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ABSTRACT : Five dichlofluanid-resistant (DR) and five dichlofluanid- sensitive (DS) iso-
lates were randomly selected from 992 Botrytis cinerea isolates collected from infected
strawberries, tomatoes and cucumbers, among which 105 (10.6%) were DR isolates. The
minimum inhibitory concentration (MIC) of the DR isolates to dichlofluanid was 100~500
pg/ml, while that of the DS isolates was less than 10 pg/ml. Three among the five DR iso-
lates selected showed no or reduced resistance against dichlofluanid after high temperature
treatment at 35°C and continuous subculturing. Resistance of the five DR isolates to the
chemical was lowered or lost after storing them at 4°C or oversummering in the greenhouse.
These results indicate that resistance of DR isolates to dichlofluanid is unstable. The iso-
lation frequencies of resistant isolates were lowered followed by the combined inoculation of
sensitive and resistant isolates, suggesting that the competitive ability of the resistant isolates
may be low compared to the sensitive isolates.
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Table 1. Effect of high temperature (35°C) treatment on
mycelial growth of dichlofluanid-resistant and -sensitive
isolates of Botrytis cinerea on PDA media amended with
10 pg/ml dichlofluanid

Mycelial %rowth

MIC (pug/ml)*
Tsolate to dich(lg%l/uagid (mm)
: 20°C 35°C
Resistant
BC-1 >500 15.6 153
BC-2 > 500 32,6 26.5
BC-3 >500 26.4 21.8
BC-4 100~500 132 13.5
BC-5 100~500 133 0.0
Sensitive
BC-6 <10 0.0 0.0
BC-7 <10 0.0 0.0
BC-8 <10 0.0 0.0
BCY <10 0.0 0.0
BC-10 <10 0.0 0.0

* Minimum inhibitory concentration test was examined
on PDA media incorporated with each fungicide con-
centration.

® Mycelial growth was tested on PDA media amended
with 10 pg/ml dichlofluanid after 5 day storage at 35°C
or 20°C.
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Fig. 1. Stability of dichlofluanid resistance of the resis-
tant Botrytis cinerea isolates after continuous subcul-
turing. Mycelial growth was examined after incubation
for 3 days at 20°C on PDA containing 10 pg/ml di-
chlofluanid, and response to dichiofluanid was tested
once for every five subcultures. B. cinerea isolates resis-
tant to benomyl and dichlofluanid, and sensitive to pro-
cymidone were selected in this study.
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Table 2. Stability of dichlofluanid resistance of five iso-
lates of Botrytis cinerea after storage at 4°C for 14 weeks

Mycelial growth (mm)*

Isolate
Before storage After storage

Resistant

BC-1 156 ¢ 126 £
BC-2 326 a 145 d
BC3 264 b 127
BC4 132 ¢ 121 g
BC-5 132 ¢ 121 g
Sensitive

BC-6 0.0 h 0.0 h
BC-7 00 h 0.0 h
BC-8 00 h 0.0 h
BC9 00 h 0.0 h
BC-10 0.0 h 0.0 h

* Mycelial growth was examined after incubation at 20°C
for 3 days on PDA containing 10 pg/ml dichlofluanid,
and response to the fungicide was tested after storage at
4°C for 14 weeks.

® Values are the means of 3 replicates. Means with the
same letter are. not significantly different (p=0.05) ac-
cording to Duncan's multiple range test.

Table 3. Comparison of sclerotial formation and dichlofluanid resistance of resistant and sensitive isolates of Botrytis

cinerea after the greenhouse storage’

Isolat Before storage After 30 days After 60 days
o SF MG (mm)° SF MG (mm) . SF MG (mm)
Resistant

BC-1 - 15.6 - 10.8 - 10.9
BC-2 - 326 - 28.5 - 25.6
BC-3 - 26.4 - 10.6 - 11.0
BC+4 . - 132 - 0.0 + 0.0
BC-5 - 132 - 10.3 - 103
Sensitive

BC-6 + 0.0 + 0.0 +

BC-7 + 0.0 + 0.0 + 0.0
BC-8 + 0.0 + 0.0 + 0.0
BC-9 + 0.0 + 0.0 + 0.0
BC-10 + 0.0 + 0.0 + 0.0

* Minimum and maximum temperatures of the greenhouse were 18°C and 46°C, respectively.
® SF : Sclerotial formation (+ : good formation, — : no formation).
*MG (mycelial growth) was examined by incubation for 3 days at 20°C on PDA amended with 10 pg/ml of di-

chlofluanid.
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Fig. 2. Competitive ability of a dichlofluanid-resistant iso-
late of Botrytis cinerea. The competitive ability was
determined by reisolation rates from young cucumber
plants inoculated with defined mixtures of conidia of both
resistant and sensitive isolates. Responses of resistance
and sensitivity were examined after incubation at 20°C for
3 days on PDA containing 10 pg/ml dichlofluanid.

AR

25 Al
50

0 T

et
1=
<

n #

Fgololl gk Abg-EAlo] BolA 4l zHg wAYZ
€ 714l benzimidazole#], dicarboximider] A= A
FATL] AL Z Ao oL A2 Qe AR

122 u|5old 24 wilAUZ AAFAle] ARgo)
A= gle}. o]2dt v]Eoly AFAZE phthal-
imides, dichlofluanid, folpet S-o] &&d#] ¢ic}. 2=}
T o]2{q AMFA| 71&-H) dichlofluanid= %] &A1 7
o] "hAjo] ¥ w1¥] 3 9lrk(15, 22, 23, 25).

o] £(22)& $-=viatellA] dichlofluanidel] #]3H3F
o] AR SE Basle] Sold AbgAle] #FA
TAE A Asl= oEe2 dichlofluanide} ZH& AMF
Aol AH o2 &Y 4 ity B wE vt glct o}
2hA] gl oo dguThs AAo] ofE kA9l
22} AHg-o] B R3], wjml 2 olej gt AbwAldl g
WA population®] A Hk-3-g A3t 7o)
& B w3 v} 9ot

£ AT A= dichlofluanidel] )3l 2]3}A1e] okA)
AL 227 $15ke] Al wekat o) wiek F okA)
A o] AN A3 FAAF 713dl BC4¢} BCSE= 9t
A& ¥, BC-1, BC-2, BC3& F43] ®|34de] =)

[

st AU Al Ao velyda, 35°CoAlA wiF
g o BC-13 BC4+= A 3Ado] ekl ot |
A& A9 AslEEA] AAEE Aoz v
ehitct. Aol uie} Ay dF59] A kA
o] o2 AL AT A Helrt A
Wes orlgiel. e} 4°Col A A2 A4 2 Al
2AA A3t Mol sl AR ZE A3}
A2 AdAde] oA A b8 AHAEE Ao
Yelydrl. o]213l A3l benzimidazoleA] ¥ dicar-
boximide7] AFAl o] A gAJo] A A= Aol &
vehdl= Zlo]th(26, 32, 33). whebA] dichloftuanidel]
gk A2 B g A2 g A=l

BeeverQ)y= 88 & ZALSh= 71 g wbo]
¥ 8& 2ABR: Aojzla Bwdt nir) gledl,
2 AYAME B3 5L nlag A} A3 o)
Al vlstd Ad 5ol 3A Jebgrl o9
& A AR 20l ¥usldse] dichlofluanid
A FF7L AR FFE A, 2A A, 7
d PAo] A53| wlEa AoZ A4, A
FR}E A A o] A& (fitnessyo] 57 AL
P} Rewal $(25)2- 2% HembersideX| o)A B.
cinerea®) dichlofluanidell Wg} &AL Uulxlel A
o] ofun] A&A F57) At 453 A
o A& (fimessy& ety B wstgded], 25
2| Aztet £ A A dxsldct T <
Aol gt AL B H-3HY &L dimeth-
ylation inhibitors, dicarboximide#] A-g-A ol oigl =3}k
AE el Aol Sdo]E doys 28
3 o] 718 fARke] ) w= Wol dlfolele B
77} AATHI2, 13, 14,24, 28). o]9} SHA/HAIR di-
chlofluanidel] w3t 2332 FSo] Hg3o| &4
(fitness lossy2- 7}#] -2 7ot Azt=c}.

o]A}e] A¥E F3}ed dichlofluanidel] )& #3HA
< o] T A& LS 2 QI Tl wR At
ol AAE d= 34 e A" Ao g PztEc)

2 o

WA, T, =4h, o9} A8 FollA HE 271,

B
" vlE, 2olollA]E 99275 AWETPo|EFS B

§lo] o] & FZ2HE dichlofluanid A 34 57, 7}
T4 SEFE d2 Asigich EejE 79 di-
chlofluanid *|&43-& AR} Av} 105FF(10.6%)7}
@A o1t AAAFE AR A A 5 (mini-
mum inhibitory concentration)= 100~500 pug/ml o] A}



420

olglo}

A e aER] Al 124, A 43, 1996

3L 10 pg/ml  #|=ke|giel.  Di-

chlofluanid #8431 2] etAA ZALE $)3le] 35°C 12
Al g Ad wjokd o 2A1 X3 sEF F 3T
F= Ao st A= ok A AR Y
244 A7) A wE 2AE 3 5 25t
AgAdo] ZHAasAY k3] A El= e Yehg

o},

ol2|g Abe o] Aol I A A o] B3t

the ZE vehdc. 2ol Al R ARATE
= AFT F ALY o Azke] A dE A
ol 9 Bol s AT A THe) 2=
A g5l wlske 253t

10.

11.

e

. Agrios, G. N. 1988. Plant Pathology, Academic

Press, Inc., New York. 803pp.

. Beever, R. E. 1989. Strains of Botrytis cinerea resis-

tant to dicarboximide and benzimidazole fungicides
in New Zealand vineyards. Plant Pathol. 38 : 427-
437.

. Clemons, G. P. and Sisler, H. D. 1970. Localization

of the site of a fungitoxic benomyl derivative. Pestic.
Biochem. and Physiol. 1 : 32-43.

. Davis, R. P. and Dennis, C. 1981. Properties of di-

carboximide-resistant strains of Botrytis cinerea. Pes-
tic. Sci. 12 : 521-535.

. Davis, R. P. and Dennis, C. 1981. Studies on the sur-

vival and infective ability of dicarboximide-resistant
strains of Botrytis cinerea. Ann. appl. Biol. 98 : 395-
402.

. Delp, C. J. 1980. Coping with resistance to plant

disease control agents. Plant Dis. 64 : 652-657.

. Elad, Y., Yunis, H. and Katan, T. 1992. Multiple

fungicide resistance to benzimidazole, dicarboximide
and diethofencarb in field isolates of Botrytis cinerea
in Israel. Plant Pathol. 41 : 41-46.

. Eland, Y., Kohl, J. and Fokkema, N. J. 1994. Con-

trol of infection and sporulation of Botrytis cinerea
on bean and tomato by saprophytic yeast. Phy-
topathology 84 : 1193-1200.

. English, J. T., Thomas, C. S., Marois, J. J. and

Gubbler, W. D. 1989. Microclimates of grapevine
canopies with leaf remove and control of Botrytis
binc rot. Phytopathology 79 : 395-401.

Esuruoso, O. F. and Wood, R. K. S. 1971. The resis-
tance of spore of resistant strains of Botrytis cinerea
to quintozene, tecnazone and dicloran. Ann. appl.
Biol. 68 : 271-279.

Fujimura, M., Kamakura, T. and Yamaguchi, 1. 1992.
Action mechanism of diethofencarb to a benzimid-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

azole-resistant mutant in Neurospora crassa. J. Pes-
tic. Sci. : 237-242.

Georgopoulos, S. G. 1988. Genetics and population
dynamics. In: Fungicide Resistance in North Am-
erica, ed. by C. I. Delp, pp. 12-13. American Phy-
topathological Society, St. Paul, Minn.

Georgopoulos, S. G. and Skylakakis, G. 1986. Genet-
ic variability in the fungi and the problem of fung-
icide resistance. Crop Prot. 5 : 299-305.

Holmes, G. J. and Eckert, J. W. 1995. Relative fit-
ness of imazalil-resistant and -sensitive biotypes of
Penicillium digitatum. Plant Dis. 79 : 1068-1073.
Hunter, T., Locke, T. and Carter, G. A. 1988. In-
fluence of test medium and age of inoculum on the
sensitivity of Botrytis cinerea to dichlofluanid in la-
boratory assays. ISPP Chemical Control Newsletter
10 : 30-31.

Jarvis, W. R. 1977. Botryotinia and Botrytis species.
Research Branch, Canada Department of Agriculture.
Monograph No. 5 : 31-35.

Johnson, K. B, Sawer, T. L. and Powelson M.L.
1994. Frequence of benzimidazole and dicarbox-
imide-resistant strains of Botrytis cinerea in western
Oregon small fruit and snap bean plantings. Plant
Dis. 78 : 572-577.

Kadish, D. and Cohen, Y. 1988. Fitness of Phyto-
phthora infestans isolates from metalaxyl-sensitive
and -resistant population. Phytopathology 78 : 912-
915.

Kerssies, A. 1990. A selective medium for Botrytis
cinerea to be used in a spore-trap. Neth. J. Plant
Pathol. 96 : 247-250.

Z%3), W45, 1993, Procymidone #3414l 27]
ARl el 71AA A4 TAEA] 9:26-
30.

Koenaadt, H., Somerville, S. C. and Jones, A. L.
1992. Characterization of mutations in the beta-tu-
bulin gene of benomyl-resistant field strains of Ven-
turia inaequalis and other plant pathogenic fungi.
Phytopathology 82 : 1348-1354.

oSed, WA, =34, APl 1995 Dichlo-
fluanid A4 W 454 WUFF) W F Botryis
cinerea)®| A WHE-3} el 43K} A" BA.
ZHAH R) 11 : 245-251.

Malathrakis. N. E. 1988. Resistance of Botrytis cin-
erea to dichlofluanid in greenhouse vegetables. Plant
Dis. 73 : 138-141.

Pollastro, S. and Faretra, F. 1992. Genetics charact-
erization of Botryotinia fuckeliana (Botrytis cinerea)
field isolates coupling high resistance to benzimida-
zoles to insensitivity toward the N-phenylcarbamate
diethofencarb. Phytopath. Medit. 31 : 148-153.
Rewall, N., Coley-Smith, J. R. and Sealy-Lewis, H.



26.

27.

28.

KOREAN J. PLANT PATHOL.

M. 1991. Studies on resistance to dichlofluanid and
other fungicides in Botrytis cinerea. Plant Pathol. 40
: 554-560.

Schuepp, H. and Kueng, M. 1981. Stability of tol-
erance to MBC in populations of Botrytis cinerea in
vineyards of northern and eastern Switzerland. Can.
J. Plant Pathol. 3 : 180-181.

Siegel, M. R. 1971. Reactions of the fungicide folpet
(N-(trichloromethylthio)phthalimide) with a nonthiol
protein. Pestic. Biochem. and Physiol. 1 : 234-240.
Skylakakis, G. 1987. Changes in the composition of
pathogen populations caused by resistance to fung-
icides. In: Population of Plant Pathogens, Their Dy-
namics and Genetics, ed. by M. S. Wolfe and C. E.
Caten, pp. 227-237. Blackwell Scientific Publications,
Oxford.

29. Sutton, J. C. and Peng, G. 1993. Biocontrol of Bo-

30.

31

32.

33.

Vol. 12, No. 4, 1996 421
trytis cinerea in strawberry leaves. Phytopathology 83
: 615-621.

Tooley, P. W., Sweigard, J. A. and Fry, W. E. 1986.
Fitness and virulence of Phytophthora infestans iso-
lates from sexual and asexual populations. Phy-
topathology 76 : 1209-1212.

Trinci, A. P. J. and Ryley, J. F. 1984. Mode of Ac-
tion of Antifungal Agents. The Pitman Press. 405pp.
Wang, Z. N. and Smith, J. R. 1986. Studies on
some characteristics of dicarboximide-resistant iso-
lates of Botrytis cinerea from protected lettuce. Plant
Pathol. 35 : 544-550.

Yarden, O. and Katan, T. 1993. Mutations leading
to substitutions at amino acids 198 and 200 of beta-
tubulin that correlate with benomyl-resistance pheno-
types of field strains of Botrytis cinerea. Phy-
topathology 83 : 1478-1483.



