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Fig. 1. The effect of MTT and propanol on mycelial optical density of Colletotrichum sp. JC24. The treatment of
MTT for 12 hrs andfor propanol for 1 hr was conducted after incubation of JC24 for 36 hrs. Mycelial

optical density was measured at 595 nm.
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Fig. 2. The effect of propanol treatment on the optical density of Colletotrichum sp. JC24 applied with mancozeb and
hexaconazole at various indicated concentrations. Following 36 hr incubation of Colletotrichum sp. IC24, 10 pL

of MTT was treated. Propanol was treated for 1 hr subsequently after washing fungicides with new PDB.
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Fig. 3. The effect of inoculum density of Colletotrichum sp. JC24 on the optical density. Ninety pL of spore sus-

inhibition ratio of ODsgs

pension of Colletotrichum sp. JC24 was poured into a well of microtiter plate, being adjusted to 1x10°, 1x
104, 1x10° and 1x10° spores/mL. Spores were harvested from Colletotrichum sp. JC24, which was incubated

for 7 days at 257, by flooding the surface of culture plates with PDB, scraping the surface with a sterile
brush and filtering the suspension through cheesecloth.
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Fig. 4. The effect of 6 protective fungicides on spore germination, adhesion and mycelial growth of Colletotrichum sp.

JC24 by microtiter plate assay. For the assessment of fungicidal activity against spore germination, mycelial
growth and spore adhesion, fungicides dissolved with DMSO were treated at inoculation of JC24 immediately
(TD), after incubation for 6 hrs (A6T), and following washing fungicides 2 hrs after incubation (TIW),
respectively. The final concentration of DMSO was adjusted at about 1%.
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Fig. 5. The effect of 6 fungicides inhibiting sterol biosynthesis on spore germination, adhesion and mycelial growth of
Colletotrichum sp. JC24 by microtiter plate assay. For the assessment of fungicidal activity, fungicides were
treated at inoculation of JC24 immediately (TI), after incubation for 6 hrs (A6T), and following washing

fungicides 2 hrs after incubation (TIW), respectively.
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Fig. 6. The effect of kresoxim-methyl on spore germination, adhesion and mycelial growth of Colletotrichum sp. JC24
by microtiter plate assay. Fungicides dissolved with DMSO were treated at inoculation of JC24 immediately
(TD, after incubation for 6 hrs (A6T), and following washing fungicides 2 hrs after incubation (TIW),
respectively. The final concentration of DMSO was adjusted at about 1%.

AA vebded, £33 wold] did FAEY AAE
o] 62% AUA| &k whddl|, ERpo] R tf
g A& 544%2 AR RE A FAAM 7}
A E3THH 6.
o &

2 APA F 5(1999)2] microtiter plate assay H
I MTT$} propanol$ A 2]sle] WHFe FREE
3= Freimoser 5(1999)9] WL sjxgo g n
T AN dizte e gFEY AF 24
4% 7 A HAokn A7,

Microtiter plate assay WS AM&3le] thg9] 33
B9 YTVIE Y W, 929 T4 Yolg) 7
A el e o) ERUE 2990w SolHdl

to ki v oE

BHS AVD e HYTL AR R A9
7t A2 xSl oled BHE 837 9t
Slawecki 5(2002)2 96 well microtiter plateol] A

Botrytis®} Puccinia®} ¥ A} Bzl s @ 22 Ag

Ao AA anE ZAEIAT HUTY TAE IX
10° 7H/mLE AZS microtiter plates)] AFAE Xz
i 25CelAM wjgdst &, uige] ZebAl dof F&

32 X 2AE AA }93\‘:} Fag ¥4 IRHF
9] cytotoxicity assay®l| AFR-E|&= sulforhodamine BE
olgstel TAS wud 2 2AGoRH g
TR Hers) 5199 ckSkehan =, 1990). iU} 71 3}
Aol MIT propanols- Al-8-3}+ Freimoser $(1999)
el vlustd Eitely] wjEdd e s§E
AN AP B RO B, B
3 l/\L Freimoser 5-¢] W& 7|48l ALME-319
o), 25 gAHTFS 96 well microtiter plateol] 4%
o, SFES] A A7E oz Helqol
428 AYHE 2700 wATE oE AR
w3t g e 84 ARE ARG F
o & F(1999) in vitroo] X o] o2] 7tA) W
2 Botrytis cinerea®) w3} sulphamide] 2} dicarbo-
ximideA) AfA| el X2} Wolg FAL AR A &
2 ZAFEFY e, microtiter plate WPHOA AFAS

[o:

ek e mz tio 1o,

N

=
e
[e2]
AL

lo o oft



166 A% - Gz -

e 4 AER)
AATHAL RIS G. 152
sAlOl 2FAE A2sta 343
M= A2 e FTEOF BdT
6AIZE Bt O A
AREStR=], R 19 TelA
wolep AL Al g oA A
AT A%E 2RI Rasgn. &
7R 9] AT BRE ol gt IC4E
L T AEEAL 6AZE g Sl
dtol, A EAbe) wopeh FA AR
18 & At £ BddS HFeEA
SHAE ARet] 20 T WFY b, HES
A2 23] MAHste] AFA} FEetA] G2 W
9 TAL AA}D A2E WA BEs] I
o2, ¥RF TAY) R Asske 4FA) &
3}g 7Y & AU o) wHoz 1% Ay
Al AaAE A Ay, B A de o

1o

»
ofo

oF
00 rlo
Y
filo
401' |

=5
==

Z

of

I

o
i»

oL
/11_%
%
2
lo

Z}

o 2 mﬁ Fkl

_lzm,trﬁim?.n
P4l o ot o

2

F 7)AS AYe g5 3E 47 B4L A%
sed #48H ol88 + A Aoz ARG,

Microtiter plate assay ¥WHolA 13 B (JC24)
o] A AxE FFHoE A3 YA 124)
Zrel MTTS] A9} 14179] propanol A7} €83}
gk 2l 29 1elA BE uke} zo] 1x10° A
mLE HEFEHS e MITY @5 AHEvozw
FATEY @A FREIF F7FHS A, MTTY

@5 Aj2]el MTTS} propanol H¥ 29| &A% A

olol&= Aol Tl Microtiter plate®] 3t well %
1C249] BATAZ 1x10° AmLe AE3 T 3677
ket 19 3oAM He AT o] JC249 AR
ol X3)o st A MIT7} Aksls of
HEZ Wil formazano] tiFo g A7) WE
ol microtiter plate reader’} 7}XE AEFAESZ JolA
A, propanol®} Xzlo] QJejq HMEEREH F3H

a>
-

formazan®] FAEE A FAHA Fale A2
2 AZHEG. gEhA microtiter plate assay WO E 1

==

F BANTIC4) A& AXE Az T o),
MTTS} propanolg F8F H2|gozy HAFe A4S
O AFHoz Y £ oy, FFshe HEUY
ZAsokd Bart Utk
AME FEY FEE 1x10° 7jmLz 3
o] 7H EHAQ AAE ¥ F Uk

T yEE 44 yE

ool

p
" iikos

PO

HEA]

o}

e - A3

o .
RS

Mancozeb, chlorothalonil, dithianon2 6.25 g g/mL¢j

N nE SANE PATAY wols ¥, Jelxn
T ARE BF oAste AL nol WiFe 27

]I

23t} AdAld ZAsHA FE&de Ae ¢ F U
. 19 404 HE= u}e}l 7o} propineb, iminoctadine,
fluaziname 98} Al 7pA AFART 15 BAMT
o] o8 714 FeF Eslo v dFL H& A
o2 Ueigth 53) propinebs BWATS FHEH
2 A2sge WE A9stnE 100 pgmle] Xe

E

)

TN BT g A A7 AZEAHUA o
A3he popinebs WATY FA SO} T 37
AYE A dol o 2 G WA e A

HAFEh 659 RIE AuAe 4d 249 %
o 59w T 0gos iy 4 AL,
propineb, iminoctadine, fluaziname- JC242] EAI ¥ A&

HEGI FA 247 B Hstan ARL w2
ANAE AS, 98 F ARt o 37 Z4aEd
tl. Mancozeb, chlorothalonil, dithianon® Z-& TIE 3
F9 AFAEE 625 pgml 3 F=E At
2AZE Fo AFHEH 1C248] A FA] WX
e AR A, qA&o] Faste AE Kot
x} kg BolAog AAske AdE FEY
A= QA vEE). ZHE ARE A6
a’*ﬁﬂ]%% H3 g 4FART G40] wHEA ve
e, 100 pgmle] Aa]go| A XX} hexaconazole
3} tebuconazole-S A )dF thE AFA|Se FAF o}
QP TAF AR A Ede 25 60% #Frolth2d

o durgos A& HezZgole AHE A AFS
oq;q] e AvAle XA wolRts FAY S
A dAse Ao g 4Ex dtKSherald F, 1973;
Buchenauer, 1987). 718 59A] BE vl9} 7Eo] biter-
tanol®} prochloraz= 100 gg/mLoA TAF A &
7rb o2 EAdRY g4 vehd ¥, hexacona-
zole, tebuconazole, myclobutaniloj A= ¥ A} wole}l
A AR U A Eh hESETh Hew
coanzole S HIRE A 71A19] AEA|oA EA} dole}
oA A% A 297} Hssiad AL £ AFAA
2} o] gigk QA A5 gotrR 7] 3| B
T8 HEsHA AFAE At A& s3]
wFof] Xz} golel ek A AT} FAF AR
g AA aFAE A FEE 5 JAAJD A
Al 2 At 2ok

>}L o foh R
Hu lo im

=]
n
g



AL Aol v

—

Ty A AR AR e HATS 6417 Hie
3t Aetd7) Wi FARFNS dAsle a9
g 72 4 ddlrkn AZed g T4 g3
HA] hexaconazole, tebuconazole, myclobutanil®} 7+& A
TAE FA Mg ATl dajre dn Ao
Zzkel P g wEsle], A dolo) e A A
g Al BIR £ UL Aoz AzAwn
Nuarimol®] 100 g giml X)X AFAE AHT
Bt EXH Faol g A4 &yt Aeshe 29

DAL, 625 pgmlelr 100 pgmlel thEd
A WISt AL A% oAl S HelRAE B
91 l= aate A3 Rolx 4yt AL Ko &
oMoz exgtku BylE olgisit 19
mLoA 2ol Tx $3 oA Ee] e
190 & o e Holok & Aoz Az
Slawecki 5(2002)2 & A3 AFAz Bud
kresoxim-methyl©| B. cinerea®} P. recondita®] ¥z} %
s AP Rusig 2 AFME 100 g
g/mL9] kresoxim-methyl®] jg]le ¥ A} wolu #FA}
WAETHE EAo] 32 BolHoz JAsE AL
& 4 ATk Kresoxim-methyl & 13 gx¥lge 3
T34 FolA cytochrome be; complexe] FAL A
sedl, o] AN wWegFel A IF A=
(alternative respiration pathway)E 2+F3}7] W o) in
vitro AEAME A Gt TRGAY A=
24 o Az Aoz BuEo] rHYpemash
Gold, 1999). wietr & AFA Tal wolel FA
A% oA &3} viE)d Re 7|29 Rug BEE)
© A3z ARt 2dHUAME ¥A7} microtiter
plate®] EHo| Hish= AL AAsle adst g
aEY A et AL kresoxim-methylo] ¥z}
3o HAo] JFE Fa g E}\_ HO]E} Doss
S(1993)e] ot Fog AE

cinerea®] ¥-A I Rz

-
pul

O,

3

r{o £ Jzﬂ o H.l m[m

o,

2 Us F Aok 27])9 RAoME Pz B4 ¥
A7F FEEHEA A4AdQ B kg HiREog
e ARHSE 2 B olu) ¢l BFax|q, 7)Aol

A 4 A2 v

FHlshe g ﬂﬂ] 25 E}(DOSS 5 1995)
Kresoxim-methyl®] Colletotrichum sp. JC249) ¥z 2
e dAlshe AL 10249 AL wolsly] He 2

A B 94 298 BY 2 4FA T3 167

2L 2
o] AFe 2029E FEFAAN Aldste FHIE
H%Oﬂ%}%@%ﬂrxﬂ WE: 202143-3)9) A7Hl A
g2 FYPd A7 ZFe] dRojn A A=
Ay
012 23

Buchenauer, H. (1987) Mechanism of action of triazolyl
fungicides and related compounds. pp.205~231, In
Modern selective fungicides : properties, applications,
mechanisms of action (ed. H. Lyr), Longman
Scientific and Technical, Harlow, United Kingdom.

Cormrod, J. C. and T. R. Hawkes (1995) Screening
practices in the agricultural industry. pp.97~107, In
Brighton crop protection conference -Weeds- 1995,
England.

Doss, R. ‘P., S. W. Potter, G. A. Chastagner and J. K.
Christian (1993) Adhesion of nongerminated Botrytis
cinerea conidia to several substrata. Appl. Environ.
Microbiol. 59:1786~1791.

Doss, R. P, S. W. Potter, A. H Soeldner, J. K.
Christian and L. E. Fukunaga (1993) Adhesion of
germlings of  Botrytis
Microbiol. 61:260~265.

Freimoser, F. M., C. A. Jakob, M. Aebi and U. Tuor
(1999) The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide] assay is a fast and reliable

cinerea. Appl. Environ.

method for colorimetric determination of fungal cell
densities. Appl. Environ. Microbiol. 65:3727~3729.
Sherald, J. L., N. N. Ragsdale and H. D. Sisler (1973)



168 A - AEY -

Similarities between the systemic fungicides triforine
and triarimol. Pestic. Sci. 4:719~728.

Skehan, P., R. Storeng, D. Scudiero, A. Monks, J.
McMahon, D. Vistica, J. T. Warren, H. Bokesch, S.
Kenney and M. R. Boyd (1990) New colorimetric
cytotoxicity assay for anticancer-drug screening. J.
Natl. Cancer Inst. 82:1107~1112.

Slawecki, R. A., E. P. Ryan and D. H. Young (2002)

inhibition  of

germination-associated adhesion of Botrytis cinerea

Novel fungitoxicity assays for

recondita Environ.
Microbiol. 68:597 ~601.

Ypema, H. L. and R. E. Gold (1999) Kresoxim-methyl,
modification of a naturally occurring compound to

and  Puccinia spores.  Appl.

produce a new fungicide. Plant Dis. 83:4~19.

Mes - 2%y

Wedge, D. E. and B. J. Smith (2000) A microtiter
assay shows effectiveness of a natural fungicide for
control of Colletotrichum spp. Phytopathology 90:583.

&%, A48, B3I, /A, 249 (199) 2F
SARTY AP del 232y . pa3, o
uR 208 199, BF5otsts),

23 (1990 At 5o NEE A 22219 A4
go 2H. F=3ATYE BuA.

AR, AR, 789, 239 (2000) Saccharomyces
cerevisiees ©| 8¢ EEAHYN T F AdA HAW.
St x ok 83 x| 4:52~59.

HAAA, 4%H, 13-, 234 (1999) 98 F/79 in
vitro A& ZA oA Botrytis cinerea®] ™3} sulpha-
mide7] 9} dicarboximide#| Ao} &4 54, d=
ok ela] x| 3:37~44.

J

Development of assay method for the activities of new compounds, and the effect of several fungicides against
spore germination, adhesion, and myceial growth of Colletotrichum sp. causing red pepper anthracnose

Jae Jeung Kim, Joon Tae Kim, Sung Woo Park, Eun Suk Park and Heung Tae Kim*(Department of Agricutural
Biology, Chungbuk National University)

Abstract : With microtiter plate, the assay method was developed for detecting the fungicidal activity of new
compounds against spore germination, spore adhesion and mycelial growth of Colletotrichum sp. JC24 causing red
pepper anthracnose. Also, the effects of some commercialized fungicides on fungal development like above
mentioned were investigated by measuring the optical density of mycelia grown into wells of microtiter plate. For
the standardization of assay method, some factors, such as the treatment of MTT andjor propanol, inoculum density
and incubation period, affecting on mycelial optical density were investigated. For obtaining precise and consistent
mycelial optical density, it was necessary the treatment of MTT for 12 hrs and propanol for 1 hr. inoculum density
adjusted to 1x10° spores/mL and incubation period for 36 hrs at 25°C. For fungicidal activities, 6 protective
fungicides, 6 ones inhibiting sterol biosynthesis, and one inhibiting respiration were used in this study. While
mancozeb, chlorothalonil and dithianon among 6 protective fungicides inhibited strongly spore germination, adhesion,
and mycelial growth at 625 xg/mL, propineb, iminoctadine and fluazinam inhibited intermediately spore germination ‘
and mycelial growth at 100 pg/mL. Washing above 3 fungicides with new PD broth, their activity against spore
adhesion decreased. With hexaconazole, tebuconazole and myclobutanil, the tendency of the activity against fungal
differentiation of the early infection stage was similar to the latter group of protective fungicides, showing the
decrease of the inhibitory activity against spore adhesion by washing 2 hrs after incubation. However,
kresoxim-methyl inhibited spore adhesion distinctly, depending on the applied concentrations. Based on these results,
it might be able to assess the fungicidal activity of many compounds against spore germination, adhesion and
mycelial growth by the use of microtiter plate in vitro. Using the assay developed in this report, it was possible to
investigate the inhibitory activity of some commercialized fungicides, too.
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