Algk 82l Fo] skl wA WA
o & 2 o® Yz rh(Table 2).

Fluquinconazole+Prochloraz (FP)0f| CH&F Z4A

201333} 20089 #-2]8F +52] Imidazoled)} triazole
Aol Fpell that 72H=4 (Lim et al., 2009)2 B3 A3}, &
& AAFEEAA FAESo] 8] AE o] 20081 ZE
ol Hlste] g7do] tha =A yEeRsth 2Ev 2008
d By 4559 3% prochloraz TG thel 7He4 Bt
= @AY Fpell ths Aol =9kA Hs yH e A9 ¢
Aolal a4 @A e] WAlE flst FAle a&4do]
S F US AARE AolthBrent and Hollomon,
1998; Fry, 1982).
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Tebuconazole+Tolyfluanid (TT)0f| CH&F HHS
TebuconazoleZ ¥E3Fel ~HE A AfAE] 2S¢
e oeket 284S Ad e AR ot ¥

Ao &% ek TT 7% tebuconazole?] ZF &
d 2|

FEE 75 ugmleE Ao 12 $Folt), 20139 ¥
#7 Bt B4 DEEIA Sl 98] oA

o] 2008 2] w5l Hlste] o] tha = Yk
TH(Table 2). 20083 2013 ¥-2]3F +F2] tebuconazole
Aok §Ael tiek S vlnd A, 2 2 45
£ e E 3 RUBHES Astete] e wsk Axd
3t 7122k59] AlF-o] C gloeosporioides o 213+ BEAH
o] &84 #AE st FoF AoF AZFETH(Delp,
1988; Lim et al., 1998; 2009; Staub, 1991, Yasunori and
Ishii, 1998).
2008 2= AT AsiAl T = Aol thg
Az, 20059 #F w2l 7 Bla e o
7 e At ol 3 F3lon, 20139 £ 45
o2 ARG A, Aol 2 Biske gle AeR F
ZHTH(Lim et al,, 2009). 53] 2013 #&|$ 75 EF Al
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Table 3. ECs, of C. gloeosporioides isolates obtained from fruits, leaf, and twigs of persimmon trees in Sangju

.. ECs (ng/ml)
Fungicides -
Range® Average
Prochloraz 0.02-0.23 0.078
Tebuconazole 0.02 - 1.04 0.31
Fluquinconazole+Prochloraz 0.0001- 0.24 0.029

*Minimum and maximum of ECs, (pg/ml).
®Average of 67 isolates.

Hol| FAIgH okAle] 27 AFFEAA FAF ASo] $hds
AA| =P o, Tkt el @) 2w guE
s B WS ZUEEo] By Tk ofue}l 7+ Aful
AollA FAEE ¥ Aol =go] 2 A= Aztd
(Delp, 1988; Staub, 1991, Tomlin, 2006). AL e] ¥4
1%, O A%, WA 35 9 ALk 9] AE & O
ol ofate] oRAlof tigh 7] Aol YERE Sl
BR A Faede A 23] tigk B Wad
AR Wedste] 74 WslE 34 & davt 9S AL
237}l th(Brent and Hollomon, 1998; Delp, 1988).
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TebuconazoleZ} prochloraz0fl L&t ECs,2t HI

2 67FE tebuconazole?} prochloraz 77}
50% gHrek HAE 0.01, 0.1, 1 2 10 ug/ml H== Az
iAol A ECsoikS ZAFSE A3}, tecoconazole SHr FAl o]
&k ECs@b 0.02~1.04 pg/ml ©|oH, Ha 7+ 031
pg/ml ©|ATH(Table 3). #&] #FE 5 2275(32.8%)%
EC5%ke] WE 0.125~0.24 pg/mlo] L, 28.6%2] a5+
0.25~0.49 pg/mle] ek, Eek 1 pg/ml o1de] =& ECsak
S Hole 759 HES 1.5%92™, 0.063 ug/ml 9] W&
ECs#tS Hole 459 Hl&L 6% HE=AThFig. 1). Pro-
chloraz 3 2FAl9] ECsitel HHE 0.02~0.23 pg/mle 2
gkl 7% teuconazole®] ECsatEth oF 1/5 A& WA
et 24 =2 202 YERTH(Table 3). #2149 67+
9] Hit ECs@t-2 0.078 ug/mlZ tebuconazoleol] thgh
@ ] 1/4 S=0]ATH(Table 3). EC5%te] 0.05~0.09 pg/
ml Hele] #5 Hlgo] 68.7%2Z 7P ko, 0.025
pg/ml ©]3ke] ECs#ts WP #79] HIE2 °F 3% Ho
™, 0.1 ug/ml °]’3-2 19.4% A ThFig. 1). FP (Fluquincona-
zolet+Prochloraz)®l| thd+ ECs7ks A A3, H 0.029
pg/mle1em | 0.01~0.04 pg/ml W2 ECy#He Hols
459] Hv]&o] 71 E=JTHTable 2, Fig. 1). Prochloraz}
tebuconazole?} Alo] ECs k2] AT 7h2 0.422 HHA|
7¥oll A% 20083 =2] 0.429} A LERSTH(Table 4). 2
24} tebuconazole® T+ =4 5% prochloraz THA 2 g
Ao AH F7HE H T g AL ARS 913 8714
FUEge] ded ZoF F=FtHBrent and Hollomon,
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Fig. 1. Distribution of ECs, (ug/ml) of tebuconazole (upper),
prochloraz manganese complex (middle), and fluquinconazole
+prochloraz mancozeb (bottom) to C. gloeosporioides isolates
obtained from persimmons collected at Sangju in 2013.

1998). prochlorazz} FP (Fluquinconazole+Prochloraz) A}©]
ECso#te] 13 0443 WAI7Hll AT 2008d%2] 0.615
T} $HA] YERSTH(Table 4). Tebuconazolex} FP (Fluquinco-
nazole+Prochloraz) AF°] ECs#ke] r 35 0.27=2 WA 71l
AT 2008d%2] -0.013} H]aLste] =4 UEFTH(Table
4). o] gt A7 Ao sk A ds Bl
AREOHA| O] AlE Hm HAISIFet Aol B8 AR A
24w o] Fitof tigh Mgt At zldE ook & Ao
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Table 4. Cross-responses among fungicides used in this study

. . Values of r
Combination® Recommend concentration (pg/ml) -
2008 2013
Prochloraz +Tebuconazole 250/125 0.42 0.42
Prochloraz+FP 250/300 0.61 0.44
Tebuconazole+FP 125/300 -0.01 0.27
# FP; Fluquinconazole+Prochloraz.
*Lim et al. (2009).
0.25
i ¥E DF;?‘:ZO";?‘;OSS * T}(Brent and Hollomon, 1998). Tebuconazole?} prochloraz,
% e ' tebuconazole? FP (Fluquinconazole+Prochloraz) % pro-
& .o *e: @ chlorazs} FP (Fluquinconazole+Prochloraz) Ato]€] A&
§ . S A7) flste] WSS ek A, 7Ht
¥ oa Y=0.062x+0.058, R=0.173, Y=0.048x+0.014, R=0.072,
s Y=0.525x-0.011, R*=0.197} -2 3|74/ Ao} A oAl
3 e 7+ AS G A ASE YESTHFig. 2). £
. F& oz @ 28 T4 A YA & OA
. e 5 . " T FAlel ok 2] A71ARl BUEE] ofA ¢
ECspvalue (#9/n?) of tebuconazole A &Aool T84 AFES $ste] s Ao AztE
- o FRHEY] oAl ARRel Slof FEH Hrh Aol g
v=0.048x + 0.014 olgfe} <914 T3k g & Aow FAdHTH(Brent and
o 025 . o Hollomon, 1998).
1§ 0.2 . Multi-stepol] 98} AaH4do] wase 2elEg As)
? oas A= benzimidazole, dicarboximide & strobilurin A8 24|
A 2 ® £l vlste] Aol oek ek oFF At e
= ® T
= . * O} Rhynchosporium secalis®] 2017 Hriadimenol © T
= 005 {. *ee * o 7HrA Bist BHAE IEE S ARl Zhdek o7t
c +
. . QFHE ZAog AEEcKBrent and Hollomon, 1998;
" $0° oo o 0,0
Fletcher and Wolfe, 1981).
0 0.25 0.5 0.75 1 e e
ECsgvalue (#9/m?) of tebuconazole @4 Lim ?(2009)% 20073+ 20084 2 oM F7t
o] FoF AME AE) 2ALE FAE v Y, ARG 2
-2 + o] ebxol i3k 14d FEo] AuEo] e xelox
& 0.2 & y=0523x- 0011 = 47144 57 w9 AR AEE gletste] AR &
I R'=0.197 Ao a2 g e WS Aste Aol 2
3 oas 83 Aolt}. 53] 5Y AE Ao A& E I} ARGl
% + * ogt kg Ast Aol e FARE st Hst &
T ™ Al Beke 3, FUAG 3 Hoke e Agre §
- - A 9 g7\ go] e AE B8 F2)H BA T2
Hol ghgo] Yo Ao},
o ® e 4, e e

0 0.125 0.25
ECzyvalue (a9/m?) of prochloraz

Fig. 2. Correlation between tebuconazole and prochloraz
manganese complex (upper), prochloraz manganese complex
and FP (middle), and tebuconazole and FP (bottom) of C.
gloeosporioides isolates obtained from persimmons collected
at Sangju in 2013.
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20134 B35 4FXY HUSREFE 228t Colletotrichum gloeosporioides
Bt Hol AHE detd Mall =Moo ciet 24

2 < Colletotrichum gloeosporioidestHA 8+t S-2lvke}t 7F AiA] F8 B shteltt. 20139 =+ AY 7+
(Diosprosi kaki) Sl C. gloeosporioidesll °lat] ZAE Az, #d B JorRE WAAS Eelsto]
prochloraz manganese complex, tebuconazole, mancozeb+myclobutanil, fluquinconazole+prochloraz, tebuconazole+
tolyfluanid 5 % 5%<] A=Al tigh vH3-5 ZARBIILE H2l¥ 67 45 25 A 2] 2448 FollA +

o=
APYSo] 2bA3] JAIE ATt Tebuconazole®] ECste]l T 0.02-1.04 pg/mlolle™ Ht 0.31 pg/mlel ATt
Pochloraz manganese complex®] ECs#ke] W= 0.02~0.23 pg/mlo]$om Hid ECs@k 0.078 pg/mlo| Tt
Fluquinconazole+Prochloraz(FP)oll W&t ECswk-S 2ALeE A3}, Bt 0.029 pg/mlol Atk ECszkell 7133 kA7 A4
A r2 tebuconazole’} prochloraz manganese complex?Fll= 0.420]%1 2™, prochoraz manganese complex®}
FP A 7Hll= 0.44, tebuconazolest FP A 7 0.270]1t},

Aol0{  Colletotrichum gloeosporioides, <A, tebuconazole, prochloraz
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