
B5: 
delocalisation
of spectrin-like

proteins
# 43 acylpicolides

B5: 
delocalisation
of spectrin-like

proteins
# 43 acylpicolides

ferbamferbam

mancozebmancozeb

propinebpropineb

C5: uncouplers of 
oxidative 

phosphorylation
# 29

C5: uncouplers of 
oxidative 

phosphorylation
# 29

C7: ATP production 
(prop.)

# 38 thiophene-

carboxamides

C7: ATP production 
(prop.)

# 38 thiophene-

carboxamides

silthiofamsilthiofam

S
Si

O

N
H

D2: 
protein synthesis

# 23 enopyranuronic acid

D2: 
protein synthesis

# 23 enopyranuronic acid

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

( AP fungicides )

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

( AP fungicides )

D3: 
protein synthesis

# 24 hexopyranosyl antibiotics

D3: 
protein synthesis

# 24 hexopyranosyl antibiotics

E2: Osmotic signal transduction

>>>>MAP / histidine- kinase (os-2, HOG1)
# 12 phenylpyrroles (PP- fungicides)

E2: Osmotic signal transduction

>>>>MAP / histidine- kinase (os-2, HOG1)
# 12 phenylpyrroles (PP- fungicides)

E1: Signal transduction (mechanism unknown)

#13 azanaphthalenes

E1: Signal transduction (mechanism unknown)

#13 azanaphthalenes

quinoxyfenquinoxyfen

Cl

Cl N

O

F

fenpiclonilfenpiclonil

Cl

Cl

N
H

N

fludioxonilfludioxonil

O

OF

F

N
H

N

D4: protein synthesis
# 25 glucopyranosyl

antibiotics 

D4: protein synthesis
# 25 glucopyranosyl

antibiotics 

kasugamycinkasugamycin

NH

NH

O

NH
2

O

OH

OH OH

OH

OH

O

OH

cyprodinilcyprodinil

mepanipyrimmepanipyrim

pyrimethanilpyrimethanil

F4: cell membrane 
permeability, 

fatty acids (prop.)
# 28 carbamates

F4: cell membrane 
permeability, 

fatty acids (prop.)
# 28 carbamates

I1: >>>> reductase in melanin biosynthesis
# 16.1 Melanin Biosynthesis Inhibitors (MBI-R)

I1: >>>> reductase in melanin biosynthesis
# 16.1 Melanin Biosynthesis Inhibitors (MBI-R)

I2: >>>> dehydratase in melanin biosynthesis
# 16.2 Melanin Biosynthesis Inhibitors (MBI-D)

I2: >>>> dehydratase in melanin biosynthesis
# 16.2 Melanin Biosynthesis Inhibitors (MBI-D)

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
# P: host defence induction

P1: salicylic pathway
# P: host defence induction

acibenzolar-

S-methyl

acibenzolar-

S-methyl

S

N

N

O S

H4: chitin synthesis
>>>> chitin synthase

# 19 polyoxins

H4: chitin synthesis
>>>> chitin synthase

# 19 polyoxins

polyoxin B   polyoxin B   

N

O
OH

NH

NH2

OHN
H

OH

O

OH
NH2

OH

O

O

O

O

O
OH

H3: trehalase and
inositol biosynthesis

# 26 glucopyranosyl antibiotic

validamycinvalidamycin
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N
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OH

OH

OH

OH
OH

OH

OH

OH

fthalidefthalide

Cl

O

Cl

Cl

Cl

O

tricyclazoletricyclazole

N

S

N

N

pyroquilonpyroquilon

N O

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 carboxamides

chemical (sub-) group 

Mode of Action of Fungicides
FRAC classification on mode of action 2010 (www.frac.info)

P2:
# P: host defence induction

P2:
# P: host defence induction

probenazole probenazole 

O

N

S

O
O

FRAC Mode of Action Poster ©

March 2010

fluazinamfluazinam

Cl

N
NH

Cl

N
+

O

O

F

F F

F F

F

N
+

O

O

binapacrylbinapacryl

N
+

O

O

N
+

O O

O

O

ferimzoneferimzone

N
N

N
H

N

C6: inhibitors 
of oxidative 

phosphorylation, 
ATP synthase
# 30 organo tins

C6: inhibitors 
of oxidative 

phosphorylation, 
ATP synthase
# 30 organo tins

fentin acetatefentin acetate

fentin chloridefentin chloride

fentin hydroxidefentin hydroxide

Sn

OH

Sn

O
O

Sn

Cl

E3: Osmotic signal transduction

>>>>MAP / histidine kinase (os-1, Daf1)
# 2 dicarboximides

E3: Osmotic signal transduction

>>>>MAP / histidine kinase (os-1, Daf1)
# 2 dicarboximides

P3:
# P: host defence induction

P3:
# P: host defence induction

tiadiniltiadinil

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)

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

># 21 QiI fungicides (Quinone inside Inhibitors)

cyazofamidcyazofamid

N

N

Cl

N

S
O

O

N

C1: inhibition of complex I 
NADH Oxido-reductase

# 39 pyrimidinamines

C1: inhibition of complex I 
NADH Oxido-reductase

# 39 pyrimidinamines

diflumetorimdiflumetorim

NN

Cl

N
H

O

F

F

•Temporary status; information on mode of action and 

•/ or resistance risk is still uncertain

D5: protein synthesis
# 41 tetracycline antibiotics 

D5: protein synthesis
# 41 tetracycline antibiotics 

NH

NN

C2: inhibition of complex II: 
>>>> succinate-dehydrogenase

# 7 SDHI (Succinate DeHydrogenase Inhibitors)

C2: inhibition of complex II: 
>>>> succinate-dehydrogenase

# 7 SDHI (Succinate DeHydrogenase Inhibitors)

benodanilbenodanil

fenfuramfenfuram

flutolanil

mepronil

O

N
H

I

N
HO

O

O

O

N
H

FF

F

O

N
H

O

S

sulphur

.

S

sulphur

.

Cu

copper 

preparations

Cu

copper 

preparations

thiram

zineb

metiram

chlorothalonilchlorothalonil

Cl Cl

Cl

Cl

N

N

S

N S
S N

S

#M3 dithiocarbamates & relatives

dichlofluaniddichlofluanid

#M6 sulphamides

mixture of 

iminoctadine

and other 

polyamines

guazatine

mixture of 

iminoctadine

and other 

polyamines

guazatine

iminoctadineiminoctadine

guanidines

N
H

NH
2

NH

N
H

NH

NH2

NH

#M4 phthalimides

#M1/2 inorganics

#M5 chloronitriles

anilazineanilazine

N
H

Cl

N

NN

Cl

Cl

#M8 triazines

dithianondithianon
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O

S

O
N

N

#M9 anthraquinones
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H

S
S

N
H

S
S

Zn (NH
3
)-

3

N
H

S
S

N
H S

S

x

 

# U12 dodine# U12 dodine

N
H

NH
2

NH
2

+

O

O

tolylfluanidtolylfluanid

N

N

Cl

S

F

Cl
S

O

O

captancaptan
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O

O
Cl

Cl

Cl

captafolcaptafol

SN

O

O
Cl

Cl

Cl

Cl

blasticidin-Sblasticidin-S

streptomycin
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streptomycin
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O
O
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O

O
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OH

OH

OH

OH

OH

OH
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H

NH
2

NH
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2

O

OH

oxytetracycline

(bactericide)

oxytetracycline

(bactericide)

O
OH

OH

NOH

O

OH

OOH

NH
2

OH

Chiral

fenoxanilfenoxanil

Cl

Cl

O

O

N
H

N

diclocymetdiclocymet

Cl

Cl

N
H

O

N

propamocarbpropamocarb

NN
H

O

O

iodocarbiodocarb

prothiocarbprothiocarb

NN
H

O

S

N
H

O

O

I

# U6

cyflufenamid

# U6

cyflufenamid

NH

N

F

O

FF
F

F

O

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

# 11 QoI fungicides ( Quinone outside Inhibitors )

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

# 11 QoI fungicides ( Quinone outside Inhibitors )

azoxystrobinazoxystrobin
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picoxystrobinpicoxystrobin

enestroburinenestroburin

O O

O

Cl
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methoxy-

acrylates

pyraclostrobinpyraclostrobin
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O

O

O
N

N
Cl

O

fenamidonefenamidone

N

NS O

NH

imidazolinones

methoxy-

carbamates

orysastrobinorysastrobin

dimoxystrobindimoxystrobin

N
O N

H

O

O

oximino-

acetamides

metomino-

strobin

metomino-

strobin

kresoxim-

methyl

kresoxim-

methyl

oximino-

acetates

O

N
O

O

O

trifloxystrobintrifloxystrobin

G1: Sterol Biosynthesis Inhibitor (SBI) class I: DMI fungicides 
>>>>C14 demethylase (erg11/cyp51)

# 3 DeMethylation Inhibitors (=DMI fungicides)

G1: Sterol Biosynthesis Inhibitor (SBI) class I: DMI fungicides 
>>>>C14 demethylase (erg11/cyp51)

# 3 DeMethylation Inhibitors (=DMI fungicides)

G2: SBI class II: Amines

>>>> ∆∆∆∆14-reductase (erg24) and ∆∆∆∆8→→→→ ∆∆∆∆7-isomerase (erg2)
# 5 amines

G2: SBI class II: Amines

>>>> ∆∆∆∆14-reductase (erg24) and ∆∆∆∆8→→→→ ∆∆∆∆7-isomerase (erg2)
# 5 amines

G3: SBI class III:
hydroxyanilides
>3-keto reductase

in C4-demethylation
# 17 hydroxyanilides

G3: SBI class III:
hydroxyanilides
>3-keto reductase

in C4-demethylation
# 17 hydroxyanilides

G4: SBI class IV:
>>>> squalene epoxidase

# 18

G4: SBI class IV:
>>>> squalene epoxidase

# 18

pyributicarb

(herbicide)

pyributicarb

(herbicide)
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G: Sterol Biosynthesis in membranes

C: Respiration

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

C: Respiration

H: Glucan Synthesis I: Melanin Synthesis in Cell Wall P: Host Defence Inducer M: Multi Site Action
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methasulfocarb
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# 33

phosphorous 
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H3PO3

# 33

phosphorous 
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Unknown Mode of Action

C: Respiration

phenyl-

benzamides

furan
carboxamides

boscalidboscalid

N
H

O

Cl

N

Cl

thifluzamidethifluzamide

S

N

O

N
H

Br

Br

OF
F

F

F

F

F

thiazole
carboxamides

pyridine

carboxamides
oxycarboxinoxycarboxin

O

S O

O

N
H

O

carboxincarboxin

O

S

N
H

O

oxathiin

carboxamides

fluoxastrobinfluoxastrobin

O

N
O

N
O

O

NN

O

Cl F

dihydro-
dioxazines

oxazolidine-
diones

famoxadonefamoxadone

O
O

NO O

NH

benzylcarbamates

pyribencarbpyribencarb

N

O
N

Cl

NH

O

O

folpetfolpet

O

SN

O

Cl

Cl

Cl

A1: RNA synthesis
>>>> RNA polymerase I

# 4: PA-fungicides (PhenylAmides) 

A1: RNA synthesis
>>>> RNA polymerase I

# 4: PA-fungicides (PhenylAmides) 

A2: purine metabolism
>>>> adenosin-deaminase

# 8: hydroxy (2-amino)-pyrimidines

A2: purine metabolism
>>>> adenosin-deaminase

# 8: hydroxy (2-amino)-pyrimidines
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A4: DNA supercoiling
>>>> DNA topoisomerase type II (gyrase)

# 31: carboxylic acids

A4: DNA supercoiling
>>>> DNA topoisomerase type II (gyrase)

# 31: carboxylic acids
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oxolinic acid
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A3: DNA / RNA synthesis (prop.)
# 32: heteroaromatics

A3: DNA / RNA synthesis (prop.)
# 32: heteroaromatics
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A: Nucleic Acid Synthesis

acylalanines

oxazolidinonesbutyrolactones

isoxazoles isothiazolones

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

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

tolclofos-

methyl

tolclofos-

methyl

etridiazoleetridiazole

biphenylbiphenyl

chloronebchloroneb

O

Cl

Cl

O

O

S

N N

Cl Cl

Cl

Cl
S

O
P

O

O
Cl

thiadiazoles

tecnazene
(TCNB)

tecnazene
(TCNB)

diclorandicloran

quintozene

(PCNB)

quintozene

(PCNB)

NH
2

ClCl

N
+O O

Cl Cl

Cl

ClCl

N
+O O

Cl Cl

ClCl

N
+O O

nitrobenzenes

benzenes

thiophosphate

isobenzofuranone pyrroloquinolione triazolobenzothiazole

cyclopropane
carboxamide carboxamide propionamide

chlozolinatechlozolinate

procymidoneprocymidone

O ON

ClCl

iprodioneiprodione

Cl

O
N

N

Cl

O

O

NH

Cl

O

O

N

O

Cl

O

O

vinclozolinvinclozolin

Cl

O
N

O

Cl

O

manebmaneb

ziramziram

F5: phospholipid biosynthesis and 
cell wall deposition (prop.)

# 40 Carboxylic Acid Amides

(CAA fungicides)

F5: phospholipid biosynthesis and 
cell wall deposition (prop.)

# 40 Carboxylic Acid Amides

(CAA fungicides)
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B1: >>>> ß-tubulin assembly in mitosis 
# 1: MBC fungicides (= Methyl Benzimidazole Carbamates)

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

B2: 
>>>> ß-tubulin
assembly 
in mitosis*
# 10 N-phenyl 

carbamates

* negative cross-resistance to B1

B3: 
>ß-tubulin
assembly 
in mitosis

# 22 toluamides

B3: 
>ß-tubulin
assembly 
in mitosis

# 22 toluamides

B4:
cell division (prop.)

# 20 phenylureas

B4:
cell division (prop.)

# 20 phenylureas
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B: Mitosis and Cell Division
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F2: phospholipid biosynthesis
>>>> methyltransferase

# 6 phosphorothiolates & dithiolanes

F2: phospholipid biosynthesis
>>>> methyltransferase

# 6 phosphorothiolates & dithiolanes

iso-

prothiolane

iso-

prothiolane

O

S

S

O

O

O

pyrazophospyrazophos

iprobenfosiprobenfos

edifenphosedifenphos

O

S

S

O

P

S

O
O

O

P

NO

N

N

O

O
O

P
S

O

phosphorothiolates

dithiolanes

benzimidazoles

# U8

metrafenone
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meptyl dinocapmeptyl dinocapmeptyl dinocap

F6: microbial 
disrupters of

pathogen cell 
membranes
# 44 Bacillus sp.

F6: microbial 
disrupters of

pathogen cell 
membranes
# 44 Bacillus sp.

Bacillus subtilis

Strain QST 713

P4: (proposed)
# P: host defence induction

P4: (proposed)
# P: host defence induction

NC : Not Classified

benzophenone
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Mineral oils, organic oils,

potassium bicarbonate,
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# 33
fosetyl-al
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