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Kartoffelernteertrag

● Ertrag variiert zwischen 12 und 
47 t/ha in Europa

● Weltdurschnitt bei etwa 19 t/ha

● (China: 15 t/ha, bei 100 mio t/y; 
360 mio t/y Welt gesamt)
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B5: 
delocalisation
of spectrin-like

proteins
# 43 benzamides

ferbam

mancozeb

propineb

#M6 sulphamides

C5: uncouplers of oxidative phosphorylation
# 29

C7: ATP production 
(prop.)

# 38 thiophene-
carboxamides

silthiofam

D2: 
protein synthesis

# 23 enopyranuronic acid

D1: methionine biosynthesis 
(cgs gene) (prop.)
# 9 Anilino-Pyrimidines 

( AP fungicides )

D3: 
protein synthesis

# 24 hexopyranosyl antibiotics

E2: Osmotic signal transduction
!MAP / histidine- kinase (os-2, HOG1)

# 12 phenylpyrroles (PP- fungicides)

E1: Signal transduction (mechanism unknown)
#13 azanaphthalenes

fenpiclonil fludioxonil

D4: protein synthesis
# 25 glucopyranosyl 

antibiotics 

kasugamycin

NH

NH

O

NH2

O

OH

OH OH

OH

OH

O

OH

cyprodinil

mepanipyrim

pyrimethanil

F4: cell membrane 
permeability, 

fatty acids (prop.)
# 28 carbamates

I1: reductase in 
melanin biosynthesis
# 16.1 Melanin Biosynthesis

Inhibitors: 
Reductase (MBI-R)

Mode of action of fungicides based on the FRAC fungicide list 
(published at www.frac.info/publications )

The groupings can change when new results become known.
Yellow zones represent accepted mode of action groups or in
cases where resistance is known, cross resistance groups. In
spite of this general classification, cases of incomplete or even
lacking cross resistance are known within some groups with
some pathogens.

Although details presented herein are accurate to our
knowledge at the time of publication, neither FRAC nor its
member companies make any representation or warranty with
regard to the content of this presentation, in particular with
regard to its correctness and completeness. Neither FRAC nor
its member companies assume any liability for the content of
this presentation or its use.

P1: salicylic pathway

acibenzolar-
S-methyl

fthalide

tricyclazole

pyroquilon

C2: inhibition of complex II: 
! succinate-dehydrogenase

# 7 SDHI (Succinate dehydrogenase
inhibitors)

mode of action group

sub-group

! target site of action 
(where known) or putative
target site (=prop.)

FRAC code no. (#) 
and group name

Legend:

thiazole carboxam ides

chemical (sub-) group 

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

P2:

probenazole 
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C6: inhibitors 
of oxidative 

phosphorylation, 
ATP synthase
# 30 organo tins

fentin acetate

fentin chloride

fentin hydroxide

E3: Osmotic signal transduction
!MAP / histidine kinase (os-1, Daf1)

# 2 dicarboximides

P3:

tiadinil

N
H

O

Cl
S

N

N

C4: inhibition of complex III 
! cytochrome bc1(ubiquinone reductase) at Qi site

!# 21 QiI fungicides (Quinone inside Inhibitors)

cyazofamid

N

N

Cl

N
SO

O

N

C1: inhibition of complex I 
NADH Oxido-reductase

# 39 pyrimidinamines pyrazole-MET1

diflumetorim

•Temporary status; information on mode of action and 
/ or resistance risk is still uncertain

D5: protein synthesis
# 41 tetracycline antibiotics 

NH

NN

C2: inhibition of complex II: succinate-dehydrogenase
# 7 SDHI (Succinate DeHydrogenase Inhibitors)

benodanil
fenfuram

flutolanil

mepronil
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N
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S

sulphur
.

Cu
copper 

preparations

thiram

zineb

metiram

chlorothalonil

S

N S
S N

S

#M 3 dithiocarbam ates &  relatives

dichlofluanid

#M 6 sulpham ides

mixture of 
iminoctadine

and other 
polyamines

guazatine

iminoctadine

guanidines

N
H

NH2

NH

N
H

NH

NH2

NH

#M 4 phthalim ides

#M 1/2 inorganics

#M 5 chloronitriles

anilazine

N
H

Cl
N

NN

Cl

Cl

#M 8 triazines
dithianon

#M 9 anthraquinones

N
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S
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S
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3
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S
S

N
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# U12 
dodine

N
H

NH2

NH2
+

O

O

tolylfluanid

N

N

Cl

S

F

Cl S
O

O

captan

captafol

blasticidin-S

streptomycin
(bactericide)

oxytetracycline
(bactericide)

O
OH

OH

NOH

O

OH

OOH

NH2

OH

Chiral

propamocarb

iodocarb

prothiocarb

# U6
cyflufenamid

C3: inhibition of complex III 
cytochrome bc1 (ubiquinol oxidase) at Qo site (cyt b gene)

# 11 QoI fungicides ( Quinone outside Inhibitors )

azoxystrobin

O

N N

O
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O
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picoxystrobin

enoxastrobin

O O

O
Cl

N
O

m ethoxy-
acrylates

pyraclostrobin

fenamidone

im idazolinones

m ethoxy-
carbam ates

orysastrobin

dimoxystrobin

N
O N

H

O

O

oxim ino-
acetam ides

metominostrobin

kresoxim-methyl

oxim ino-
acetates

O

N
O

O

O

trifloxystrobin

G1: C14-demethylase in sterol biosynthesis (erg11/cyp51)
# 3 DMI-fungicides (DeMethylation Inhibitors)

(SBI: Class I)

G2:D14-Reductase and D8®D7-isomerase in sterol
biosynthesis  (erg2, erg 24)

# 5 Amines(“Morpholines”) (SBI: Class II) 

G3:3-Keto reductase
in C4-de-methylation

(erg27)
# 17 (SBI :Class III)

G4: Squalene epoxidase in 
sterol biosynthesis (erg1)

# 18 (SBI class IV)

pyributicarb
(herbicide)

thiocarbam ates

O ONN

S

allylam ines

spiroxamine

N
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O

aldimorph

tridemorph

fenpropidin

N
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spiroketal-
am ines

piperidines

piperalin
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azaconazole
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cyproconazole
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tebuconazole

tetraconazole
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flutriafol
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N
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N
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pyridines

pyrifenox

Cl Cl
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imazalil
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triazolinthione
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prothioconazole

N

N
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FOH

Si

triadimefon

triadimenol

triticonazole
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N O

N
N
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NN
N
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triflumizole

oxpoconazole

N
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NN

O

F F

F

O

N
Cl

NN O

naftifine
(antimycotic)

terbinafine
(antimycotic)fenhexamid

pyridines

G: Sterol Biosynthesis in membranes

C: Respiration

F: Lipid Synthesis and Membrane IntegrityE: Signal TransductionD: Amino Acid and Protein Synthesis

C: Respiration

H:Cell Wall Biosynthesis

I: Melanin Synthesis in Cell Wall

P: Host Plant Defence Induction M: Multi Site Action

# 35
triazoxide # 36

flusulfamide

Cl

Cl

N
H

S
O

O
N
+

O

O
F

F F

# 37
diclomezine

# 34
teclofthalam

# 27
cymoxanil

# 42
methasulfocarb

H3PO3

# 33
phosphorous 

acid

Unknown Mode of Action

C: Respiration

phenyl-
benzam ides

furan
carboxam ides

boscalid

N
H

O

Cl

N

Cl

thifluzamide

S
N

O

N
H

Br

Br

OFF F
F

F

F

thiazole
carboxam ides

pyridine
carboxam ides

oxycarboxin

carboxin

oxathiin
carboxam ides

fluoxastrobin

O

N
O

N
O

O

NN

O
Cl F

dihydro-
dioxazines

oxazolidine-
diones

famoxadone

benzyl-carbam ates

pyribencarb

N

O
N

Cl

NH

O

O

folpet

A1: RNA polymerase I
# 4: PA-fungicides (PhenylAmides) 

A2: adenosin-deaminase
# 8: hydroxy (2-amino)-pyrimidines

bupirimate

O

N
NN

NH

S
O

O

dimethirimol

ethirimol

A4: DNA topoisomerase 
type II (gyrase)

# 31: carboxylic acids

oxolinic acid
(bactericide)

A3: DNA / RNA synthesis (prop.)
# 32: heteroaromatics

octhilinonehymexazole

benalaxyl

metalaxyl-M

metalaxyl

furalaxyl

A: Nucleic Acid Synthesis

acylalanines

oxazolidinonesbutyrolactones

isoxazoles isothiazolones

F3: lipid peroxidation (prop.)
# 14 aromatic hydrocarbons & heteroaromatics

tolclofos-
methyl

etridiazole

biphenyl

chloroneb

O

Cl

Cl

O

O
S

N N

Cl Cl

Cl

Cl
S

O
P

O

O
Cl

tecnazene
(TCNB)

dicloran

quintozene
(PCNB)

isobenzo-furanone

pyrrolo-quinolione

triazolobenzo-thiazole

chlozolinate

procymidone

O ON

ClCl

iprodione
Cl
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N
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O
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vinclozolin
Cl

O N

O
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O

maneb

ziram

H5: cellulose synthase
# 40 Carboxylic Acid Amides

(CAA fungicides)

mandipropamid

dimethomorph

flumorph

iprovalicarb

O

N
H

N
H

O

O

benthiavalicarb

N
H

O

N
H

O

O N

S

F valifenalate

O

O

N
H

O

N
H

O

O

Cl

cinnam ic acid
am ides

valinam ide
carbam ates

m andelic acid
am ides

B1: ! ß-tubulin assembly in mitosis 
# 1: MBC fungicides

(= Methyl Benzimidazole Carbamates)

B2: 
! ß-tubulin assembly 

in mitosis*
# 10 N-phenyl 

carbamates

* negative cross-resistance to B1

B3: 
!ß-tubulin assembly in mitosis

# 22 benzamides and
thiazole carboxamides

B4:
cell division 

(prop.)
# 20 phenylureas

zoxamide

benomyl

carbendazim

fuberidazole

thiophanate

thiophanate-
methyl

thiabendazole

N

O

N
N
H

N
H

O
O
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N
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O
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H
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N
H

S
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O
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thiophanates

pencycuron

diethofencarb

B: Cytoskeleton and motor proteins

ethaboxam

amisulbrom

N

N
SO

O

N

F

Br

S

OO

N

N

F2: phospholipid biosynthesis
!methyltransferase

# 6 phosphorothiolates & dithiolanes

iso-
prothiolane

pyrazophos

iprobenfos

edifenphos

phosphorothiolates

dithiolanes

benzim idazoles

# U8
metrafenone

cyanoacetam ide-
oxim e

ethyl-
phosphonates

phosphorous
acid

phthalam ic
acid

benzotriazines benzene-
sulfonam ides

pyridazinones

thiocarbam ates

phenyl
acetam ides

quinazolinone

pyridinyl-ethyl
benzam ides

pyrazole -4-
carboxam ides

fluopyram

furametpyr

penthiopyrad

bixafen

isopyrazam

sedaxane

etaconazole

meptyl dinocap

F6: microbial disrupters of
pathogen cell membranes

# 44 Microbial (Bacillus sp.)

Bacillus
amyloliquefaciens

(synonym  B. subtilis) 
strains:

Q S T 713
FZB 24

M B I600
D 747

P4:

NC : Not Classified

arylphenyl
ketones

laminarin

Mineral oils, organic oils,
potassium bicarbonate,

material of biological
origin

fluopicolide

benalaxyl-M

ofurace oxadixyl

N

O

NH2N

N
H

NH2O
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# 33
fosetyl-

al

isotianil

pyrametostrobin

pyraoxystrobin

penflufen

C8: inhibition of complex III
! cytochrome bc1(ubiquinone reductase)

at Qo site stigmatellin binding sub site)

# 45 QoSI-fungicide (stigmatellin binding type)

ametoctradin

N

NN

N

NH2

aryloxyquinoline

#M 7 guanidines
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O
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O
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O
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O
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O
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O
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O
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O
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O
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O
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O
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N O

N
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N
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O
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N

N Cl
N O(CH2)

CH3

n = 10 to 13
n = 12: ~ 70%

n

N O(CH2)
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+
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O
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O
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N
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N
H

N
H

S

S
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N
H

N
H

S

S
S

S Mn
2+

N

S

S

2
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2+

N

N

Cl

S

F

Cl S
O

O

benzovindiflupyr

fenaminstrobin

triclopyricarb

mandestrobin

flufenoxystrobin

arom atic hydrocarbons

# U8
pyriofenone

# U13
flutianil

cyano-m ethylene
thiazolidine

pyrisoxazole

dinitrophenyl crotonates2,6-dinitro-aniline

pyrim idinone-
hydrazones

quinoxyfen

Cl

Cl N

O

F

proquinazid

I

N

N

O

O

fluxapyroxad

# U14
ferimzone

N
N

N
H

N

F7: cell membrane 
disruption (prop.)

# 46 plant extract.

M elaleuca alternifolia

(Tea Tree E xtract)

OH

N

N
NH

S

ClCl

im idazoles

sim econazole

benzothiodiazole B TH benzothiazole

thiadiazole carboxam ide
polysaccharide

P5:

R eynoutria
sachalinensis

(G iant K notw eed
E xtract)

plant extract

toluam ide
pyridinylm ethyl-benzam ide

cyano-im idazole sulfam oyl-triazole

1,2,4-thiadiazole

propineb

mancozeb

febram

N
H

N
H

S

S

S

S Zn
2+

N

S

S

3

Fe
3+

chinomethionat

fluoroimide
.

#M 10 quinoxalines

#M 11 m aleim ides

pyrimorph

fenpyrazamine

hydroxyanilides

am ino-pyrazolinones

ethylam ino-thiazole
carboxam ide

Unknown Mode of Action

tolfenpyrad

isofetamid

B acillus sp. and
the fungicidal lipopeptides produced

pyrim idinam ine pyrazole -5-carboxam ide

phenyl-oxo-ethyl
thiophene am ide

coumoxystrobin

m ethoxy-
acetam ides

# U15
oxathiapiprolin

piperidinyl- thiazole
isoxazoline

# U16
tebufloquin

4-quinolyl acetate

OO

O

OO
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O

S
S

O
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O
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N
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O
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O
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O

N

O

N
H

Cl

Cl

Cl

N
H

O

O

Cl

Cl

O

O
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ClCl

N
+O O
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N
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H
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O
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O
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O
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N
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O
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O
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O
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N
H

O

N
H

N
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N
H
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O
OOH

Cl

O
NN

H
Cl

N

N
Cl
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N
+

O

O

N
H
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Cl
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N

N
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N
O

O

O
N
NCl O
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H

O

O

NN
H

O

S

N
H

O

O

I

O O

NH

O

O
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N
H

NH2NH
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O
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O
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SN
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O Cl
Cl

Cl

S
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S
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N

N
Cl Cl

Cl
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N

N

NN

Cl
N
H

O

F

F

Sn

OH

Sn

O
O

Sn

Cl

Cl

N
NH

Cl

N
+
O

O

F

F F

F F
F

N
+
O

O

O

N
S

O O

N O

N

S

N

N

Cl

O

Cl

Cl

Cl
O

S
N

N

O S

O

OF

F

N
H

N

Cl

Cl

N
H

N

S
Si

O

N
H

triazolo-pyrim idylam ine

# U17
picarbutrazox

tetrazolyloxim e

dimethachlone

I2: dehydratase in 
melanin biosynthesis
# 16.2 Melanin Biosynthesis

Inhibitors: 
Dehydratase (MBI-D)

I3: polyketide
synthase in melanin

biosynthesis
# 16.3 Melanin Biosynthesis

Inhibitors: Polyketide
synthase (MBI-P)

fenoxanil

Cl

Cl

O

O

N
H

N

cyclopropane carboxam ide

carpropamid

carboxam ide

Cl
Cl

N

O

Cl

diclocymet

Cl

Cl

N
H

O

N

propionam ide

tolprocarb

trifluoroethyl-carbam ate

B6: 
actin/myosin/

fimbrin function
e.g. in vesicle

trafficking
# 47 cyanoacrylates

phenamacril

am inocyanoacrylates

pydiflumetofen

N -m ethoxy-(penyl-
ethyl)-pyrazole-
carboxam ides

# U18
validamycin

O

OH

OH

OH

O
N
H

OH

OH

OH

OH OH

OH

OH

OH

glucopyranosyl
antibiotic

zinc thiazole

Blad

Polypeptide (lectin)
Extract from cotyledons

of lupine plantlets

#M 12 polypeptide
from  plant extract

H4: chitin synthase 
# 19 Polyoxins

Polyoxin B

N

O OH

NH

NH2

OHN
H

OH

O

OH
NH2

OH

O

O

O
O

O
OH

peptidyl pyrim idine nucleoside
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Physikalisch-Chemische Eigenschaften von Phytophthora-
Fungiziden

● Die physikalisch-chemischen Eigenschaften bestimmen die wirkweise der Fungizide
● Formulierung moduliert diese Eigenschaften

Lö
sl

ic
hk

ei
t

logP

«systemisch»
Metalaxyl-M

Benalaxyl-M
Flumorph

Oxadixyl

Furalaxyl
Cymoxanil

Propamocarb

Chlorothalonil

Oxythiopiprolin

Zoxamid Ametoctradin

Famoxadone

Fluazinam

Benthiavalicarb

FluopicolideAzoxystrobin

Amisulbrom
Valifenalate

Dimethomorph
Iprovalicarb

Cyflufenamid
Mandipropamid

FenamidoneFolpet

Mancozeb
Cyazofamid
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euroblight.net Liste der Fungizide
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Mögliches Behandlungsprogramm

● Metalaxyl-M, Mancozeb, Mandipropamid, Cymoxanil, Chlorothalonil, 
Fluazinam
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Situation 2016

Primär Inokulum:
-Outgrade piles; tas de dechets
-Infiziert Knollen
-Oosporen
-Durchwuchs
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Krankheitsverlauf für Phytophthora infestans in vergangen Jahren
«whole Europe» «South Germany + North Switzerland»

«North Germany» Data from Syngenta trials
Average max severity in control plots
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Examples for altered geographical distribution of plant pathogens

Ghini et al 2012, Research approaches, adaptation strategies, and knowledge gaps concerning the 
impacts of climate change on plant diseases, Trop. plant pathol. vol.37 no.1 Brasília Jan./Feb. 2012
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Parasitic Fitness and Temperature Response of new lineages of Phytophthora infestans from Peru (Andrade et al., 1997/98, CIP Program 
Report, pp. 77-82)

Temperature

Entwicklung der mittleren Sommertemperatur in 
Zürich

Zunahme der mittleren Sommer-Temperatur 
um ca. 1 OC pro 20 Jahre (1985 - 2005)
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Population Dynamik

2013 2015

Others: hauptsächlich PA sensitiv

EU_13_A2: hauptsächlich PAresistent 

EU_33_A2: Fluazinam resistent

EU_6_A1: PA sensitiv

http://www.fwi.co.uk/academy/lesson/potatoes-understanding-blight1Euroblight.net
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Fungizidresistenz-Evolution

● Mefenoxam:

● Uncouplers: Fluazinam (zeitlich und örtlicher eingeschränkte Resistenz beobachtet)

● Mandipropamid:
● QoI
● QiI Cyazofamid
● Cymoxanil
● Zoxamid
● QoIS

Field resistance evolution
Sensitive and Intermediate (green) are 

considered field sensitive at reccomended dose

Phytophthora 2007
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Unbehandelt Amphore Flex/ 
Amphore Flex

Revus Top/ 
Revus Top

Revus MZ/ 
Revus MZ

Amphore Flex+ 
Mapro/ Revus 

MZ*/ Revus Top

Revus Mz+ 
Mapro/ Amphore 
Flex*/ Revus Top

Infinito/ Infinito Amphore Flex+ 
Mapro/Amphore 

Flex+ Mapro

%
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Krautfäule “abstoppen” 22.6. 27.6. 1.7.

Versuch Dielsdorf, Behandlungen: 22.6./*24.6./28.6.

Auswertungen: 22.6./27.6./1.7. 
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Interaktion von Fungizid und Sortentoleranz

● Verzögert Epidemie 
● Funigizidterminierung besser; gesamthaft besser Schutz
● Führt zu verlangsamter Fungizideresistenz und Durchbruch der Wirtsresistenz
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Carolan K, Helps JC, Paveley ND, van den Bosch F, Cultivar resistance can help extend the effective life of fungicides.. In: 
Deising HB; Fraaije B; Mehl A; Oerke EC; Sierotzki H; Stammler G (Eds), "Modern Fungicides and Antifungal Compounds", 
Vol. VIII, pp. 1-xxx. © 2016 Deutsche Phytomedizinische Gesellschaft, Braunschweig, ISBN: 978-3-941261-xx-x; URN 
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Innovationsüberblick



21

Forschungsprozess

Lawn & Garden 
Controls Profiling
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Development of a Crop Protection Product (approximative)

Year Cost (mUSD)

Chemistry
Active ingredient

Formulation

Biology
Discovery / Profiling

Development and 
Registration

Toxicology
Mammal

Environment

Environment
Metabolism

Residues

Compounds 100’000 5’000 30 1 - 3 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9

Source: CropLife International, adapted

Production
Pilot production

Process development

Formulation & Packaging

Global Field Trials Optimisation

Scientific Support

Synthesis

Lab & Greenhouse

Acute, sub-chronic, chronic, mutagenic, carcinogenic, teratogenic, reproduction

Synthesis optimisation

Field validation

Plants, animals, soil, water, air

Algae, Daphnia, fish, bird, micro-organisms, bees, 
beneficials, non-target organisms

Plants, animals, soil, water, air

Der lange Weg von einer Substanz zu einem Produkt

~ 80

~ 90

~ 70 

~ 240
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Forschungscampus Stein

Seed Care 
Institute

Chemistry

L&G  and 
Site Mgmt

Biology

Technology Park
Interaction and 
Conference Center

Field Trials EU

Broomrape 
Research Center
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Was kommt als nächstes
● Erhalten der bekannten Fungizide

● OXTP: neuer Wirkmechanismus (Syngenta: Orondis)

● und weitere «Oomycetide»

● Sortentoleranz

● Diagnostik und Modelle zur frühzeitigen Eingreifen in Phytophtora 
Jahren

● Vorhersagen zur integrierten Verwendung von Sortentoleranz und 
Fungiziden

● Integration von biologischen Wirkmitteln und neuen Technologien



Helge Sierotzki, Joel Meier, Stefano Torriani
Syngenta Crop Protection

Fungizide zur Kraut und 
Knollenbekämpfung


