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Fig. 1. The distribution of registered fungicideshigh control plant

diseases caused by Oomycetes, includ®iytophthora, downy
mildews etc.
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Fig. 2. The distributions of fungicides registeréd control downy
mildews on different crops (left) and fungicidahssifications (right).
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Fig. 3. The distributions of fungicides registetedcontrol Phytophthora
diseases on different crops (left) and fungicidassifications (right).
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Table 1. Multi-site fungicides and their mode ofi@t against Oomycete

FRAC | Group name Common name Mode of action

code’

M1 Inorganic Bordeaux Enzymes and proteins
mixture, are denatured after
cupric hydroxide, | cupric ions binding
copper thiol group on the
oxychloride, enzyme or proteins.

cuprous oxide,
copper sulfate,
oxine-copper etc.

M3 Dithiocarbamates | Ferbam, Binding the thiol group,
and relatives mancozeb, on amino acids,
maneb, metiram, | proteins and enzymes
propineb Sulfur blocked the

(restricted use in | electron receptor of
Taiwan), thiram. | cytochrome C on
mitochondrial electron
chain and interfered th
mitochondrial
respiration.

[47]

M4 Phthalimides Captan etc. Interfering the mitogis
procedure and causing
the death of fungal

cells.
M5 Chloronitriles Chlorothalonil Deactivating the thiol
(phthalonitriles) group in fungal cells

and interfering the
glycolysis and energy
production.

Y FRAC code, code used by Fungicide Resistance AGmnmittee.
Numbers and letters are Used to distinguish tlv?lctm‘es groups
according to their cross resistance behavior. Misaitie inhibitors.
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Table 2.  Selective fungicides and their mode abacigainst Oomycetes
Es(ﬁ]? Group name Common name Mode of action
Al. Phenylamide = [Benalaxyl, benalax-M | Blocking the ribosomal RN.
(Kiralaxyl), metalaxyl| polymerase I, resulting in the
metalaxylM inhibition of the ribosomal RNA
(mefenoxam), synthesis.
oxadixyl etc
B3. Benzamide Zoxamide Binding thep-subunit of tubuline
disrupting the microtubule
cytoskeleton, then preventing the
nuclear divisior
B5. Delocalizaton Fluopicolide Causing the redistribution
of spectrin-like spectrin-like proteins from the
protein membrane to cytoplasm. These
proteins maintain the stability in
Oomycetes and Ascomycete
C3. Qol-fungicides | Azoxystrobn, Blocking the electron transfi
(Quinone pyraclostrobin, between cytochrome b and
outside trifloxystrobin, cytochrome c1 at the ubiquinol
I nhibitors) famoxadone etc. oxidizing site and resulting in the
inhibition of mitochondrial
respiration
C4. Qil-fungicides | Cyazofamid Inhibiting the ubiquinone reducir
(Quinoneinside | amisulbrom site (Qi) of cytochrome bc1, then
I nhibitors blocking the mitochondrial
respiratory chail
F3. Heteroaromatic | etridiazole Blocking the mitochondrie
respiratory chain by peroxiding the
membrane lipi.
F4. Carbamate Propamocarl Inhibiting the phospholidoi an
hydrochloride fatty acid biosynthesis, then the ce
membrane permeability affect
H5. CAA-fungicides | Dimethomorph Inhibiting the phospholipi
(Carboxylic mandipropamid biosynthesis and cell wall synthes
Acid Amides
27 Cyanoacetamic | Cymoxani Mode of action is unknowt
-oxime Contact and local systemic activity
with protective and curative action
and also inhibits sporulatic
33 Phosphonatt Fosety-Al Mode of action is unknowt

Inhibiting the germination of spore
or blocking the development of
mycelium and sporulation.
Systemic activity with acropetal

[72)

and basipetal translocatis

YFRAC code, code used by Fungicide Resistance A&mmmittee. Numbers and letters

are used to distinguish the fungicides groups altogrto their cross resistance behavior.
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FEBFT 2R

F fpsig (Phenylami d&e)

AR A F A ¢ 45 R i 2 (mefenoxam, metalaxyl-M) * i #
(benalaxylj# " 7% z& AR R s e RE R L PR R R
EReAE R ] o e ERIFEZR SRk o (L B E R ATIER LT
B R F|R A3 5 ¥ (Davidse, 1995) ioag 3| &A@ »vo B & * 426 28
B BEBEY S 0 FEE AL RERENE > ¢ ) § AR
(Staub and Sozzi, 1981)# * & [ (Reuveniet al., 1980) & E & F/m
(Crute, 1987} 5 4 % at. % s (Davidseet al., 1981)e

SRR A BB e B A 4 B R P 2 Ew F’“‘gr'a,%%'r% ¥
Fe ¥ FAE I FEA 3 471 (Gisi, 2002; Gisiet al., 2007)> #

A ER B R ERN D %’ FoRLERERBE T z‘e;T:uIﬁL%L(Gm
and Cohen, 1996)#w = i # 2 8L A FE L R r+z+gr](Knapova
etal., 2002) &§ § B Fi e R EEDRFIRNERFFHI R TSR
AedBiigz 2e 2 s M(Gisietal, 2007)e -

¥R et % Pr) A (Qol fungicides)

AEFAIMFZ (T AR LR A FRRANEE > Frdlwed 2 b
(Complex Ill) eng 3 @E > & »Pﬁ:l FRARAE s e (B 5 (T h i f
% I F 9 Bk glutamic acidihy 272 i ¥ (Gisi, 2002)- A j€5F R
I F 8 ke m Ei Qiol MEHI R RATF] T B RF TS DATE
143 s glycine % % = alaninets ﬁ* £ 47 Qol g # 7 &| e % (Sierotzkiet
al., 2000) 4 1s GA3AFE A FI e ¥ 4 EF" MBI F R ¢ BT 5 &
7 (Heaneyet al., 2000)~ #* /* & f(Heaneyet al., 2000; Ishiiet al., 2001)
%o% - B R L F129L % 129 i+ % h phenylalanine: % % leucine
T oy § & ) (Sierotzki et al., 2005)% i f (Pythium
aphanidermatum) (Gisit al., 2002 3 ¢t - i@ A 7] > e L Ao
& E & ) ~ Peronospora spp.#77 4 F R A% R Qol % %H > R
FI¥ A 2t GLABAH R E iz L F R FARS R¥ F A2 o B4
4 1 Qol *£# (Gisi and Sierotzki, 2008; Grassbal., 2006)- #< Qol 1§~
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FEFE A 2000 & FRID] 0 288 2FI T L - REEFE S AT

& ‘%ﬁ*‘ut“i;ﬁﬁ— Basko#FIRiEY Qol 2 # {2 FQol %¥HF T rEARY
- 2% Qol s » yuQol %2 < H-ig + 2 (Sierotzkiet al., 2008)- >+ %

i Gl43A%m$ HE A FRR AL PR TP D Faed ""5‘%\7‘% p{:]mﬁs
F] % $ 12 % it $-(Scherer and Gisi, 2008)F {2+ *4E ~ 4 B LA
AT A G QO TR @ F F A AL A2 GL43A
FLZEET - 2 2 Qol&‘pf]f?fuj, FFEFFERADL L x g
PR AR BB R Tl QOl M H ¢ RILE MR & E A
EEILYRERE G I O B i E AR o T R
HENFIREERFEA S P g A R R o

-T

B B f v (Carboxylic Acid Amides, CAA fungicides)

AR EH FEERTE LY uigcmﬁr’pﬂ WA AR BT
Pt w2 B a8 @ 2P FE g § (Jendeet al.,
2002) 22 R A v e § § 5 B Ef#ia2 Gisietal, 2007)
e aﬁ AREM A FIR R G %ﬁd R F*ET"*H’ [RE Y e

ik % > Fu CAA H | mé'—]f@;NKZ BrEP AT AN (Gisietal.,
2007), Amdon Y b HRBY 2EG S RESRHIRP N
T AR FAMPBEMNEE RS @ H B 60 CAA BEFH
0 R IRE MR G E R e R RRE R4 D CAA EEFER
g A MR R EEE > d LT i F R F CAA DR e Y R

‘ﬁ VbR B s L CAA BFALEFE B E R & LT P

o A e P 34 CAA F#k(Cohenet al., 2007)> & % p
f%?; 1% 4 > ¥ (Rubinet al., 2008) 31—@1:}55 7 ¥ CAA o +
AR Flt mARE LR AR o
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N \Ex\.

=
T
‘Jgﬁ [ ‘sh“
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H @ e A KR AR
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2004)- g f 9 2 B & R bR T AR P St 2 EA 0 B G P
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Fungicidal Resistance of plant pathogenic Oomycetes

Meen-Lang Lee

Pesticide Application Division, Agricultural Cherais and Toxic Substances
Research Institute, Council of Agriculture, Exegatvuan.

Abstract

This review was based on decade research on tigecidal resistance
of plant pathogenic Oomycetes. The strategy obtaisce management was
also suggested in this article. Mode of actioofi-Oomycete fungicides
are mainly divided into r-RNA polymerase inhibitoguinone outside
inhibitor (Qols), carboxylic acid amides (CAAs),anoacetamide-oxime etc.
selective fungicides, and copper, mancozeb, chiatonil etc. multi-site
fungicides. Recent researches were focused oresligtance genes and the
monitor of resistance populations in the field. tme researches of
resistance genes, resistance populationBhytophthora infestans causing
late blight of potato and tomato were highly resistto mefenoxam
(metalaxylM) phenyamide fungicides, therefore the resistanaaagement
of P. infestans was highly concerned in the potato producing arddode of
action of Qols was the inhibition of the mitochoiatirespiration. Resistance
of Qols was induced when the position 143 of cytooie b gene was
mutated from GGT to GCT. Although resistance pojamaof Plasmopara
viticola was occurred quickly when Qols applied in thedfjethey also
decreased quickly when Qols stop applying in theddfi therefore the
fungicidal risk of Qols were medium. Resistanc&€afAs was controlled by
2 nuclear recessive genes, although their modectbbrawas not fully
elucidated, the fungicidal risk was classified frtmw to medium. Fungicidal
resistance populations were monitoring yearly inrdpean Union, and
common fungicidal management recommendations wenergted annually



204 BEAVHEETR G ST

by Working Groups of Fungicide Resistance Actiom@attee. Crops and
pests were both diverse and complicated in Taii@nthe management of
fungicidal resistance in fields, the authoritiesdd reinforce the systematic
and long-term monitoring and survey projects, atcbeding these results to
generate the management strategy of fungicidadteesie in Taiwan.

Keywords. Oomycetes, Phytophthora spp., downy mildews, fungicidal
resistance
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