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Incidence of Benzimidazole- and Dicarboximide Resistant Isolates
of Monilinia fructicola from Overwintering Mummies and
Peduncles on Peach trees
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ABSTRACT : Monilinia fructicola, the brown rot fungus of stone fruits, was isolated from overwint-
ering mummies and peduncles on peach trees from February to March, 1998. The resistant population
of these isolates to benzimidazole (benomyl, carbendazim and thiophanate-methyl) and dicarboximide
(iprodione, vinclozolin and procymidone) was examined. Among 417 isolates, the incidence of isolates
resistant to benomyl, carbendazim, and thiophanate-methyl were 45 (10.8%), 47 (11.3%), and 46 (11.0%),
respectively. Forty two (10.0%) isolates showed cross-resistance to benzimidazole fungicides. On the other
hand, the resistant isolates against iprodione, vinclozolin and procymidone were 186 (44.6%), 1 (0.2%)
and 150 (36.0%), respectively. Among the isolates, 116 (27.8%) showed cross-resistance to iprodione and
procymidone. Moreover, 27 (6.5%) of 417 isolates showed double-resistance to both benzimidazole

(benomyl) and dicarboximide (iprodione).
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B-gol AUFHW A Monilinia fructicola’= A%
AR Aol A wlo|etsigl Gvijet Ashd-2 Ao)x] A
N FAMA m= B0k 49 violElslat ArjollA ¢+
do YFsle] by ol T8 dA AFY A=
At EAEARE FAATHI3I).

Monilinia fructicolae BzoV8 38 A7l 713}
7] Bvhg, Aok 2 vl AUFHA LG doy|n], B3]
ek 55719 2L 7R AR JHAE xsin
2 A% WA o] g S 50~75%7HA & E
W7l = grh(13).

o] ¥ o] WA= EAbe] A3 F=2]9} benzimidazole,
dicarboximide % EBI(egrosterol biosysthesis inhi-
bitor) 4 f718A g Al 2|Estx glrh(13). 28
v og2] AE WHltolA ol & AEAlel ol A3
Sdel| o8l ofF A3} do] wWe] BuE|x k(2 4,
5,7,8,9,1123). benzimidazoleA] A#A+= 1972 5-&]
Mowilinia fructicolad) 213+ AL T 2] WHA|E 9] 3}o]
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ARS-317] Alzbsbsd ot 700 dd] St o] ¥ oFs Ast ¥
Ao] Marse] ARE-& AlRkslw 9lek(l, 3, 6,19, 20, 22).
£3] benomyldl] & A& AxE Al we} 2]
7} g& Aoz B uEe] 9lch(19,20). Jones9t Ehret:
benomyl A3 TF¢t A T vl HAdAl S
X 37153 cH(6). DicarboximideAd] AFFAlE= benomylell
gk XA 7529 E3 2 2 benzimidazoleH AHFA|E
hAlste] Hpol AMFHye] iAo =glElglot
1978\ Sztejnberg®} Jonesell 2siA] x3A] o] wiA
o] AL %l & HAAH R o A3} dA}o] B
=e] $kvi(1, 14,17, 18, 21).

oA A T2 ohE A 7S JEA AR AL
4, o E A 713 AR AR ke 8 9 gAkT
aap AEAdE Al ARFAIY] AR 2 whAlE 4 glt)
(8,10,11,12,15). it} H-&HQ) oA wbAlS $s)4]
= AA FANA L] A T ARl kA #3)
A& etsle] WAl okAof] 9§ EEiytS 2D ¢ e
oFA| A-§- by ] Apde] Fasiel(8).
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368 A gl atE ), A 149, A 4.5, 1998

E] We#FS #2)3te] benzimidazole®} dicarboximide
A Al g vk, AlEZ ZA A gAY 2 F AE
7t olF A A 8] WEE FAFSIATH

Hel? 22l 1998 29 A<t 3Y ke Aleldl &
Sol FAR|Q AE Ax, A4 99 2 T =AY
ol lollA wlo|zkstE HdF AR E A 27k
298 Wx 5l f3te] 22k uld Aol A sksich
AAE A8 FHAEF streptomycin 100 pg/miz}
ampicillin 100 pg/mie] 37} PDAel X]A33le] 25°Cell
A vieFste] WHAFS Erlstd Monilinia fructicola®
FAE 5755 Aol 2RSSkt

SAl ZF. APEHR AR A4 2257F, A= 827
T, 99 627F ¥ ¢ ALY 8FF F T 417374
Monilinia fructicola® vlo]2t3tsl vl o] oz 4
] F2jsle] Aol ARg-3kicH(Table 1).

SAl 2Hl.  benzimidazoleA AR Z benomyl(50%
wp), carbendazim(60% wp) 2 thiophanate-methyl(70%
wp)& A28t dicarboximide”ll AMFAIZ iprodione
(50% wp), vinclozolin(50% wp) & procymidone(50%
wp)E AHE-8HTH(14, 16).

Ol A& XTAL E21¥ Mowlimia fructicda 47
9] benzimidazole#A] AAFAld] hglt A WE FAR=
AR 52 Z47F 1 g ad./miZ2 A3 PDAvIAIE
0)-4-3}4] 1, dicarboximides] AAll g A3 =
= AMHA 355 77} 2.5 ug ad./miE 2% PDA
W2 & ARe-stgct. 223 borerE ol 43l FFE T
A% 271 (A4 5 mm)E wejule] 22| AgA] viA|
ol A Zstod 25°C w7 ollA] 5U7E vikF AR 45
= A #FE, A 1 FFe A 5=
sdslodch

Benzimidazolell &7 Al A&, Hd 41745 F
477%(11.3%)+= carbendazimel| th&}ed *&HAJ (carben-
dazim resistance : CR)& 59127 benomyl¥} thiophana-
te-methylell Haix+< 22t 45(10.8%) 05 46(11.0%)
757} *3Ad(benomyl resistance : BR, thiophanate-

methyl resistance: TR)ES ®.&c}(Table 1). 744t x|l
A 23 #F 5 CRE 36(16.0%)7F, BR¥ TR 7t
7t 35(15.6%) 0722 vebdth Ax A Helx 23
827 % BRE 8(9.8%)dF, CR* TR #52 742
11(134%)yd53e}. T, 22143} 99 29L& oL A
Aur) A 759 Prr) & AR FAEACG
(Table 1). AA 41745 F 42(10.1%)T3F~< benomyl,
carbendazim 2 thiophanate-methyl 5 A|%FA|] E-Fol o
slod A3AE B FA] Aol H{E 33F A8 (cross-
resistance)2 Rt} =3 1(0.2%)05+= BR+CRE F+
ek 7b wxb 234438 Bt carbendazim¥} thiophana-
te-methylel]l #3A-E& Yehlle 5= 41L0%)EFA
(Table 1).

Dicarboximidej| &Kl A&, ZF A Qo2 HE &
2]3} 4174F 5 iprodioneel] S Bl F5+= 186
(44.6%)FFK 3L, procymidone #1342 150(36.0%)
T2 Ve ot (Table 2), 22 Ald AAIQl vin-
clozolin A& F5& 1(0.2%)#52 2= ek 74t
A el A #2]3F 7 procymidone A3 (34.7%)
B} iprodione #3A F(46.2%)2] U7} =& A
2ok 2 ko] A o= F AAlol ek A3 o
=7} u]58hA veldti(Table 2). 224} iprodione A
A 7F F 1167F= procymidone A 3HAI S Ho] F
oFAI 7k 62.4%2) =& 2A} 23S B H(Table 2).

OI= X2 (double-resistance). 2|9 417dF 5 27
(6.5%)FFE benzimidazole(benomyl)¥ dicarboxim-
ide(iprodione)Al AHAldll thsle] o]F 3 (double-
resistance) & BoH, A|EE B A4 16(7.1%)
5, A= 8(9.8%)TF, A 121075 2 94
2(3.2%) @57} ol A4S Bk (Fig. D).

olate] AxE Fghsld, ol G 2HE AUFH
W F(Monilinia fructicola)®] 8-5%F 24| ¥H-g-& FALs}
&, bezimidazole#] ¥t} dicarboximideA] A-dAl
AT Uxr) A4 vepded, £3%] dicarboxim-
ideAl o) A% iprodione A 3HA] 2] DE7} A et

Table 1. Response of Monilinia fructicola isolated from overwintering mummies and peduncles on peach trees of various lo-

cation to benzimidazole fungicides

No. of isolates

No. of resistant isolates to

Location
tested Ben Car Ben+Thi Ben+Car Car+Thi Ben+Car+Thi
Kyungsan 225 35(15.6)* 36(16.0) 35(15.6) 0(0.0) 1(0.4) 1(0.4) 34(15.1)
Chungdo 82 8(9.8) 11(13.4) 11(13.4) 0(0.0) 0(0.0) 3(3.7) 8(9.8)
Youngduk 62 1(1.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Chochiwon 48 1(2.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Total 417 45(10.8) 47(11.3) 46(11.0) 0(0.0) 1(0.2) 4(1.0) 42(10.1)

Ben=Benomyl, Car=Carbendazim, Thi= Thiophanate-methyl, Ben+Car =Benomyl+Carbendazim, Ben+Thi =Benomyl+Thiophanate-
methyl, Car+Thi =Carbendazim+Thiophanate-methyl, Ben+Car+Thi =Benomyl+Carbendazim+Thiophanate-methyl.

Number in parentheses represent the percentage of resistant isolates.
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Table 2. Response of Monilinia fructicola isolated from overwintering mummies and peduncles on peach trees of various lo-

cation to dicarboximide fungicides

No. of isolates

No. of resistant isolates to

Location
tested Ipr Vin Ipr+Vin Ipr+Pro Vin+Pro  Ipr+Vin+Pro
Kyungsan 225 10446.2)*  104) 78347  104) 61270  1(04) 1(04)
Chungdo 82 30(366)  000)  30366)  000)  19(232)  0(0.0) 0(0.0)
Youngduk 62 34(548)  00.0)  25(403)  000)  22(355)  0(0.0) 0(0.0)
Chochiwon 48 18(37.5)  0(0.0)  17(354)  0(0.0)  14(292)  0(0.0) 0(0.0)
Total 417 186(44.6)  1(02)  50(36.0)  1(02)  116(27.8)  1(02) 1(02)

Ipr=Iprodione, Vin=Vinclozolin, Pro=Procymidone, Ipr+Vin=Iprodione+Vinclozolin, Ipr+Pro=Iprodione+Procymidone, Vin4Pro=
Vinclozolin+Procymidone, Ipr+Vin+Pro=Iprodione+Vincozolin+Procymidone.

Number in parentheses represent the percentage of resistant isolates.
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Fig. 1. Incidence of Monilinia fructicola isolates from over-
wintering mummies and peduncles of various locations, and
resistant to both benzimidazole and dicarboximide. Double-
resistance was examined on PDA media incorporated with 1
pg a.i/ml of benomyl and 2.5 ug a.i./ml of iprodione.
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5]

e}, dicarboximide] vinclozolin #4134 T 1458
A7} v Uglor} o] #5E obE dicarboximideA
A Ale] M E A3AFE el Al Al wa)
Agd& Hole Zlo= ”1-:—"1 o] #F9 "Wxrl F7}
b 7]E AR = WAl ofEgo] Q& Ao A
ZHghet, 3 5(8)2 AYFFonge] A we3-E 671
A2 o] ubey UxE WEks FAlsbE ¥ kAl &
£ Y F 9 Ao® Byuslgr) B AR
vinclozolin A &4 & 722 Alg ARFEA|o thsle] o
< 2AF A e Bl Auir| 7t U Hel RApL &
FA W A E 95l 2o Aoz A7), w3k
2 Wxo]7]& 3kA|% benzimidazole®} dicarboximide
Al AREA el gt o] F A FE U= o)F
A Fo Ux wolo HF X&) zAlt Ha g
Aol

dFX2Re] 22l Mowilinia fructicola®) dicar-
boximideA] AHA] 28] D=r} FA) velydrle AL
o= oln] ZA} 2A|H o] Rl dicarboximide] Ahd
A7 7 mejgte 2 2hgskw gl7] Wi Al A
o2 Az} 3l BenzimidazoleA] AMA| 34 Uxe=
AdA o2 Jgked o]z2igt Aals o] AF AMFA|Y

lo

ARE F2]9) ol-2-2] benzimidazole#| 9} QDA 2z} 3]
3} (negatively correlated cross resistance)& e
= N-phenylcarbamate| 442} benzimidazole#] A
TA 2] FA =del 23 A2 Azl B A4
benzimidazoleﬁl]&} N-phenylcarbamate] AtAlol] A
A Role oF A & EREA kR (A
% "IAA) Botrytis cinerea®) 735 oFE A 3Ale] A
o] Ba1¥lnl Qlri(4,8,9). wlebx A3F-o AT
& Y27+ Mowilinia fructicola®] E343 <] vHA1E ¢
A= AA FHeo2 e Fejgd HAFe] 4 AL <
A7k vk-g-3S ZALSE] v U E wlolE 7 3}
o] e (selection pressure)S 3= Zlo] I8
Ao E Azgie},

2 o

19984 2, 3ol Ho} 4% vlole}t HUz x| =
Fe] AN FLAW QA (Monilinia fructicola)S H-2] 3}
benzimidazole®} dicarboximideA] AR#A|el] hiF =3}
Ade] HxE AR ZAd, g 2 47357 F
benomyl carbendazim ¥ thiophanate-methylol] *]3}
A = 27 45Q10. 8%) 47(11.3%) % 46(11.0%) &
veRgde}. 42(10.1%) <= benomyl, carbendazim %
thiophanate-methylell 5% W3} %334 & i‘}:il‘/]- Di-
carboximideA] A 5 iprodione A4 FF= 186
(44.6%), vinclozolin A& F5& 1(0.2% ‘9 pro-
cymidone A T 150(36.0%)% ehdod,
116(27.8%)75= iprodione®} procymidone®] ©3}ed
A} A AE Bt B2l3 41745 % dicarboxim-
ide(iprodione)®} benzimidazole(benomyl)®l o] 13}

e Bol FF= 27(6.5%)F AT}
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