— M - Multi-sitios |

Fungicidas imoveis INORGANCOS
INORGANCOS ORGANICOS
ORGANICOS =

B - Mitose R
formacéao da tubulina

Fungicidas sistémicos -
BENZIMIDAZOIS

INIBIDORES DE OOMICETOS BENZIMIDAZOIS
INIBIDORES DA BIOSSINTESE DE ESTEROIS

A - Sintese de acido nucleico
FENILAMIDAS (ACILALANINAS)

Inibidores de Oomicetos G - Biossintese de esterol em

membranas
INIBIDORES DA BIOSSINTESE DE ESTEROIS

U - Modo de acao indefinido
FOSETYL
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Bacteria Archaca Eucarya

Plasmodiophoramyco{a‘ | iasidiomyfota

x carcing Myxomycota Animals Ascomycota

M rf:flf:fl.(zxt na Slime Zygomyc Ol
acenvorans A\[()ld\ Chytrldlomycota

(5.7 Mb) ; :
Gram Halobacterium Fungi Parede celular com

positives Methanobacterium (2.57 Mb) glucana e celulose
Purple thermoautotrophicum Plants Ergosterol ausente ou
bacteria (1.7 Mb) : pouco importante na
Archaeoglobus Ciliates membrana
fulgidus Individuos diploides
(2.18 Mb)

Green non-sulfur
bacteria

Methan ICOCCUS
rannaschis
(1.6 Mb)

Cyanobacteria

pemix
(1.6 Mb)

Sulfolobus Trichomonads
/ Trypanosomae Phytomonas

Flagellates
Oomycetes

, solfaticarus
I'hermotogales (2.9 Mb)

Microsporidia

Pythiaceae — Pythium e Phytophthora
Peronosporales < Peronosporacea — Plasmopara e Peronospora
Albuginaceae — Albugo




Table 1 Comparison of some ordinal, family and generic classifications of downy mildews, white blister rusts and relatives

Goker et al. (2007),

l'hines and Spring (2005)"

Waterhouse (1973) Kirk et al. (2001) Riethmiuller et al. (2002)

Peronosporales Peronosporales (no order name) Peronosporales

Peronosporaceae
Basidiophora
Bremia
Bremiella
I’«’l'(mn.vpm'u
Plasmopara
Pseudoperonospora
Sclerospora

Albuginaceae
Albugo

Pythiaceae
Phytophthora
Pythiogeton
Pythium
Sclerophthora

Trachysphaera

Peronosporaceae
Basidiophora
Benua
Bremia
Bremiella
Paraperonospora
Peronospora
Plasmopara
Pseudoperonospora

Albuginaceae
Albugo

Pythiales

Pythiaceae
Halophytopthora
Peronophythora
Phytophthora
Pythium
Trachysphaera

Pythiogetonaceae
Pythiogeton

Sclerosporales

Sclerosporaceae
Peronosclerospora
Sclerospora

Verrucalvaceae
Sclerophthora

Peronosporaceae
Basidiophora
(Benua)

Bremia
Paraperonospora
Peronophythora
(Peronosclerospora)
Peronospora
Phytophthora
Peronospora
Plasmopara
Pseudoperonospora
Sclerospora

Albuginaceae
Albugo

Pythiaceae
Lagenidium
Pythium
(Pythiogeton)
(Trachysphaera)
(Sclerophthora)

Peronosporaceac
Basidiophora
Benua
Bremia
Graminivora
Hyaloperonospora
Paraperonospora
Perofascia
Peronosclerospora
Peronospora
Peronospora
Plasmopara
Plasmoverna
Protobremia
Pseudoperonospora
Sclerospora

Viennotia

(family not formally classified)

Phytophthora

Albuginales

Albuginaceae
Albugo
Pustula

Wilsoniana

(Voglmayr, 2008)




Classificacao de oomicetos

Plasmopara viticola
———— Bremia lacltucae
— Pseudoperonospora cubensis

e Hyaloperonospora arabidopsidis

- Phytophthora cactorum
Peronosporaceae [~ Phvior ‘ Sel Lt
P [—— Phytophthora infestans Peronosporales

E Phytophthora palmivora V1109
Phytophthora capsici
- Phytophthora cinnamomi
~ Phytophthora sojae
Phytophthora ~ Phytophthora ramorum
- Pythium iwayamai
—‘{ - Pythium irregulare
Pythlum — Pythium violae
e Pythitum ultimum Pythiales
b e Pythium aphanidermatum ‘
A Ibuglnaceae = Pythium coloratum
i Pythium arrhenomanes ’
Albugo candida ,
Rhlpldlomycetldae E——-—leugo laibachii Albuginales L1109
Sapromyces elongatus - Rhipidiales
Saprolegnia monoica L1109
Saprolegnia parasitica | Saprolegniales
- Aphanomyces euleiches L1109
Classificacdo de acordo com SSU rDNA Apodachlya brachynema - Leptomitales | 1109
(Riethmuller et al. 2002)

Sclerosporaceae

Saprolegniomycetidae

Classificacao baseada no gene CesA3 (celulose sintase) e na configuragao de

aminoacidos na posi¢do 1109, V=valina, M=metionina, L=leucina (Blum et al. 2012) 153




DOENGAS GAUSADAS POR OOMIGETOS

Mildio da videira — Plasmopara viticola

Mildio ou Mofo Azul do fumo
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DOENGAS GAUSADAS POR OOMICETOS

Requeima da batata e do tomate — Phytophthora infestans
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DOENGAS GAUSADAS POR OOMICETOS

Podriddes — Pythium, Phytophthora Podriddes pos-colheita — Phytophthora

™« \
- X

% : : VR AN T
.
y 4 y 4
A ) i I n

Constituicdo do Patdogeno — parede com
celulose; sem sintese de ergosterol e
melanina; tubulina diferente dos fungos;
nucleo diploide

Sobrevivéncia

Epidemias explosivas
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FUNGICIDAS SISTEMICOS INIBIDORES DE 0OMICETOS

ACETAMIDAS - cimoxanil

CARBAMATOQOS - cloridrato de propamocarbe
prothiocarbe

FOSFONATOS — fosetil -
ISOXAZOL - hymexazol

MORFOLINA (CAA carboxylic acid amide) - dimethomorfe

Qol - Azoxistrobina
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FUNGICIDAS SISTEMICOS INIBIDORES DE 0OMICETOS

ACILALANINAS — Herbicidas fenilamidas sem cloroacetil (1977)

Metalaxil C,;H,,NO,

methyl N-methoxyacetyl-N-2,6-xylyl-D alaninate

=
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FUNGICIDAS SISTEMICOS INIBIDORES DE 0OMICETOS

ACILALANINAS - Herbicidas fenilamidas sem cloroacetil (1977) 2

* Metalaxil C,;H,,NO,(1970) - RIDOMIL
Metalaxil-M C,:H,,NO, (1996) — RIDOMIL GOLD

methyl N-methoxyacetyl-N-2,6-xylyl-D alaninate

Primeiro sistémico
Peronosporales

<

r

\

Pythiaceae
Peronosporacea
Albuginaceae 3]
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A: Nucleic Acid Synthesis

Mode of Action of Fungicides

FRAC classification on mode of action 2016 (www.frac.info)

B: Cytoskeleton and motor proteins C: Respiration
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A: Nucleic Acid Synthesis

A1l: RNA pnlymerase | A2: adenosin-deaminase
# 4: PA-fungicides (PhenylAmides) # B: hydroxy (2-am ino)-pyrimidines

acylalanines

Table 5.2. The spectrum of different classes of fungicides

Mode of action
(FRAC) Oomycete Basidiomycete metalaxyt-M

butyralactones oxarolidinones

Al All None
A2 None None

o
A3 Some None ﬂl j:)
Ad None \é’

cl o |
o (=]

10D
o

ofurace

A3: DNA | RNA synthesis (prop.) A4: DNA topoisomerase

¥ Jd: heteroaromatics type Il tgyrase.}
# 31: carboxylicacids

Isoxazoles isothiazolones

2nd Edition
\DNEPTY
/(f, N s €
- YA / osohnic acid
2 th'g:a_nd lg Hewitt N (baclenicide)




of Action of Fungicides

Benalaxyl e metalaxyl
mistura racémica
(enantiometros D e E)

benalaxyl-M (=kiralaxyl)
metalaxyl-M (=mefenoxam)

S-metalaxyl R-metalaxyl

Fig. 1 Structures of the two metalaxyl enantiomers

Monkiedje & Spiteller (2002)

A: Nucleic Acid Synthesis

Al: RNA polymerase |

# 4: PA-fungicides (FhanylAmides)

acylalanines

o

benalaxyt-M metalzxd-M

butyralactones oxazolidinones

o =]

1

oxadig]

o

A3: DNA ! RNA synthesis (prop.)

¥ 44 heteroaromatics

Isoxazoles Isothiazolones

A2: adenosin-deaminase

¥ B nydroxy (Z-amino)-pyrimidines

Ad4: DNA topoisomerase
type Il (gyrase)

# 31: carboxylic acids

axnlnic acid
{Bactericide)




SISTEMICIDADE

Movimento de metalaxyl em plantas e tuberculos de batata

Pequena
guantidade de
Metalaxil atinge

tubérculos

Testemunha nao tratada

Tratamento foliar: Tratamento via
MXL confinado a solo: MXL
area tratada move-se para

raiz e folhas
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SISTEMICGIDADE

Movimento em plantulas de abacate

fiograms of avocado seedlings treated with "*C-metalaxyl. A, The labeled fungicide w plied to the six uppermost leaf blades (arrows) (some
cted in the lower part of the stemand petioles and very slight radioactivity wasdetected in leaf blades lower than the ited ones) or B,
s applied to the stem and petioles (arrows) (considerable radioactivity was found in the leaf blades and no radioactivity was detected

ty in the roots of either stem- or foliage-treated plants). i

Zaki et al. Phytopathology 1981 (71):509-514 Vol. 71, No. 5, 1981 513 y
15/53



MECANISMO DE ACAO DO METALAXIL — Inibicdo da sintese do RNA

RNA ribossdomico

RNA — polimero de nucleotideos Polimerase |

i RNA mensageiro

Pentose — Base nitrogenada — Grupo fosfato Polimerase |l

i Uridina (uracila)

nucleosideosd Adenosina (adenina)
Guanonina, etc..

RNA transportador

Polimerase |l

METALAXIL — Incorporacao de Uridina
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MECANISMO DE ACAO DO METALAXIL — Inibi¢éo da sintese do RNA

RNA — polimero de nucleotideos

Pentose — Base nitrogenada — Grupo fosfato Polimerase ||

i Uridina

nucleosideos d Adenosina

Guanonina, etcl.

METALAXIL< Incorporacao

de Uridina

INIBICAO DE 20 — 60% DE RNA

POR QUE?

RNA transportador
Polimerase llI

Table 16.12 Effects of phenylamides at concentrations of 10 pug/ml on endogenous RNA poly-
merase activity of nuclei isolated from a wild-type (S) and a metalaxyl-resistant (R) strain of
Phytophthora megasperma f. sp. medicaginis

Phenylamides Activities as a percentage of control
S R

metalaxyl 91
benalaxyl 51 97
cyprofuram 70 96
oxadixyl 92
metolachlor 72 92
propachlor 93 91

') Isolated nuclei were incubated in a reaction mixture containing in a total of 100 pl:50 mM Tris-
HCI (pH7.9), 1 mM dithiothreitol, 1 mM ATP, GTP and CTP, 0.01 mM UTP, 2 uCi [5,6-°H]
UTP, 4 mM MnCl;, 50 mM ammonium sulphate, 10 pl of nuclear suspensions and the different
phenylamides or solvent (control). Reaction mixtures were incubated at 25 °C and after 30 min acid-
precipitable radioactivity was determined using standard procedures (DAVIDSE ef al. 1983 b).




Acao predominante na polimerase | (RNA ribossomico)

Algumas evidéncias...

Metalaxil em doses recomendadas

Inibe formacao de tubo germinativo? ——>
Inibe motilidade de zo6sporos? —>
Inibe encistamento de zo0sporos? —
Inibe colonizacéo pelo patdogeno? —>

Inibe esporulacéo (esporangio, oésporo)? —>

NETe

NETe

NETe

Sim

Sim
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P. capsici P. citrophthora P. parasitica

]
(=
v,

5]
o

B
o
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Inhibition of sporangium
formation (%)

Q

(a:]
(=]

motility (%)
o]
=]

B
o
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LY
o
(=1
o
=]
b=
~
—
o
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=]
=
=]
=
=

)
(=]

=]

e, ‘3—\r
10102 10" 10° 10" 102 10° 102 1072 107 10° 10" 102 103

Azoxystrobi
Dimethomonbh
Fluazinam

|+ Fosetyl-Al

B [} o
= o =]

Inhibition of cyst
germination (%)

4%}
=)

=

10 102 10 10° 10" 102 10° 10 10210 10° 10" 102 10° 10 102 10~ 10° 10" 102 10°
Fungicide concentration (ug a.i./ml)
Dose recomendada de metalaxil-M 3 ppm

Matheron, M. E., and Porchas, M. 2000. Impact of azoxystrobin, dimethomorph, fluazinam, fosetyl-Al, and metalaxyl on growth, sporulation, and zoospore cyst germination of three
Phytophthora spp. Plant Dis. 84:454-458. 19/53




A: Nucleic Acid Synthesis

Acao predominante na polimerase | (RNA ribossomic
Mais evidéncias...

Precursores de rRNA estimulam formacao de 1-3 glucana sintase

A3: DNA /| RNA synthesis (prop.) A4: DNA topoisomerase
# 32: heteroaromatics type Il (gyrase)
# 31: carboxylicacids

Acumulo de B1-3 glucana sintase === engrossamento das paredes

Resisténcia cruzada com outras acilalaninas que interferem na polimerase |

TABLE 4. Sensitivity of three metalaxyl-sensitive and five metalaxyl-resistant isolates of P. wviticola to five phenylamides and three fungicides of other
chemical groups. Tests were carried out on grape leaf discs of the variety Gutedel

Sensiveis ECs; values (p.p.m. a.i.)" ofiéolate no: re—sistentes

Product CH 57/82 F 40/82 ZA 19/81 F 38/82 ZA 03/81 CH 01/83 GR 02/82 URU 01/82

Metalaxyl 0-16 . . 4-70 5-80 430-00 57000 140-00
Oxadixyl 0-38 ; g 330-00 700-00 750-00 520-00 620-00
Ofurace 0-01 J . 650-00 >1000 >1000 >1000 >1000

Cyprofuram 0-24 . ; 48-00 240- 2 4-00 1-40
Fosetyl-Al 26-00 21-00 23-00 18-00 17:00 34-00
Cy il 2-40 . 620 1-70 4-00 1-80
0-08 0 ( 060 0-44 : 0-90 0-08

* Based on estimation of % discased leaf area; T Tested on whole grape plants of variety Gutedel.

Diriwachter et al. CROP PROTECTION (1987) 6 (4) 250-255

Resisténcia monogénica e dominante — 2 anos apos lancamento do produto
Mutacao no gene RNApoll (Y382F) — associada a 85% dos casos de R a mefenoxam  ,ys;



) & - - - N -

* Alternancia ou mistura com produtos sem resisténcia cruzada (Br s6 misturas)

» Na mistura, o produto adicional deve estar na dose recomendada

« Usar apenas no inicio da estacdao. Apos o uso trocar por fungicida de outro grupo
* Duas a quatro aplicacdes da mistura/ano

« Utilizar preventivamente (na acao curativa/erradicante a populagao patogénica

é elevada demais)

» Nao utilizar no solo para protecédo da parte aérea (formulacdes em mistura
com n&ao sistémico)

21/53



D— Controle curativo de isolado da
—econen linhagem clonal US-8 (resistente a
metalaxil) de Phytophthora

Infestans

1st application

Foliar disease (%)

i5 20 25
Days after inoculation

Table 4. Effects of fungicides on expansion rates of late blight lesions and sporulation from those
#—Chlor lesions determined in inoculated field plots
——Prop/chlor

. . i " . 4
Lesion expansion rates em-/day # Sporangia/cm?

Treatment 1995 1999 1999

Chlor™ l.4a l4a 3= 10t
Cymox/chlor? [.4a l4a 39 = 104a
Prop/chlor® 0.9b 1LO® 20 x10%a
Unsprayed control 1.6 a l.6a = 104a
LsD 0.4 0.4 L4 104
Fvalue 0.0029 0.0055 0.0

—&— Cymox/chlor

—&— Control
1st application

Foliar disease (%)

15
Days after inoculation

® Chlorothalonil (Brave WS) applied at 1.3 kg aiha

¥ Cymoxanil (Curzate 60 DF) applied at 139 g a.dJ/ha plus chlorothalonil (Brave WS) applied at 1.3
kg ai.ha.

—=— Propichior = Propamocarb hydrochloride plus chlorothalonil (Tattoo C) applied at 2.0 kg a.i./ha.

—&—Chlor

-

[=]

[=]
j

=J
L
L

=—&—Cymox/chlor

—8—Control

3
@
L

15t application

Foliar Disease (%)
o
=

10

Days after inoculation

Mayton, H., Forbes, G. A., Mizubuti, E. S. G., and Fry, W. E. 2001. The roles of three fungicides
Fig. 1. Disease progress curves of potato late blight in small field plots as influenced by diverse in the epidemiology of potato late b||ght Plant Dis. 85:1006-1012.

fungicides. Fungicide applications were imtiated at 1 to 5% disease (indicated by the arrow). Data
are for A, 1997, B, 1998, and C, 1999. Fungicides were applied every 3 days in 1997 and 1999 and
every 4 days in 1998, Error bars represent the standard deviation of the mean of either three (1998)
or four replicates (1997, 1999} of percent foliar disease at each date.
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Produtos ainda eficazes, mesmo com aparecimento de isolados resistentes

Table 10.3 Sensitivity to mefenoxam of Phytophthora infestans bulk isolates® collected from
potato fields in Europe (\IL F, A,CH, D, DK, UK, S, RL)h between 2004 and 70]3

Year

W SR
57

2005 -

2006

2007

2008 %,) .

2009
2010

Number of isolates

40

28
82

Sensmvnv‘

. .
(26

1

|61

Table 10.5 Resistance to mefenoxam in soilborne Pythium and Phytophthora species in the USA
(recent selected references)

Pathooen

P)thzum spp

Pythium spp.
P;\;thviz'an’ spp
Ph )‘rop/ﬁh ora
cinnamomi

Phytophthora

nicotianae

Phytophthora £

erythroseptica

Phytophthora |

| Tobacco

] Crop

Carrot

Omamemals

Ornamentals

Ornamentals

Potato

119962001 | 2
120102011

INo.of
isolates

19862004 | 65

- 12006-2008 |

1997 2000

Diverse (see

[ Percent
I'eSIS[anCC
e
60 |
160 |Otaya 2011y

Rererence

”Lu et al ("017)

Moorman et al. (2002)

Hu et al. (7010)

| Parkunan etal. (2010)

| Tayloretal. 2002)

2001 200ﬂ 7 =

| Porter et al. (2007)

Lamour and Hausbeck

S A e, capsict, - fex9 | BT [ashnall oo | _1(2000)
s - g ik Parra and Ristaino (20()1)
' French Monar et al (7006)
| Keinath (2007)

07 8y il |
e R e e R
2013 |Few* nd
“Data from Synoema mterna] sensmvny monitoring (unpubhshed) In 2013 only few samples Café Filho and Ristaine.
were received, no reliable data available (nd) ; (2008)

bNL Netherlands, F France, A Austria, CH Switzerland, D Germany, DK Denmark, UK United T e 2007 — e S s (201())
Kingdom, S Sweden, RU Russia . o ] /a (2009)° g
CTh;ge:sholds: sensitive (S): ECs;<0.1 mg/l; intermediate (I): 0.1>ECs <10 mg/l; resistant (R): et Svncema e Sensmmy momtormc = (UnPUthheglaﬂ( O
ECs0>10 mg/l ®Data from Syngenta internal sensitivity monitoring 2009 (unpublished)

(Gisi & Sierotzki, 2015)




FUNGICIDAS SISTEMICOS INIBIDORES DE 0OMICETOS

ACILALANINAS (fenilamidas) — metalaxil, metalaxil-M, benalaxil
ACETAMIDAS - cimoxanil

CARBAMATOS - cloridrato de propamocarbe e prothiocarbe
FOSFONATQOS - fosetil

ISOXAZOL — hymexazol

FOSFONATOS - Fosetil Al (1977)
Sistemicidade total

Espectro mais restrito que acilalaninas
Eficiente no controle da doenca e sem efeito in vitro

ECs; (ng/ml) sensiveis ECy; (ng/ml) resistentes
Fungicide B capsici B citrophthora B parasifica P capsici E citrophthora

P, parasitica

Fosetyl-Al 103 236 30, 02 404
Metalaxyl <0.1 .38 0.0 725

Matheron & Porchas Plant Dis. 84:454-458. 2000
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Table 16.6 Spectrum of activity of recent Oomycetes Fungicides

Common name

Pathogens on
root/stem

Foliar pathogens

Activity against pathogens
other than Oomycetes

Hymexazol

Propamocarb

Cymoxanil

Aphanomyces
Pythium
Aphanomyces
Pythium,
Phytophthora

Bremia, Peronospora

Phytophthora
Pseudoperonospora
Plasmopara
Peronospora
Phytophthora

Corticium sasaki
Fusarium spp.

Fosetyl

Phytophthora

Pythium

Pseudoperonospora
Bremia

Plasmopora
Pseudoperonospora

Phomopsis viticola
Guignardia bidwelli
Pseudopezzia tracheiphila

Phenylamides
(spectrum varies
between indivi-
dual compounds)

Peronosclerospora
Phytophthora
Pythium
Sclerospora
Sclerophthora

Albugo

Bremia
Peronospora
Peronosclerospora
Phytophthora
Plasmopara
Pseudoperonospora
Sclerospora
Sclerophthora

Fluazinam

Dimethomorph

BASF 490F/
ICIA5504

Phytophthora

Phytophthora
Pseudoperonospora
Bremia
Peronospora
Phytophthora
Plasmopara
Pseudoperonospora
Phytophthora
Plasmopara

Bolrytis cinerea

Foliar and glume diseases
of cereals and rice,
Powdery Mildews, Venturia
inaequalis, Aternaria spp.




FUNGICIDAS SISTEMICOS INIBIDORES DE 0OMICETOS

Sensibilidade diferencial a fosetil no género Phytophthora

awberry cactorum

5 F.J. Louw e University)

5411477 |




Browne et al. Plant Disease (2005)

[ ] Non-inoculated, non-sprayed

N
- Non-inoculated, phosphonate-sprayed
77} P. citricola, non-sprayed

P. citricofla, phosphonate-sprayed

INIBIDORES DE OOMICETOS 00| Ramos

200
=
E
=
o
o
B
Pulverizacéo 3
Foliar

29/10/99

1 e 3 meses Inoculagao-—> 17 Nov-
18 Jan

antes da
inoculacao

iches and B, trunks
s inoculated with I‘J’nru,*n Frum
ola in experiment 1. NutriPhite P+K 0-23
at 4.7 liter :
] 29 Oct 1
inoc llldlt d Lil [hL

licate trees }:u:[-'
; -~ 50 f S > ; . on the trunk
Cancro em amendoeira o o rnnit scparaie branches.

als.




Fosetil

Planta ou solo

Acido fosforoso

TABLE 1. Slope, ECsy, and ECoy” values® for inhibition of radial growth by
I yrous acid for individual cultures of Phyiophthora citricola and P.
cinnamoni grown on a modified Ribeiro’s medium’
Inhibition of
radial growth
Culture
P. citricola P127:
P1315

P1277

P. cinnanonii Pc356 .27 1.2 27.9 4

Pcd()2 0.96 g 2 64.21
Pc407 1.02 6.2+1.2 7.7

] .

"ECs; and ECyy are the concentrations (micrograms per milliliter) required
to inhibit radial growth 50 and 90%. respectively.

: an £ standard deviation of the mean based on a linear regression of the
response (percent mycelial inhibition) plotted against the dosage (log
concentration) H:POiw. The values are based on data from two
experiments
Cultures grownon V8-CaCO: (V8Cin the text) agar were transterred onto
a modified Ribeiro’s medium (1 1) at pH 6.2 containing 0.084 mM K H: PO,
and no B-sitosterol. Radial growth was measured alter 4 days ol
mcubation at 24 C
"Correlation coefficients for all slope values were significant at P = 0.01.

TABLI

cido fostoroso /n vitro

Inibicao de crescimento
Nao inibe formacao de
clamiddsporos

4. Influence of phosphorous acid on the number of

chlamydoespores produced by three cultu ol Phytophthora ¢cinnamonii
incubated at 24 C

Concentration

of H:PO:
(ng ml)

0.0
1.0
5.0
10.0
50.0
100.0

Chlamydospores (10 ) Chlamydospore
produced by production

P. cinnamoni' inhibition (%)

Pcd(2 407 Pcd402 Pcd407 Pcels6

15.3a
14.0 a —

124 a ] 10.0 ¢ - -
14.5 a 8.6¢ 5 36
10.,0b 4, 6.0b 3 34
44c¢ 37b 40b 71 65

*Cultures were grown in half-strength carrot broth for 48 hr and then

overlaid

days.

with solutions of H;PO: and incubated in the dark at 24 C for 35

Coffey & Joseph. Phytopathology 75(9):1042-1046. 1985
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Entendendo a terminologia dos fosfonatos...

Phosphonate |[Broadly, any compound containing a carbon to phosphorus bond. More
commonly, used to describe products made of the salts or esters of phosphorous
acid

Phosphorons  [|Anhvdrous solid substance, often cited by its chemical formula, HPO{OH), or
acid H.PO.". The basicingredient in phosphonate products.

Phosphonie Strong acid produced by dissolving phosphorous acid in water. The term
acid phosphonic acid is often used synonymously with phosphorous acid.

Phosphite Alkali metal salts of phosphorous acid. The most common phosphite is
potassium phosphite, and is made by mixing a solution of potassium hydroxide
with phosphonic acid. Potassium phosphite is also referred to as mono- and di-

potassium salts of phosphorous acid on some phosphonate product labels.
Plants take up phosphite ions (H,PO,) but they are not used in phosphorus
metabolism. Phosphite products have fungicidal properties.

Ethyl Organic (carbon-based) compound bonded to an aluminum ion forming
phosphonate  |[aluminum tris (0-ethy] phosphonate) or fosetyl Al; the active ingredient in
Aliette and Chipeo Signature fungicides.

Phosphoric Strong acid used in the manufacture of phosphate fertilizer.
acid

Phosphate Principle component of phosphate fertilizer; usually in the form of ammonium
phosphate, potassium phosphate, or caleium phosphate. Plants take up and use
phosphate ions (H,PO," or HPO,”) for ATP, DNA, photosynthesis, respiration, and
other metabolic ﬂmr:l:[uns. Phosphate does not have fungicidal properties.
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Eficacia de Fosetil e outros
fosfonados contra Pythium

L
[ =
=
=

L=
8
=
=
L
L

o
®

Treatments
Fig. 2. Effect of phosphonate fungicides on|Pythium blight|development on|perennial ryegrassjcv.
1ghted turl.

Integra in 2(MM, expressed as percentage of otassium phosphite-C s a commercial
formulation of potassium phosphite (Alude), fosetyl-Al is a commercial formulation fosetyl-Al
(Aliette), and fosetyl-Alfpigment is a commercial formuation of fosetyl-Al and a propietary blue-green
pigment (Chipco Signature). Bars with the same letter are not significantly different at P = 0.05.

% of blighted turf

Treatments

Fig. 3. Effect of phosphonate fungicides on :d-:\'clnpmcm offcreeping bentgrass v
Penncross in 2005, expressed as percentage of blighted turf. Potassium phosphite-C is a commercial
formulation of potassium phosphite (Alude). fosetyl-Al is a commercial formulation fosetyl-Al
{Aliette), and fosetyl-Al/pigment is a commercial formuation of fosetyl-Al and a propietary blue-green
pigment (Chipco Signature). Bars with the same letter are not significantly different at P = 0.05.

Cook et al. Plant Disease. 20009.
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Fosetil e acido fosforoso
nvive

TABLE 1. Control of Phytophthora cinnamomi root rot of seedlings of

Persea indica in the greenhouse with fosetyl-Al and H;POy"

Shoot Percent
Koot dry Shoot drv growth healthy
Treatment’ weight (g) weight(g) (cm) roots

J—

MNoninfested stcamed sotl + H:O 2.81 a TEla 167ab 92.4a
Infested soil = H:O 302 b .4 ¢ 0.0 b
Infested soil + fosetvl-Al-fohar 6.13a  165ab E1.8Ba
Infested soil + fosetvi-Al-soil f.31 a 6.1 ab 84.2a
Infested soil + H:POs-foliar 6£.92a 1%99a Hd4.6a
Infested soil + H_II Os-zoil 742a 109hb 84 4 a

—— =

=
-3
=

=3

!'\-.:l !-\J — |“'\-.I'
=

Led e
— o W

PR R

"Values at 6 wk Ell"it'r ]"h]anlmlz are the means of five rephcates. 1'|'rd.|ljl:‘\ '.'.Lih
the same letter are not significantly different according to Duncan’s
multiple range test, P = (.03,

*Soil drenches were applied | and 7 days after transplanting 9-wk-old
seedlings into soil naturally infested with P. cinnamomi. Foliar spravs were
applied 1, 7, and 8 days after transplanting. Concentrations of the
chemicals used were 1.5 ga.i. of fosetyl-Al and 1.0 g H: PO per liter, which
are 12.7 PO: meqg, L concentrations.

"Based on visual observation of roots rinsed free of soil.

Modo de acao — indefinido

® HziPOs3
O FOQSETYL Al

[

% STEM INFECTED

0 .13 .25 .38 .5l 68
POz MILLIEQUIVALENTS/L

Fig. 1. Percentage of stems of Persea indica infected by Phyrophihora
citricoda, 1wolate P1273, as a function of the PO; meq concentration of
H: POy or fosetyl-Al Seedlings were immersed in either H: POy, or fosetvl-Al
27 hr after inoculation with 2 ¥ 10* zoospores per plant, Vertical bar

represents LSD (P = 0.03).

Fenn & Coffey Phytopathology 1984 (74):606-611




Unknown Mode of Action

ethyl-
phosphonates

cyanoacetamide-

phosphorous
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flusulfamide

#35
triazoxide

*Temporary status; information on mode of action and
[ or resistance risk is still uncertain
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pyriofenone

Resisténcia — pouco importante no campo

Bremia lactucae

Downy mildew

b
.
il

lettuce Brown et 2004

tetrazolyloxime

_8 4-quinolyl acetate
I

glucopyranosyt
antibiotic

piperidinyl- thiazole
isoxazoline

E

PiVepaeny

#U16 Y

tebufloquin

'

#WN7
I picarbutrazox

oH OH  HO,
HO, a o
HO HOY u n
H
oH
ey’

#U18
validamycin

field

Phytophthora citrophthora
rots

Collar rot / foot

Angeles Dhaz Borras
& Vila Aguila 1953

in -vifro

Plasmeopara viticola

Dovwny mildew

Grape vine Khilare af al. 2003

field

Pythium aphanidermatum

Sanders ef gl 1990

Not specified

in-vifro mutation




INIBIDORES DA BIOSINTESE DE ESTEROIS (EBI)

Esterdis — componentes da membrana celular de eucariotos
Ergosterol — 95% do conteludo de esterdis da membrana de fungos
esterois 22% do total de lipideos
Oidium

Excecoes : ] -
¢ Oomicetos — fucosterol ou sintese de outros lipideos

Figure 1.3:  The main ultrastructural features (lower half) and main processes and storage
compounds in the storage zone (upper half) within the principal zones of a growing hypha. A
ATPase; Glu, glucose; N, nucleus; V, vacuole; —, active solute movement; -—, solute moveme
by diffusion or through water flow; © hydrogen ions/protons. The other organelles, endoplasmic
reticulum, dictyosomes, mitochondria and vesicles, have not been labelled but are readily
recognized.
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HO
Oestero 22-Dihydroergosterol Fecosterol

(Cholest-5-enol) (Ergosta-5,7-dienol) (Ergosta-8,24(28)-dienol)

Numbering System Campesterol 5-Dihydroergos_terol
(Ergost-5-enol) (Ergosta-7,22-dienol) Ergosta-5,24(28)-dienol

Fungisterol

Slioetad! (Ergost-7-enol) Stigmasta-5,7-dienol

(Stigmast-5-enol)
Cholestanol Series

Stigmasterol 24(28)-Dehydroergosterol :
Ergostanol Series (Stigmasta-5,22-dienol) (Ergosta-5,7,22(24)-tetraenol) Stigmast-7-enol

s : Episterol
Stigmastanol Series Ergosterol ; ’
- (Ergosta-5,7,22-trienol) (Ergosta-7,24(28)-dienol) Stigmasta-7,24(28)-dienol

Nome comum ergosterol - proposto em 1889 para esterol isolado de esclerédios de Clavicsps purpurea (ergot



INIBIDORES DA BIOSINTESE DE ESTEROIS (EBI)

1967 Basf =derivadss de morfolinas
Baye N
Eli Lilly £ dinas
Inibidores da

> biossintese do
ergosterol — inibicao

da demetilacao no

1970 Suminato - piridinas lanosterol (14) DMI

Grupos mais importantes
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INIBIDORES DA BIOSINTESE DE ESTEROIS (EBI)

Squalene

Lanosterol a- Lll

demetilase
Lanosterol T A

Side Chain

Methylation Cltocromo
P450 (CYP)

OH” >

[MITOCHONDRION # Zymosterol

C Lanosterol = s :
14 MITOCHONDRION |

Oxidative Gene CYP51 Zymosterol

Demethylations

Fecosterol

Double Bond
Rearrangements

OH”

. Fi"uro;}" Jiosvnthesie SO sl 3% . sy

Ergosta-5,24(28)-dienol Ergosterol Stigmast-7-enol 8 D, Bio 7\.hhu~‘;‘~ of ergosterol in fungi. In most
tungi (LHS) lanosterol is 24-methylated in the mitochon-
drion; in S.cerevisiae (RHS) it is zymosterol that is 24

methylated, to give fecosterol.




| A Mode of Action of Fungicides

FRAC classification on mode of action 2016 (www.frac.info)

D: Amino Acid and Protein Synrj'mis E: Signal Transduction F: Lipid s:.mtnesis and Mambrane Integrity

Ex: Sv-ll-ndlr‘h-ll—:f-rm_-”n E3: Oumetic shgnad teansduction Fe ml_em-lh I‘!- ﬂmnﬂw Fi: call membrana  Fa: mlerabial disnepters of
" e

D1: mesticaing Slorysthesin
T L #tas . itz =i - AP { Wsten binusa fos-1, Duft)
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G1: C14-demethylase in sterol biosynthesis (erg?1/cyp51)
# 3 DMiI-fungicides (DeMethylation Inhibitors)
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INIBIDORES DA BIOSINTESE DE ESTEROIS (EBI)

Contents lists available at ScienceDirect Table 2
Median values of weighted response ratos for soybean rust severity (Rq) and yield
Crop Protection (Ry) for different active ingredients, based on a synthesis of 71 fungicide efficacy
trials conduded in Brazxl from 20032004 to 2006/ 2007,

journal homepage: www.elsevier.com/locate/cropro

Active ingredient and typical rate (g ha=") i R® Ry~

Single compounds
Quantitative review of fungicide efficacy trials for managing soybean Azoxystrobin (50} 23 0.568 1.366
rust in Brazil Cyproconazole (30 or 40) 514 LE24

Difenoconazole (50) 26 0738 1169
H. Scherm®*, R.S.C. Christiano?, P.D. Esker ®, E.M. Del Ponte€, C.V. Godoy ¢ Epoxiconazole | 50) (1) 0,559 1.298
Fluquinconazole [ 62.5) 21 0809 1185
Flutriafol {62.5) 24 510 1430
Metconazole (54) 17 k526 1467
Myclobutanil | 10:0) 23 0427 1.242
Picaxystrobin {&0) 18 0465 1425
Propiconazole (125) 17 5549 1307
Prothioconazole (75 or 100} 30 0325 1.598
Tebumnazole { 100} 0379 1.629
Tetraconazole (50) &1 62 L3377

71 ensaios uniformes de 2003 a 2007

Comnanons:

Aroxystrobin + cyproconazole (B0 + 24) 37 0241 1.586
Cyproconazole + propiconazole (24 + 75) 42 0374 1. 466
Flusilazole + carbendazim (100 + 50 or 75 + 150) 22 0147 1.361
Flutriafol + carbendarim (50 + 30:0) 20 0432 1.528
Flutriafol = thiophanate-me thyl (B0 = 300) 51 0433 1.419
Pyraclostrobin + epoxiconazole (565 + 25) 31 0388 1.563
Trifloxystrobin + cyproconazole (562 + 24) 36 0346 1G53
Trifloxystrobin + propiconazole (50 + 50) 24 0525 1418
Trifloxystrobin + tebuconazole (50 + 100) 33 0327 1.569

2 Dnly products applied n at keast 15 entries are induded.

7 Reisdefined as the disease severity of a given fungiade treatment divided by the
disease severity of the corresponding untreated check. The smaller R, the better the
mntrol efficacy.

© Ryis defined as the vield of 2 given fungidde treatment divided by the yield of
the orresponding untmeated dwedk. The greater By, the better the yield response.




RESISTENCIA AOS EBIS

10 CASO - OIDIO EM PEPINO APOS 2 ANOS - ISRAEL E ESPANHA (1980)
OIDIO EM CEREAIS (1984)

field
E-teh.mmu : De laborate
Waard 1996 mvestigation of
lack of imntrinszic
activity
Sugar beet Henry & Trivellas Laboratory
1 .';'E':i '.3 mutants

Grey mold

: eraminis T

|
Falamarakis ef
1991
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Fyrenphora teres

Met blotch

Barlev

Sheridan ef al. 1983

field

Pyrenophora titici-repentis

Tan spot

Wheat

Feimann & Deising
2003

field

Rhynchosporium secalis

Leaf blotch. zcald

Barley

Hunter ef al. 1986
Kendall & Hollomon
1990

Fendall et al. 1993
Cooke ef al 2004

Glasshouse
field

Field isolates
field

Sclerotinia homoeocarpa

Vargas eral 1992

laboratory

Septoria tritici

See
Mycosphaerella

graminicola

Sphaerotheca fuligenea

Powdery mildew

Cucumber

Schepers 1983, 19854,

1985L

field

Sphaerotheca mors-uvae

Powdery mildew

-
o

Blackcurrant

Goszezynski ef al.
1938

field

Sphaerotheca pannosa

Powdery mildew

MNectarine

Feuvent 2001

field

Trichoderma koningii

Figueras-Foca eral
1996

Laboratory

Uncinula necater

Powdery mildew

Grapevine

Steva ef al. 1980
Feidi & Steinkellner
1994

Miller & Gubler 2003

field
field

field

avenae

Loose smut

Oats

Hippe & EKoller 1986

laboratory

or;
g0 maydis

5
(=

Smut [ blister
st

hiaize

Walsh & Sisler 1981

laboratory

Venturia inaequalis

Scab

Apple

Stanis & Jones 1985;
KEaller et al. 1991

fisld
laboratory

Venfuria nashicela

Japanese pear
scab

Pear

Tomita & Isha 1995

field




RESISTENCIA
AOS EBIS

Maioria poligénica,
facilmente obtida em

7 - Resistance
laboratorio, pouco MULTI-STEP RESISTANCE
detectada em campo

Frequency in population

TABLE 1
Expression of Murations for Resistance to Sterol Biosynthesis Inhibirors in N. haematococca var. cucurbitae

. Resistance factor” ,
Strain Locus morfolina

designation mutated Fenarimol Triforine Imazalil Tradimenol Fenpropimoph

FN-393 fen-1 3.2 3.0 2.0 6.0 l.
FN-425% Jen-2 2.4 2.5 2.0 a2 .
FN-310 Jen-3 3.0 2.5 3.3 6.1 l.
FMN-430 fen-4 2.4 2.0 i3 5.3 .
FN-341 fen-5 2.4 1.5 4.0 8.0 .
1.
.
1.

EN-46 fen-b 2.0 2.5 2.0 5.1
FN-377 fen-T 2.0 15 30 5.2
FN-378 fen-8 4.0 3.0 1.3 6.0

T
m
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a relacdo entre a concentracao inibitéria do fungicida para o mutante e a concentracao inibitéria para o tipo selvagem




RESIST’ENGIA ROS EBIS Maioria poligénica com efeitos

secundarios prejudiciais

TABLE 3
Comparison of Fenarimol-Resistant Mutants of N. haematococca var. cucurbitae 1o Their Respective
Wild-Types No. 38 and No. 49 with Repard 1o Some Saprophytic Fitness Parameters on Agar Medium

Mutated MIC of Radial Spore Gierm tube
Strain locus lenarimol growth” Sporulation® germination” elongation”

No. 38 wi 2.5 24 9.44 949 18.0
No. 49 2.5 24 Y44

FN-393 7.0 21 .30 &0 8.2
FN-37 en- 5.0 11 6.04

FN-46 . 5.0 11 7.17

FN-427 ' 6.0 13 117 1.2
FN-310 1.5 16 8.30 5.9
FN-314 en-; 1.5 14 6.79

FMN-308 7.5 11 5.28

FN-380 - 3.0 19 7.55

FN-352 e 5.0 20 1.55

FM-430 5.0 20 7.55

FN-341 -3 6.0 15 7.05

FN-377 - 3.3 14 7.23

FN-378 10.0 4 f.35

FN-376

Y
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15.5 T 4.91

@ Mean colony diameter {(mm) measured after 4 days of incubation at 25°C (n = 4).

® Mean number { % 10%) of conidia per mm?® of colony after 4 days of incubation (n = 4).

* Proportion of germinated conidia after 13 hr of incubation {(n = 100).

“ Mean length (wm) of germ tube after 13 hr of incubation (n = 84). MIC — minimum inhibitory concentration




RESISTENCIA AOS EBIS

Mecanismos

» Efluxo do fungicida (dependente de energia)
 Efluxo do fungicida e acumulo em vacuolos

« Afinidade da parede ao fungicida (reducéo no i
* Detoxificacéo

« Mutacao ou superexpressao de CYP

" r 1
Pl (Al

Time trrun )

T66T "022-2T2:0v ‘|01sAud ‘waydolg -dNsad

Fic. 3. Accumulation of |"Clfenarimol (10 M) by
iveelivrm of wild-tvpe strain No. 38 (0) and fenari-
med-resistant isolates FN-377 (0 and FN-76 (50 of N,
haematococca var. cucurbitae.
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RESISTENCIA AOS EBIS

Mecanismos

 Efluxo do fungicida (dependente de energia)
« Efluxo do fungicida e acumulo em vacuolos
« Afinidade da parede ao fungicida (reducao no ingresso)

 Detoxificacéo

« Mutacao ou superexpressao de CYP
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Acumulo de triadimenol marcado nos vacuolos de esporidios

de Ustilago avenae (Hippe, 1987)

DENSITY
grain number prn'

Z
T
e
o

vacuoles cell wall  eytoplasm
b c d

Fig. 7. Relative silver grain delmr-, {grain number pm ~ %) over cross
sectioned sporidia of Ustilago aveane (a), over the vacuoles (#),
the cell walls (¢) and the wlupl.hm:m Triadimenol sensitive spori-
dia {open cofummns) arc compared with a fungicide resistant strain
(hatched colwmms), The standard deviations are marked as ruled
lines



RESISTENCIA AOS EBIS

Mecanismos

 Efluxo do fungicida (dependente de energia)

» Efluxo do fungicida e acumulo em vacuolos

» Afinidade da parede ao fungicida (reducao no ingresso)
 Detoxificacéo

« Mutacao ou superexpressao de CYP
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TRIADIMEFON {ug/ml)
B=1518 b=151a¢1 c=151ar2 d=15lar’3

Fig. 1. Vitality of protoplasts from sensitive (1515)
and resistant (151arii, i3iariZ, 151ari3) U. maydis
strains after 2, 4, and 6 hr of regeneration in liquid
culture at different triadimefon concenirations. Mean
values and standard deviation (n = 3).

741518
[_11s1ar/1

TRIADIMEFON (ugig dry weight)

2.5 5 10
TRIADIMEFON (ug/ml)

FiG. 2. Triadimefon content of speridia of a sensi-
tive (1515) and a resistant U. mavdis strain (151ar/l)
after 4 hr of incubation at different fungicide concen-
trations. Sporidial age 12 hr. Mean values and stan-

dard deviation (n = J).

Wellmann & Schauz (1993 )Pesticide Biochemistry and Physiology 46:55-64



RESISTENCIA AOS EBIS

Mecanismos

 Efluxo do fungicida (dependente de energia)

 Efluxo do fungicida e acumulo em vacuolos

» Afinidade da parede ao fungicida (reducao no ingresso)
* Detoxificacéo

 Mutacao ou superexpressao de CYP
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Resisténcia de Monilinia fructicola a DMI por superexpressao de CYP

Expresséao do gene MfCYP51 avaliada por mRNA
Relative Propiconazole MECYPSI <+ No point mutations Ieading to an amino acid

Isolate srowth (%18 sensitivity
growth (%) phgn[‘.l\-‘pgh Untreated

Propiconazole
treated

change were found in the MfCYP51 gene.

Mean ; Mean sD

11.2 10.8 14 + Analysis of the upstream nucleotide

13 gf i'-‘; sequence of the MfCYP51 gene revealed a
' ' 75 0.9 unique 65-bp repetitive element at base pair

10.0 0.7 position 117 in DMI-R isolates but not in DMI-

0 o S isolates. This repetitive element contained

1.9 0.4 a putative promoter and was named Mona.
1.8 0.3
1.8 0.0
1.6 0.5
0.9 04

oo

= =W
I

SC99A3
SC99A4
Kac-18

R
R
R
R
R
R
S
S
S
S
S
S

> P2 < i
CTTTTTACACACCGCTCTTTTAGTTATATATACTCCTCCTACTACTCCGTAGTAGGAGCAGAGTAT
Mona in DMI-R isolates

P
1— /) —
MfCYP51 (1680 bp)

FIG. 2. Simplistic model of the upstream region of the MfCYP5! gene in M. fructicola isolates. P1, P2, and P3 indicate promoters 1, 2, and 3,
respectively. A 65-bp repetitive element (Mona) was identified at bp —117 of the MfCYP51 gene in DMI-R isolates.
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