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Major causes of Plant Diseases
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® Al (Erwinia, Xanthomonas, Pseudomonas)

® R (Pythium, Plasmopara, Phytophthora)
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B (Deuteromycetes)

® &l =(free living or root knot)

® J|MAZ (Orobanche...)
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ant Diseases caused by fungi / oomycetes

J

W 0F
<
3
==
(@]
3
0))]
=

00 O Mo

o

Jz

Ho

Ie

T
0|0 <
T

. (Erysiphe, Phytophthora)
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Plant — Diseases, treatment timing
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Infection ‘
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Development within plant
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mass replication

b HAEO =0l 2 of pathogen
disease symptoms
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,0ll Zscouting”: Crop yield &
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When to apply fungicides in the disease cycle

® UHE HE JHU et ool 4 HAHU L2 &=
() S

Preventative Curative erradicative

Bl Highly effective Little or no effect
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Cell wall

- 5 Sterol biosynthesis in membranes
deposition g™ ™ pmis: Triazoles/ Imidazoles
. Amines: Morpholines/Piperidines

CAAs : . .
P mitochondrial respiration
o%e Qols (,,strobilurins®)
® carboxamides
amino acid biosynthesis 0000
Anilinopyrimidines (APS) 000

,Multisites*
e.g. chlorothalonil

I” osmotic signal transduction
dicarboximides
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Ergosterol - -
cell membrane compone

Microtubuli -
Spindie formation,
- Ribosomes intracellular movement
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outer mermbrane

inner membrane

Cytochrome b gene is part
of mitochondrial genome

Cytochrome hc1
target site of Qols
(Azoxystrobin)

mitochondrion

positive
outer side
NADH == NAD*
negative
inner side
; :u:cmate Phosphorylation
ehy rog_ena:e target site of
targSeI; ;:te ° succinate ymm)p fumarate uncouplers
(Bos ca; d TCA cycle Cytochrome bc1 JPLELIE) |
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DMI activity

(Propiconazole, Cyproconazole,

Prochloraz...) .

squalene

lanosterol cycloartenol
ergosterol cholesterol stigmasterol
=IT0| s & L& A2
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Ergosterol - -
cell membrane compone

Golgi - apparatus

' Mitochondria

Nucleus e s

— DETN Microtubuli -
Endoplasmatic reticulum Spindle formation,
- Ribosomes intracellular movement
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Fludioxonil inhibits a protein kinase involved in a regulation step of the metabolism of the

cell. As a result of this inhibition a cascade of events happen as:

 water uptake of the cell is disturbed
« cell membrane transport process are disturbed

- cell wall synthesis is disturbed
« finally this leads to the death of the cell.

The Fungal Cell Pressure
_lhigh

Pressure
>

The Fungal Cell -
*high

« neutral

p » neutral

H,O0 Fludioxonil  Glycerol

H,0 _ Fludioxonil

It ultimately destroys the cell.

14  Classification: INTERNAL USE ONLY



15

=a
S

JIEH A

IR
44% 44% Sy

Ergosterol - :
cell membrane compone

apparatus
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Nucleus Bes

e AN SR Microtubuli -
Endoplasmatic reticulum Spindle formation,
- Ribosomes intracellular movement
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Acibenzolar-S-methyl
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® Nucleic acid synthesis : metalaxyl-M, hymexazole, oxolinic acid

® Mitosis and cell division : benomyl, carbendazim, pencycuron, thiophanate-methyl,
fluopicolide

Respiration : thifluzamide, isopyrazam, azoxystrobin, pyraclostrobin, kresoxim-methyl,
famoxadone, fenamidone, pyrobencarb, cyazopamid

Amino acids and protein synthesis : cyprodinil, streptomycin, kasugamycin
Signal transduction : fludioxonil, iprodione, procymidone,

Lipid and membrane synthesis : isoprothiolane, tolclofos-methyl, etridiazole, propamocarb

Sterol biosynthesis in membranes: DMI(fenarimol, prochloraz, triflumizole, tebuconazole,
propiconazole, ipconazole, cyproconazole, difenoconazole, bitertanol, hexaconazole...),
Amines(spiroxamine..), hydroxyanilides(fenhexamide)...

Cell wall biosynthesis : validamycin, polyoxin, dimethomorph, bethiavalicarb,
mandipropamid...

Melanin synthesis in cell wall : fthalide, tricyclazole, fenoxanil, carpropamid..

Host plant defence induction : acibenzolar-S-methyl, probenazole, tiadinil..

Multi sites : copper, sulphur, thiram, chlorothalonil, dithianon, folpet, mancozeb...

Unknown : cymoxanil, fosetyl-Al, phosphorous acid, cyflufenamid, ethaboxam, teclofthalam...

R —————————————————.
*Bold and underline : Syngenta product registered in turf, Korea Classification: INTERNAL USE ONLY g
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Spectrum comparison
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Azoxy. onil Propiconazole Tebuconazol
e

Fusarium
microdochium nivale

Anthracnose
Colletotrichum gram.

Dollar Spot
Sclerotinia

Take-all Patch

Gaeumannomyces
graminis

Brown Patch
Rhizoctonia

Fairy Rings
Marasmius, Lycoperdon,
Hygrophorus

Leaf spot Drechslera
poae

Turf Quality
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The one systemic strobilurin, Dol ar S pot 1
longest lasting, broadest ;ake A'F') Pta:lch g
spectrum, T&O Fungicide Summer p atch .
providing up to 28 days of Gray Leaf S pot 5
h . Anthracnose 6
outstanding disease control. Pyt hi um -
Snow Mold 8
Leaf Spot 9
Necrotic Ring S pot 10
Fairy Ri 11
I Ay EIng CONFIDENTIAL S
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Pathogens and Fungicide Classes (1)

Downy mildews: Phytophthora, Pythium, Plasmopara,
Pseudoperonospora, Peronospora, Bremia (Oomycetes)

21

Phenylamides (metalaxyl/mefenoxam, benalaxyl)
Qols (azoxystrobin, pyraclostrobin, famoxadone,
fenamidone)

Carboxylic Acid Amides (dimethomorph, |provaI|carb
mandipropamid) EEERR TSI

Cyano-acetamide oxime (cymoxanil)

Dinitroaniline (fluazinam)

Phosphonate (fosetyl-Al)

Carbamate (propamocarb) R ot

Multisites (folpet, mancozeb, propineb, chlorothalonll

copper, ....)
Induced plant defence (acibenzolar-S-methyl)

[ J
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Pathogens and Fungicide Classes (2)

Powdery mildews: Erysiphe, Uncinula, Podosphaera,
Sphaerotheca, ... (Ascomycetes)

DMIs (penconazole, cyproconazole, propiconazole
difenoconazole, tebuconazole, .)

Amines (fenpropidine, fenpropimorph, spiroxamin)

Quinoline (quinoxyfen)

Aminopyrimidines (ethirimol, bupirimate)

Qols (azoxystrobin, picoxystrobin, pyraclostrobin,
kresoxim-methyl)

Multisites (sulphur)

[ J
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Pathogens and Fungicide Classes (3)

Rusts: Puccinia, Uromyces, Phakopsora, Hemileia, ...
(Basidiomycetes)

DMiIs (cyproconazole, propiconazole, tebuconazole
epoxiconazole,....)

Qols (azoxystrobin, pyraclostrobin, trifloxystrobin)
Carboxamides (isopyrazam, penthiopyrad....... )
Multisites (chlorothalonil, mancozeb)

syngenta
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Pathogens and Fungicide Classes (4a)

Fruit rot and moulds: Botrytis (Ascomycetes)

Benzimidazoles & MDPC (carbendazim & diethofencarb)
Dicarboximides (vinclozolin, iprodione)
Anilinopyrimidines (cyprodinil, pyrimethanil)
Phenylpyrroles (fludioxonil, fenpiclonil)

Hydroxyanilide (fenhexamid)

Dinitroaniline (fluazinam)

Carboxamide (boscalid)

[ J
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Pathogens and Fungicide Classes (4b)

Fruit rot and moulds: Venturia (Ascomycetes)

Benzimidazoles (benomyl, carbendazim)
Anilinopyrimidines (cyprodinil, pyrimethanil)
DMIs (difenoconazole, pyrifenox,....)

Qols (Kresoxim-methyl, trifloxystrobin)
Multisites (captan, mancozeb, dodine, ...)

[ J
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Pathogens and Fungicide Classes (5)

Leaf spots: Alternaria, Septoria, Monilinia, Sclerotinia,
Cercospora, Pyrenophora, Rhynchosporlum
(Ascomycetes)

Benzimidazoles (benomyl, carbendazim)
Dicarboximide (vinclozolin)
Phenylpyrrole (fludioxonil)

DMIs (difenoconazole, propiconazole, cyproconazole,
tebuconazole, epoxiconazole, prothioconazole)

Qols (azoxystrobin, kresoxim-methyl, pyraclostrobin)

Anilinopyrimidine (cyprodinil)

Carboxamide (boscalid, penthiopyrad)

Multisites (chlorothalonil)

[ J
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Pathogens and Fungicide Classes (6 / 7)

Soil- and seed-borne: Pseudocercosporella, Phoma,
Fusarium (Ascomycetes), Ustilago, Tilletia, Rhizoctonia

(Basidiomycetes), Pythium, Phytophthora (Oomycetes)

Benzimidazoles (benomyl, thiabendazole): Pho, Fus
Dicarboximide (vinclozolin): Rhi

Phenylpyrrole (fludioxonil): Fus, Rhi

DMIs (prochloraz, ...): Ps, Ust, Til, Rhi

Qols (azoxystrobin, ...): Fus, Rhi, Pyt, Phy
Anilinopyrimidine (cyprodinil): Ps

Phenylamides (metalaxyl/mefenoxam): Pyt, Phy

27
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Pathogens and Bactericide Classes (8)

Bacteria: Pseudomonas, Xanthomonas, Erwinia, ...

Copper products
Acibenzolar-S-methyl (Bion)
Antibiotics (e.g. streptomycin)

[ J
28  Classification: INTERNAL USE ONLY Syngenta




T

MHetd 2o
Resistance management

Classification: INTERNAL USE ONLY



0o

a2 N Uist A=8222 Metd

Key mechanisms:

® H3 : Mutation(s) in the target gene resulting in a change in enzyme pocket
o
o

o
0x 0

2 3} : Overexpression of the target enzyme

&S 0] :The fungicide does not reach the target site in effective concentrations:
=

T

jie
=

=
= = 3} : Metabolic resistance, degradation of compound (rare for fungicides)

= MNEZ2H Z2| = : Efflux of fungicide from cells, e.g. through up-regulation of
transporter genes and ABC pumps

a0 N MM HES FEotM EXBHHA0| 21 WM S A ERSHL.

L O

Funaqicides do not trigger mutations, however, they select for less sensitive individuals
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n=4| |25%R n=38 25%R n=2| |100%R n=4| |100%R

Selection Multiplication Selection Multiplication

Multiple applications of same MoA increase selection

[ J
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Mode of Action of Fungicides
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Fungicide Classes: FRAC Mode of Action groups

A: nucleic acid synthesis:

Phenylamides: metalaxyl, mefenoxam

B: mitosis & cell division: tubulin assembly
MBCs: benomyl, N-Phenylcarbamates; diethofencarb; Benzamides: zoxamide

C: respiration:

Complex Il (SDHIs / Carboxamides: carboxin, boscalid, penthiopyrad,
iIsopyrazam, sedaxane, bixafen, fluopyram...)

Complex Il Qo site (Qols: azoxystrobin, pyraclostrobin ...
Complex Il QI site (Qils: cyazofamid)
Uncoupler (fluazinam)
D: amino acid and protein synthesis:.

methionine biosynthesis (Anilinopyrimidines: cyprodinil)

[ J
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Fungicide Classes: FRAC Mode of Action groups

E: signal transduction

E2: MAP/Histidin kinases, 0s-2 (phenylpyrroles: fludioxonil)
E3: MAP/Histidin kinases, 0s-1 (dicarboximides: iprodione)

F: lipid and membrane synthesis / Cell wall

CAA Fungicides - Carboxylic Acid Amides:
iprovalicarb, dimethomorph, mandipropamid...

G: sterol biosynthesis
G1l: Cl4-demethylase

DMIs: propi-, cypro-, difeno-, epoxi-, tebu-, prothio-conazole; prochloraz...)

G2: A14-reductase, A8/A7-isomerase

,morpholines*: fenpropimorph, fenpropidin, spiroxamine

G3: 3-keto reductase
hydroxyanilides: fenhexamid

[ J
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Fungicide Classes: FRAC Mode of Action groups

H: glucan synthesis (e.g. Polyoxin, glucopyranosyl antibiotic)
I: melanin synthesis (e.g. Pyroquilon, Carpropamid)
M: multi-site contact activity: M1 to M9:
M21/2: copper/sulfur
M3: (dithiocarbamates: mancozeb)
M5: (chloronitriles: chlorothalonil)
P: host plant defence induction
P1: Salicylic acid pathway (acibenzolar-S-methyl)

U: Unknown

cymoxanil, fosetyl-Al, metrafenone ...

[ J
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benzimidazoles h
phenylamides :
Qols ﬁ
dicarboximides 3) 3 6 o)
SDHI‘s m
DMis €
anilinopyrimi- d
dines ! 2 4 6
phenylpyrroles rlrJ1
(2)
copper, sulfur I
dithiocarba - o
mates W 1 2 3
chloronitriles (1)
intrinsic e low (1) medium (2) high (3)
r_eSiStance e seed-borne Rhyncho- apple scab
risk ,_’ | (eg. Ustilago) |sporium Sigatoka
,’ INtrinsic | soil-borne (eg. | Septoria tritici cereal powdery
e disease | Phytophthora), | Alternaria mildew
’ risk cereal eyespot | solani grape Botrytis
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FRAC Guideline : Qols

® HE0| 0= Ot ISAES HatA HE of

0[O

e =SSN AIEE B2 MM M2l 22| 50% IHAl Ml Its
o il AHEE ES &M Ml &+=2 1/3 Mel Its
® 33Kl A X Jis
(&, Gray leaf spotit Il E| S0tS S 0ll Lol Al= 22| DEAl H =S4
® =Nl AtE : ot25,dlERIOl S

&
38  Classification: INTERNAL USE ONLY Syngenta



FRAC Guideline : SBlIs(Sterol Biosynthesis Inhibitors)
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Lower the dose equals selecting for resistance

2nd pass
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4th pass
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Dr. Gabriel Scalliet, Syngenta Crop Protection Switzerland

2° Workshop Internacional de Resistencia a Fungicidas de Accion Botryticida, 3 Octubre 2012
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