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—~ | Abstract } ~

Baseline sensitivity to benthiavalicarb, iprovalicarb and dimethomorph included into carboxylic acid amide
(CAA) group was evaluated in 180 isolates of Phyiophthora capsici over 4 years from 2005 to 2008. ECsy
(effective concentration inhibiting mycelial growth by 50%) value of benthiavalicarb ranged from 0.015 g mL’"
t0 0.049 g mL™ with a mean of 0.033 yg mL". The mean values of ECso of iprovalicarb and dimethomorph
were 0.411 (0.197 - 0.556) pug mL" and 0.271 (0.101 - 0.798) ug mL", respectively. Although there was no
increasing tendency in ECsy of benthiavalicarb and iprovalicarb during 4 years, ECso of dimethomorph was
increased gradually by laps of time. There was no cross-resistance between each fungicide used in this study and
metalaxyl. Among fungicides included into CAA group, there was a positive correlation between benthiavalicarb
and iprovalicarb, and between dimethomorp and mandipropamid.
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Carboxylic acid amide AtKof st 1%
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2002).

Rt Ao dHe dov)e=
Al 28ko] metalaxylof 3k A5
ol e}, A4 dd A= w2 Wt
gttt Metalaxylol] ti$t Phytophthoras: A58 kol tigt
A A7 1980t 2EHEE a7k A AR
&sfo] HuE W gtk AAR SR AE metalxylS X
Aol A3 A& 742t W HQ] P, infestansoA] metalaxyl

of tiafl Mg Hol= HYwe £do] BiuEgiri(Davidse
%, 1981; Dowley2} O'Sullivan, 1981). 5-Zj#ql ofuz} n|
2o A 1991 0] YA A metalaxylof] Tigh 48HA
Held Zalo] st Bvt Qlolom(Deahl £, 1993), 2
o] 7} RAIAE AEHA Hke-S Ho|= 7l duigro] Ba
HATHH 5, 2003; Zhang 5, 2005). 0|2} Z-2 metalaxyl
off theiA AgHd Bt SR P. infestans 1t ofel 1
Z W3l P. capsiciolN % RUEQIch. Ham 5(1991)3}
Ohot Kim(1992)-2 =tjofjx] Eejgh 115 H4<79] metalaxyl
of tigt Had ALE 2Afsle} Rusgich Ao 4 5

+ dimethomorph 59|

Phytophthora+= 1980
Tdo] wishA
HUTOR 2FE
ads

s

il
0

=
Al

2

b

22,
2

o

%
(20070 2l3iA P. capsici®| metalaxylo] W3k ok W3-
of thAl &t ¥ AaE|glon, ALl AP HYFe] HY
A g A3 Ay #ereql Exloﬁ o3t 27t Sl
RS B, 2008; ©] 5, 2009). 2L} 1 Fof e ohE2
A AEol dellAl A 200 < Phytophthora; A5
Ato] Mg ol BuER] Yoty W&o, Phytophthora

of HE+ AAE R0l F= AT o
SHEHTHKuck?} Russell, 2006).

Carboxylic acid amide(CAAYA ¥ 9] AA = 3}t

Alof o)Al thA] valinamid carbamale(benthmvahcarbﬁ}
iprovalicarb), cinnamic acid amide{dimethomorph®} flumorph),
mandelic acid amide(mandipropamid)®] A 7}3] £52 £
29 4 glon], ezel ME¥ G4 FHL AR Ao
2 g2jA 9ItiCohen %, 1995; Jende %, 2002; Matheron
2} Porchas, 2000; Reuveni, 2003). 71 %0f|A] dimethomorph

Agoz A&

:m! A

Aot Phylophinora capsicie] B8 71& 44

457

19880 714 WA AEHYS oA 199497 E
SEE O] ARREIL Gt Aol disiA o, AE 9 A
Rog aIE 7ML YITHAlbert 5, 1988). Ftofle 22
ALl £3l= mandipropamid, benthiavalicarb, iprovalicarb
7} 74 A Aol Alo) WA o AREE L Qltt. Zhu &
(2007, 2008)& 2.0] legt ¥+t Pseudoperonospora cubensis

of ThalA] e AT el FpAlo] ow, ZaolA ¥
Pl ARG TY ASBE ¥O A0R HuHYL. %)
T Ag AN Befd 2dMel A HE e F
7 Awoln, WA 24 Y Ae WE ALR Hist
Aok Gisi S2007)E & kg9l lasmopam viticola

o4 CAAAE AgAle) A W ek Z7h ek B
skt 3k Steindtt Kirk(2004)+ P. m/estansﬁ] ethidium
bromide} UVE AHej8l#L, dimethomorphE §H-5-3F ul|
A oA B Afulerste] dimethomorphol /34
ol HE Adetact. Ade #3= B Hste] A3
4 8 9l(resistance factor) 20 o]Ato|l ok AtaioFE A
SHHA A 83lo] 8otz astgich E3F A
2 A e A S A7 Be) vlalshe] o
A= ou], Heg FA] 20% ol a3tgict wbA Stein
¥ Kirk(2004):= @S] A3} ] AA A dimethomorph
off theh At W] ofgrhar Eusigich of A

f:‘{Jo?L

._.E:é;j.il%

r.a_d

TR} H o] webe CAAAE Al thajs A3
A WEo] wrha Had A9k AT, ol Aeole 24
oA A dEL gla AL et A AT
Tl CAAA G AAPE 25 49 YAE %’W 55

o} AME)7] A& AL dimethomorphrt 19948 E], T12]ar
benthiavalicarb@} iprovalicarbi= 2007153-,’3-?5{ mandipropamid
= 2008y R Efo]9lrt. 29 15 GRT-E CAAY *‘-‘Hﬂ
o] A& 9ol &sh= Ta%t %‘ Y02 FRACY] #57of ot
20 Ay WUFo] UAR 2 gl 27) B mo) &3
fatol7] o], 2% 55 AHgsto] WA 715 (baseline
sensitivity) & A4 CAAZ AgAol tfet A4S B
28 P g7t & Wedolth Mandipropamid®] 7%+ ojn|
Jang 5(2009)°1| &J4A P capsici®] 44 7j%0] HALHR] L
L}, benthiavalicarb®} iprovalicarbo]] thafAs Ei1% Wil ¢
t}. by 2 oAl CAAAE AstA| FoljAlte valinamid
carbamate ] L ZE 7= benthiavalicarb®} iprovalicarb,

)1 cinnamic acid amide 7325 2= dlmethomorphﬂ]

ofet 3% AW P, capsici®] 144 7188 7ok, 4%0)
CAAA] FAR] H Bai) 1 W3 1l LA
7} 245l Ag oRE AT



458 MRS - 7

Mz 3

Ao 22| ¥ FFo 2@

20059 58 2008 \7kA] Mt 32 &N (9e &
o, Sl sl YA AT 4 ol
22 AYorgch AW T2 Banel AAY A
22)& 8 1% sodium hypochlorideof 4] 1587} FHA
3, 70% ethanolo A ThA] 3027t Abdstdc) HWAT
DF2AL PR AHsl, Phytophthora?) A8
Jee HjA]{com meal ararol| YA FA(EFZFS, 100
mL; pimaricin, 100 mg; rifampicin, 100 mg; ampicillin,
1000 mg; hymexazol, 250 mg; PCNB, 500 mg)-‘l 1%7}
o W 4&*} ié‘é Eﬂ
oYo] V-8 juice agar(F54>, 800 mL; V8 juice, 200 mL;
agar, 17 g; CaCO, 1 g)oﬂ 7 20C 3R-27]0)A] wjoret %
FHE A stE ot Hiofsto 2R 3] o
o] “";‘5}@‘3} Bt B eiA Eeer
2 20% V-8 juice agaroﬂﬁ 547+ 20C 82 BH%]:?}

AAFet 2 7oA Aehte &%&o

-
Nx
9.
":U e

cap tube(27%; 1 cm, l*'0] 10 cm)o) 103:2,%} ‘:g”"! gq.a.ou
5 mL(BH#55F4, 4.5 mL; 3,000 ug mL' 9} streptomycin,
0.5 mL)E o] 20C g-27]of B3ahn Aol A5k

A0l ALt Az

2 AgolA+ carboxylic acid amide(CAA)A|Hol| <
3%0) AAIE Aste] ARSI Valinamide carbamate
o} £5]3= benthiavalicarb(a.i. 93.6%)%} iprovalicarb(a.i. 97%),
7183 cinnamic acid amided] £3}= dimethomorph(a.i.
95%)E Bayer Crop Science®2} TEslojglo g B Hokk
of A¥lo| AHg-}gich

9| AzFHol st KMatd AH

Balsh HYH-S carboxylic acid amide(CAAYAEY] 3
7HA] ArA|9F IRNA A& Asfgho =y ohid gHde o
Adhz 71248 71 metalaxyloll tofAl A TEE 24
shlet. AE iAol AEAIE A7Eek] flelA e AatA)
= DMSOE ARg3sta] LafAch V-8 juice agare] A8k
AFA o] e bentlna\zahcalbﬂ 000625, 0.0125,
0.025, 0.05, 0.1, 0.2, 0.4 g mL" , iprovalicarb7} 0.0625,
0.125, 0.25, 0.5, 1, 2, 4 g mL", dimethomorph7} 0.032,
0.16, 0.8, 4 ug mL”, 78] 3 metalaxyl-& 0.032, 0.16, 0.8,
4,20, 100 ug mL 0] EE2 F7lsl%on, DMSO9] 2%k
L= 1% olsrt ¥ixE A} o] Wl V-8 juice agard]
Aol 99 WAs] $18) 300 yg mL" 9] streptomycin
2 A7kskaich. W E] HEL 200 V-8 juice agaro]
5UZY wiket P. capsici 49 Adold 44 5 mme] o
ApEZFE wof Yol HutAlE H71eh V-8 juice agaro] HF
7 20CelA] 327 e} & 752 ABE AFes 2
AR O] FAF A AAE(%) 2 IS H7eRA] G HiA
ol At ] AR ASFAE AR wiAjoflA #tEe] 2]
g vlastol tekgich

Za QD
D% SmTel AZH U3 A4y 7IE 2
2 ool ARl R 444 712 29 9

M 927§ OJ g Aldstel é%@oi] ’\}-é’-dfiit%

Ao ARG-SF K= $15-9] benthiavalicarb, iprovalicarb,
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1). Benthiavalicarb®] H+ ECsogb- 0.033 ug mL" o],

Table 1. ECso (effective concentration inhibiting by 50% of mycelial growth) value of three carboxylic acid amide fungicides against

the mycelial growth of Phytophthora capsici isolates’

. ECso
Fungicide :
Minimum Average Maximum
Benthiavalicarb 0.0151a 0.0333 0.0488
Iprovalicarb 0.1967 0.4108 0.5562
Dimethomorph 0.1013 0.2714 0.7982

* The sensitivity of P. capsici to each fungicide was investigated through the agar dilution method.

® Figures was EC50 value (ug mL™M).
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HFg. 1. Sensitivity distribution of Phytophthora capsici isolates
to four fungicides according to effective concentration inhibiting
mycelial growth by 50%. A: benthiavalicarb, B: iprovalicarb,
C: dimethomorph.
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Table 2. Mean ECsp value of carboxylic acid amide fungicides against the mycelial growth of Phytophthora capsici isolates collected

during 4 years (2005-2008)"

Average ECso

Fungicide
2005 2006 2007 2008
Benthiavalicarb 0.0263° 0.0367 0.0307 0.0333
Iprovalicarb 0.3894 0.4389 0.4004 0.3953
Dimethomorph 0.2202 0.2233 0.2831 0.3031

*ECso, effective concentration needed to reduce mycelium growth by 50%

bAverage of ECso values (ug mL™)
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Fig. 2. Relationship between ECsp values of carboxylic acid
amide fungicides (benthiavalicarb, iprovalicarb and dimethomorph)
and metalaxyl against Phytophthora capsici isolates. R* value
was the correlation value for the relationship.
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Fig. 3. Relationship between ECsy values of carboxylic acid amide fungicides such as benthiavalicarb, iprovalicarb, mandipropamid

and dimethomorph against Phytophthora capsici isolates.

A CAAA AtAle] diaiiAl AgAel 15 o

Ale FUARE, AR FFNM AT 2o
I Rom, AR T2 CAAA S AA o A w3}
ARG E 2 222 WA ok weby CAAA A3AE
ARgto] Glg AW A og wAeta, 1 537t A
T ALH7] el AtAl BUEYE V28 3 okt
AR wel7h 2e¥ Aoz Az,

el 3

+ Gt EHMEATNLIRIE sy g a7
5 1% A4 W B A 714 A a7 52
3l HAA R T ehe] BK21 AR (Mol 2591 7] 44l &
SHAFEEH ] R YPor sHH A AuRA, 2 o] HAlE
At
> /8/8 /¥

Albert, G, J. Curtze and A. C. Drandarevski (1988) Dime-
thomorph (CME 151), a novel curative fungicide. Brighton
Crop Prot. Conf. Pests Dis. 1988:17~23.

Cohen, Y., A. Baidr and B. T. Cohen (1995) Dimethomorph
activity against oomycete fungal plant pathogens. Phytopathology
85:1500~1506.

Davidse, L. C., D. Looijei, L. J. Turkensteen and Van Der Wal
(1981) Occurrence of metalaxyl-resistant strains of potato

blight in Dutch potato fields. Neth. J. Plant Pathol. 87:65~
68.

Deahl, K. L., D. A. Inglis and S. P. DeMuth (1993) Testing for
resistance to metalaxyl in Phytophthora infestans isolates
from north-western Washington. Am. Potato J. 70:779~793.

Dowley, L. J. and E. O'Sullivan (1981) Metalaxy! resistant strains
of Phytophthora infestans (Mont.) de Bary in Ireland. Potato
Res. 24:417~421.

Gisi, U. (2002) Chemical control of downey mildews. p 119-159
in: Advances in downey mildew research. P. T. N. Spencer-
Phillips, U. Gisi, and A. Lebeda, eds. Kluwer Academic
Publishers, Netherlands.

Gisi, U., M. Waldner, N. Kraus, P. H. Dubuis, and H. Sierotzki
(2007) Inheritance of resistance to carboxylic acid amide
(CAA) fungicides in Plasmopara viticola. Plant Pathology
56:199~208.

Ham, J. H., B. K. Hwang, Y. J. Kim and C. H. Kim (1991)
Ditferential sensitivity to metalaxyl of isolates of Phytophthora
capsici from different geographic areas. Korean J. Plant
Pathol. 7:212~220.

Jang, H. S., S. M. Lee, S. B. Kim, J. Kim, S. Knight, K. D.
Park, D. McKenzie and H. T. Kim (2009) Baseline sensitivity
to mandipropamid among isolates of Phytophthora capsici
causing Phytophthora blight on pepper. Plant Pathol. J.
25:317~321.

Jende, G., U, Steiner and H. W. Dehne (2002) Microscopical
characterization of fungicidal effects on infection structures
and cell wall formation of Phytophthora infestans. In: H.
W. Dehne, U. Gisi, K. H. Kuck, P. E. Russell and H. Lyr
eds. Modern fungicide and antifungal compounds III. Bonn,
Germany: AgroConcept 83 ~90.

Kuck, K. H. and P. E. Russell (2006) FRAC: Combined resistant
risk assessment. Aspects of Applied Biology 78:3~10.



462

Matheron, M. E. and M. Porchas (2000) Impact of azoxystrobin,
dimethomorph, fluazinam, festyl-Al, and metalaxyl on growth,
and zoospore cyst germination of three Phytophthora spp.
Plant Dis. 84:454~458.

Moore, M. S., G. B. Follas, G. C. Hagerty and R. M. Beresford
(2008) Carboxylic acid amide (CAA) fungicide resistance
prevention strategy. New Zealand Pl. Prot. 61:134~136,

Oh, J. S. and C. H. Kim (1992) Varying sensitivity to metalaxyl
of Korean isolates of Phytophthora capsici from red pepper
fields. Korean J. Plant Pathol. 8:29~33.

Reuveni, M. (2003) Activity of the new fungicide bethiavalicarb
against Plasmopara viticola and its efficacy in controlling
downy mildew in grape vines. European J. Plant Pathol.
109:243~251.

Stein, J. M. and W. W. Kirk (2004) The generation and quan-
tification of resistance to dimethomorph in Phytophthora
capsici. Plant Dis. 8§8:930~934.

Zhang, X, K. Ryu, J. Kim, J. Cheon and B. Kim (2005) Changes

38.

Zhu, S., P. Lin, X. Lin, J. Li, S. Yuan and N. Si (2008)
Assessing the risk of resistance in Pseudoperonospora
cubensis to the fungicide flumorph in vitro. Pest Manag.
Sci. 64:255~261.

Zhu, 8. S, X. L. Liu, Y. Wang, X. H. Wu, P. F. Liu, J. Q. Li, 8.
K. Yuan and N. G. Si (2007) Resistance of Pseudoperonospora
cubensis to flumorph on cucumber in plastic houses. Plant
Pathology 56:967~975.

AR, o1, XY, A5, (2007) 20053} 200630 27
3t U3 AW-I(Phytophthora capsici)®] metalaxylo] gt ok
A 8RS, FoFsla]A] 11:305~312.

Az, olew, AR, WY, A, 2008) Y 13 Eo
metalaxyl 34 H3} 2 metalaxyl A7 1] digh |
YA FuA. FerEra]A 12:270~276.

ofaul, AXE, PAE, FEH. (2009) Metalaxylo] et #33
g oAte] 4. wodHsteiA] 13:283~289.

BEHE, AL, ol WAL (2003) FHA A RN E2T

in the sensitivity to metalaxyl, dimethomorph and ethaboxam LA SEd(Phytophthora infestans)®] metalaxylo} thdt 7+
of Phytophthora infestans in Korea. Plant Pathol. J. 21:33~ A W3} Forgsls|A| 7:25~31.

At Phytophthora capsiciel L4M

7= Y

A

o

oF 313 8 AR oA 2005 FEE 2008 WA 40 A AT 18072 1% AW Phyiophthora capsici
ArC.Z carboxylic acid amide(CAA)A H ] benthiavalicarb, iprovalicarb, dimethomorphol] W3t 74/ 434 HH3-&
ARoIch. R0l AT 3740 Aol ek ECug(HURY FAIHS S0% SA5Hs %) benthiavalicarb}
0.033(0.015-0.049) ug mL7, iprovalicarb7} 0.411(0.197-0.556) ug mL7, dimethomorph7} 0.271(0.101-0.798) g mL"
2 UER{T] Benthiavalicarb®} iprovalicarby= TR Ad RIS AMS317] AJ&FeE 2007 A 56 9] ECsott ¥ AME-3}7] H9
ECsodt 7l Aol7 Qo) B9 ECaglo] 93 #EoME a4e) e ol 2 gl9it}. Dimethomorph
AA] 2N A dato] BEIAE FUA, AHE YT ECsogto] AAD] A531EL Y= AT ol 3 e
Z+-8712H8 2= metalaxylZe] A BAS TH57] Yote] R*ZES A=), benthiavalicarb, iprovalicarb,
dimethomorph 74213} metalaxyli}-9) RZ%H:’; 0.001, 0.009, 0.0698 w-¢ vro} A AlkHAr HsiA ogith Ze
A @l £38h= mandipropamid®t Ao AMGT A FF ) AA| 22k FRBAE 2ARE AT, FAKE SR E AY
+ benthiavalicarb®} iprovalicarb, Z12|3 dimethomorph&} mandipropamid?7t2] A##A 7 QA= ct X9t FUgH
CAAAES tE HeAShs FHBAT A=A ket

7 A

MOI0} benthiavalicarb, iprovalicarb, dimethomorph, Phytophthora capsici, 7454 71& A3




