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ABSTRACT : Twenty three hundred and ninety seven isolates of Botrytis cinerea were isolated from
infected plants of strawberry, tomato and cucumber from several areas in Korea during 1994-1996 and
the resistance of these isolates against some fungicides were examined. The isolation frequency of phe-
notypes resistant to carbendazim, procymidone, and diethofencarb were found to be 69.9, 43.7, and 31.8
%, respectively. The isolates were divided into six phenotypic groups; SSR, SRR, RSS, RRS, RSR and
RRR, representing sensitive (S) or resistant (R) to benzimidazole, dicarboximide, and N-phenylcarbamate
fungicides in order. The percentage of six phenotypes were 28.2, 2.0, 27.2, 41.0, 0.9 and 0.8%, respec-
tively. On the basis of the mycelial growth inhibition (%) B. cinerea isolates were divided into three
classes (class 1; 0~50%, class 2; 51-99%, class 3; 100% inhibition) on carbendazim and three classes
(class 1; 0~75%, class 2; 76~99%, class 3; 100% inhibition) on procymidone and the mixture of carben-
dazim+diethofencarb, respectively. Changes in sensitivity levels to carbendazim and carbendazim+

diethofencarb were affected by introduction and increasing ratio of the use of diethofencarb.
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Table 1. Responses of Botrytis cinerea populations isolated from various locations to several fungicides in 1994~1996

) No. of iso- The number of isolates resistant to
Year Location (Host plant)
lates tested  Car® Car+Pro” DEF°  Pro+DEF Car+DEF Car+Pro+DEF
Buyo (Cucumber) 121 0(0) 121(100) 0(0) 0(0) 0(0) 0(0)
Nonsan (Cucumber) 45 33(73.3) 2(4.4) 10(22.2) 0(0) 0(0) 0(0)
Nonsan (Strawberry) 106 70(66.0) 35(33.0) 1(0.9) 0(0) 0(0) 0(0)
1994  Buyo (Strawberry) 41 16(39.0) 11(26.8) 14(34.1) 0(0) 0(0) 0(0)
Daejon (Strawberry) 120 76(63.3) 19(15.8) 25(20.8) 0(0) 0(0) 0(0)
Gongju (Strawberry) 213 159(74.6) 1(0.5) 53(24.8) 0(0) 0(0) 0(0)
Kimhae (Tomato) 67 7(10.4) 60(89.6) 0(0) 0 0(0) 0(0)
Subtotal 713 361(50.6) 249(34.9) 103(14.5) 0(0) 0(0) 0(0)
Buyo (Cucumber) 145 16(11.0) 56(38.6) 71(49.0) 0(0) 0(0) 2(1.4)
Nonsan (Strawberry) 356 97(27.2)  146(41.0)  108(30.3) 1(0.3)  3(0.6) 1(0.3)
1995 Daejon (Strawberry) 26 5(19.2) 16(61.5) 5(19.2) 0(0) 0(0) 0(0)
Buyo (Tomato) 225 14(6.2) 113(50.2) 84(37.3) 000) 14(6.2) 0(0)
Subtotal 752 132(17.6) 331(44.0) 268(35.6) 1(0.1) 17(2.3) 3(0.4)
Buyo (Cucumber) 170 11(6.5) 120(70.6) 39(22.9) 0(0) 0(0) 0(0)
199¢  Nonsan (Strawberry) 332 111(33.4) 65(19.6) 151(45.5) 1(0.3)  2(0.6) 2(0.6)
Buyo (Tomato) 430 37(8.6) 217(50.5) 114(26.5) 45(10.5) 3(0.7) 14(3.3)
Subtotal 932 159(17.1) 402(43.1) 304(32.6) 46(4.9)  5(0.5) 16(1.7)
Total 2397 652(27.2) 982(41.0) 675(28.2) 47(2.0) 22(0.9) 19(0.8)

*Car; carbendazim.

®Car+Pro; carbendazim+procymidone.

°DEF; diethofencarb.

“Pro+DEF; procymidone+diethofencarb.

¢Car+DEF; carbendazim+diethofencarb.

‘Car+Pro+DEF; carbendazim+procymidone+diethofencarb.
#Percentage of resistant isolates in parentheses.

Fig. 1. Growth of six phenotypes of Botrytis cinerea on
PDA media containing no fungicide (a), and 10 pg/ml of car-
bendazim (b), procymidone (c), and diethofencarb (d).
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Fig. 2. Changes in sensitivity levels of Botrytis cinerea iso-
lates obtained in 1994~1996 to carbendazim. The sensitivity
was measured in terms of percent inhibition of mycelial
growth on PDA medium containing 10 pg/ml carbendazim.
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Fig. 3. Changes in sensitivity levels of Botrytis cinerea iso-
lates obtained in 1994-1996 to procymidone. The sensitivity
was measured in terms of percent inhibition of mycelial
growth on PDA medium containing 10 pg/ml procymidone.
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Fig. 4. Changes in sensitivity levels of Botrytis cinerea iso-
lates obtained in 1994~1996 to carbendazim+diethofencarb.
The sensitivity was measured in terms of percent inhibition
of mycelial growth on PDA medium containing 10 pg/ml of
both carbendazim and diethofencarb.

A= 7 5(13)L 19869 Ae2=2 459 32.0%7F
AgddE 9-& Hustga, 19914 v 5(18)2 44.2%
7} AATUE Busieled A3Adde] £ Hlxr)
E =53 veg ZloE Woel AHIAHS drrl Qe
of we} ZA WH3A & o= JdET. FEo
dicarboximide#| AbgAlel] A&l F& benzimida-
zoleA] AgAlol sl x A3AE Hole o|F A4
(double resistance) 22 Yelyd=d], benzimidazole
AbAl e kAl A RS 53 7FE<] tHA] dicarboxi-
mideA] Al A4S F5FFo2 Jehl= A}
A= k6, 11, 20). 22 1995, 19961 =€ ¢
F 714l benzimidazoleA o= ZFAdolvt dicarboxi-
mideZl ol = A &AJ 2l #5(SRR phenotype)”?} 22} 0.1,
4.2% ¥-=]=9d+dl o]z Z 3= benzimidazoleA 4
AL AR ZFA9} dicarboximideA] AMA|] AR &=
Z}ell we} benzimidazoleAlel ZHAde] dicarboxi-
mideA] AAlel A S HY2E el oF

Al vk-g-3 o] E3tety AR

Leorux$} Gredet(15)7} carbamateA| #|ZA]7} ben-
zimidazoleA] AbdA|ol] A3l wollut Folygoz oF
EE Jehdde AL 2udk o) /s N-phenyl-
carbamate?] AFA|E benzimidazoleA] AdFAlel 3
A 2 A 1S 91381¢] benzimidazoleAl AHA)
o} gAY Hel = o] =z Ut et o]’ GAFR
.2} 284 (negatively correlated cross resistance)<
X.o]& benzimidazole#l 9} N-phenylcarbamates] At
Al 25 thsle] AgA <l oFFA3AH(RRR 2 RSR
)] £do] ¥ uEYcHB). FHol| 4= N-phenylcar-
bamate#] AFAlel diethofencarb’} 19929#E =4]
=] de] AM-EY] AAFstged), 19949 241 713
F %l RRRe|+} RSR¥ T2 §l%l-or, 19959} 1996
el B2l A8 F5 Sl zht 2.7, 2.2%7} ben-
zimidazoleZ]l ¥ N-phenylcarbamatesl =5l 34
ol A GAF o2 el Faretra $5(8)2 3=
N-phenylcarbamate# A& A8 o] gle A4
oA o2l tiF Ao MANRS Bty o,
ol2igt wo] LAAEI= TAIYe] G RIER o]n]
EAst glem AN 1 HErt S8k Aol
23 oh(2). & A% 2 19959 E 19960 APl A
ol2igt o] E2|=E%Edl o]+ benzimidazoleAl 2} N-
phenylcarbamate| AHEA|7} 34 el de] A3
o & A#E AzEch

B il 28 2AFE RRR32 A AleA 2 W A
cieoked w] 7 oAl ukg-o] Walr). Spain®] Alponso
SO0 AHADel 9sbd 2 5% RRR3-S 234
di= AE A Hb-E velliAR dF I
E-ekAstgvtar g}, Spain®] A-9= 1989\dH-E die-
thofencarb® AHE-3tdcha akx|vE $-8] vete] A=
1992 o] F ARE-E7] AAslRormg ofz kA
RRR¥&| W 4dqto] AskR] & Aoz AZgc) A
3o #2] benzimidazole?|, dicarboximide#], N-
phenycarbamate#| o}l gk HF-$-3-2 RRR ¥ RSR3
o] Ao 2 67}%](SSR, SRR, RSS, RRS, RSR, RRR)
2 v oA "Helewd, o2’ AR oA vk o]
Ao 2 A FGol o] ok WA= oleigt uk-&-3
2] Fojof] Z g WS HO0F AZFEEE AlLA]
AR Fe] U A Bed Ao AzbEc)

1994158 1996 Alolel) E2|® FFEY] oA
H3 GA| A=E 7122 F-/-E v carbendazim, pro-
cymidone ¥ carbendazim+diethofencarbel ©i3}ed+=
Z¥zt 3 classes® ViAol At A= zhzke] <k o
gtoq class Zhell 9lolA] ohekdt oFAkE vFehSiT) 53
carbendazim ¥ carbendazim® diethofencarb A<l
3t Zb class®] UA H WE-2 A 2L AFA dietho-




698

W)

fencarb®] =43 AMS- F7b71 1]l A= A=k

mebx A A SH3] Helixe 2 ALY
A E AL AR Zlo] o2t AE- slEte] BAFSla
(non-specific) -& W7} w-&(broad spectrum) A
A5 A3 A 2HE- 7)=fo] ThE AA S dstedof
& 7olth(4,14,16,19,21,22). AFATF LA L
3t AL Bl AAE FAE AEiA AREEAY A
2 o z2hg 73S 7kl oAl E ARk T woke
3 ARl 3 AREAF 3 Foll o8l A -EFely
o WA 288 Y 7 U ALE A=

e o

orollA] 1994~1996'd0l ZHA WE 2], BEvlg, &
o|ZHE 2,397759] AUFFo|WF(Botrytis cinerea)
< Relslgich g 75 7H&4 carbendazim, pro-
cymidone, diethofencarbell Hjsled A 3A]S Helf&=
F52 2382 69.9, 43.7, 31.8%% 27 Jehgrl
1994456 1996'd Alelel] #2l¥l F52] benzimidazole
A, dicarboximide”|, N-phenylcarbamateA|ol| &k 7+
FA(S) 2 HAFAR) ¥ 625 (SSR, SRR, RSS,
RRS, RSR, RRR).2 vroizich 67] wh&-3 zbzte]
2] WEE 28.2, 2.0, 27.2, 41.0, 0.9, 0.8%= bt}
Axw ®2]%l B. cinereat carbendazim, procymidone,
carbendazim+diethofencarbell ©jgt AAF A A xq
a2} 3 F79 class® Vg 4 3J=dl, carbendazime
AR A Ax7F 0~-50%, 51~99%, 100%2] class
2 o] 7}s-3l9 2, procymidone® carbendazim+
diethofencarb= 0~75%, 76~99%, 100%%] &35 B
o] class® #F3kdt}. 53] carbendazim®} carben-
dazim+diethofencarbell W& Z+2+e] classell leiA<]
W52 diethofencarb®] == A ALS-2] F7}ol| o33
S uke Ao 2 A=

#DES

1. Wi 1984. A9l F3o| ¥ F(Botrytis cinerea)®] 2FA| W
Aol T A+ FALMNLATL A=A 9:35-
44,

2. Bolton, A. 1976. Fungicide resistance in Botrytis cinerea,
the result of selective pressure on resistant strains already
present in nature. Can. J. Plant Sci. 56 : 861-864.

3. Brent, K.J., Hollomon, D.W. and Shaw, M.W. 1990. Pre-
dicting the evolution of fungicide resistance. 1990 Ame.
Chem. Soc. Sympo. Ser., pp.303-319.

4. Chiba, M. and Northover, J. 1988. Efficacy of new ben-
zimidazole fungicides against sensitive and benomyl-resis-
tant Botrytis cinerea. Phytopathology 78 : 613-618.

5. Dekker, J. 1986. Preventing and managing fungicide resis-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

3R] A 144, A 65, 1998

tance. In: Pesticide resistance: strategies and tactics for
management, ed. Committees on strategies for the manage-
ment of pesticide resistant pest populations, pp.347-354.
National Academy Press, Washington, DC.

. Delp, C.J. 1988. Fungicide resistance in North America.

The American Phytopathological Society, St. Paul, Minn.,
133p.

. Elad, Y., Shabi E., and Katan, T. 1988. Negative cross

resistance between benzimidazole and N-phenylcarbamate
fungicides and control of Botrytis cinerea on grapes. Plant
Pathol. 37:141-147.

. Faretra, F., Pollastro, S. and Di Tonno, A.P. 1989. New

natural variants of Botryotinia fuckeliana (Botrytis cinerea)
coupling benzimidazole-resistance to insensitivity toward
the N-phenylcarbamate diethofencarb. Phytopath. Medit. 28
198-104.

. Fujimura, M. 1993. A new fungicide diethofencarb to

cope with benzimidazole resistance. Jpn. Plant Prot. 47:
26-29.

Georgopoulos S.G. 1987. The development of fungicide
resistance. In:Populations of plant pathogens-their dy-
namics and genetics, Ed. by Wolfe, M.S. and Caten, C.E.,
pp.239-251. Blackwell Scientific Publications, Oxford.
Gullino, M.L., Aloi, C. and Garibaldi, A. 1989. Influence
of spray schedules on fungicide resistant populations of
Botrytis cinerea Pers. on grapevine. Neth. J. Plant Path. 95
(Suppl. 1):87-94.

Josepovits, G., Gasztonyi, M. and Mikite, G. 1992. Ne-
gative cross-resistance to N-phenylanilines in benzimida-
zole-resistant strains of Botrytis cinerea, Venturia nash-
icola and Venturia inaequalis. Pestic. Sci. 35:237-242.
ZEA. 1986, AaF AdFFoPEe] oA WS 2AL
ato] W] 7)& Ahg o]&. AFAEARA AHATR
IA(FEEAT, AEE7A AT) pp.527-529.

Leroux, P. 1995. Progress and problems in the control of
Botrytis cinerea in grapevine. Pestic. Outlook, October 1995
113-19.

Leroux, P. and Gredt, M. 1989. Negative cross-resistant of
benzimidazole-resistant strains of Botrytis cinerea, Fusar-
ium nivale and Pseudocercosporella herpotrichoides to
various pesticides. Neth. J. Plant Pathol. 95 (Suppl. 1):
121-127. :
Je R, Al =53], A1 1995. Dichlofluanid #]8}
A g zrpA A Fgo)wH(Botrytis cinerea)e] °¥A| wF
3 A A&7 A\" A FAEA] 11:245-251.
Murakoshi, S. and Hosaya, S. 1982. Occurrence of Bo-
trytis cinerea resistant to iprodione in tomato fields. Ann.
Phytopathol. Soc. Jpn. 48 : 547-550.

wrel A, o|edall, 7153]. 1992. Procymidone, vinclozolin,
benomylell %343l 27| Ao HA. A
2] 8:41-46.

Skylakakis, G. 1981. Effects of alternating and mixing pes-
ticides on the buildup of fungal resistance. Phytopathology
71:1119-1121.

Skylakakis, G. 1987. Changes in the composition of patho-
gen populations caused by resistance to fungicides. In : Po-
pulations of plant pathogens-their dynamics and genetics,



KOREAN J. PLANT PATHOL. Vol. 14, No. 6, 1998 699

Ed. M. S. Wolfe and C. E. Caten, pp.227-237. Blackwell
Scientific Publications, Oxford.

21. Staub T. 1991. Fungicide resistance: practical experience
with antiresistance strategies and the role of integrated use.
Ann. Rev. Phytopathol. 29 :421-442.

22. Staub, T. and Sozzi, D. 1984. Fungicide resistance: a con-
tinuing challenge. Plant Dis. 68 :1026-1031

23. Takeuchi T. and Nagai Y. 1982. Occurrence of strains of
Botrytis cinerea resistant to dicarboximide fungicides on
tomatoes and cucumbers in greenhouses. Ann. Phytopathol.

24.

25.

Soc. Jpn. 48:210-216.
Wolfe, M.S. and Barrett, J.LA. 1986. Response of plant
pathogens to fungicides. In: Pesticide resistance: strategies
and tactics for management, Ed. Keiding, I., pp.245-256.
National Academy Press, Washington, D. C.
fred, A7), 28E, 204, 54 1990, A1 o
AEFFoH AT LA Ao A7 AT F
Al=-F% 33:141-151.

(Received December 4, 1998)



