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Table 1 Timeline of fungicide resistance in crop diseases: some examples

Time to resistance

Date Fungicide class (approx. yrs) Disease example References

1960 Aromatic hydrocarbons 20 Citrus storage rots Penicillium spp Eckert (1982)

1964 Organomercury 40 Cereal leat spot Pyrenophora spp Noble et al. (1966)

1969 Dodine (Guanidine) 10 Apple scab Venturia inaequalis Szkolnik and Gilpatri

(1973)

1970 Benzimidazoles (MBCs) 2 Many pathogens Dekker (1976)

1971 2-Aminopyrimidines 2 Powdery mildews Brent (1982)

1980 Phenylamides 2 Potato late blight, grape downy Staub (1994)

mildew

1982 Demethylation 7 Cereal powdery mildew and other De Waard et al. (1994)
inhibitors (DMIs) diseases

1998 Quinone outside 2 Cereal powdery mildew Chin et al. (2001)
inhibitors (Qols)

2007 Succinate 4—5 Alternaria alternata (nuts), early Avenot and Michailides

dehydrogenase
inhibitors

blight of potato (Alternaria solani)

(2007) and Miles,
Miles, Fairchild, and

Wharton (2014)

Adapted from Hewitt (1998) and Brent (2012).
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MOA FRAC | Pathogen Common name | Crop Reference Remarks
Code Group
Code

A NUCLEIC ACIDS METABOLISM

Al 4 PA Fungicides (PhenvlAmides). RNA polyvmerase 1

Bremia lactucae Downy mildew | Lettuce Crute ef al. 1987,
Crute & Harrison field, genetics

Peronospora hyoscyami (syn. P | Blue mold Tobacco Bruck et al. 1982 field
tabacina)
Peronospora tabacina Blue mold Tobacco Bruck ef al. 1981 field
Peronospora viciae Downy mildew | Pea Falloon ef al. 2000 | field
Phytophthora cactorum Crown rot / Strawberry Bal et al. 1987 field
leather rot
American ginseng Hill & Hausbeck field
2008
Phytophthora capsici Stem rot Lima bean pods Davey et al. 2008 field
Phytophthora cinnamomi Root rot Avocado Darvas & Becker field
1984
Phytophthora cifricola Rot / die back Joseph & Coffey in-vifro mutation
1984
Phytophthora cifrophthora Collar rot / foot Serrhimi ef al. 1985 | in-vifro

rots
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B CYTOSKELETON AND MOTOR PROTEINS

Bl 1 MBC fungicides (Methvl Benzimidazole Carbamates), p-tubulin assembly in mitosis

Pathogen Common name Reference Remarks

Elad et al. 1988 cross resistance to
phenylcarbamates,
Borrytis cinerea Grey mould Lisianthus Elad et al. 2008
Botryvodiplodia theobromae Botryodiplodia | Fruuts (Mango) Spalding 1982 Lahm'al r
rot Hu ef al. 2013 Field [
Botrytis allii Neck rot Cnion Viljanen-Rollinson | Freld y I
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Botryiis cinerea Chocolate spot | Beans Harrison J G 1984 field
Bortrytis cinerea Grey rot Grapes / Vines Ehrenhardt ef al. field

1973 Leroux ef al.
19382
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PATHOGEN FACTOR FUNGICIDE FACTOR
Fungi that cause disease can carry some natural resistance to fungicides. If the same fungicide mode of action (MOA) is continually used in
Applying a fungicide does not cause the resistance to develop, each application, the resistant fungi will eventually be more abundant
but selects for resistant fungi in the population. and can cause that fungicide MOA to be less effective.
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Parameter Estimates Inverse Prediction

Wald Prob = .
Predicted Values

Parameter Estimate S5td Error ChiSquare ChiSquare Lower 95% Upper953%

Growth Rate 34.087023 41248635  71.04404 <.0007*  26,902439  43.071607 Specified Predicted

Inflection Point 0.0766568 0.0055860 188.26158 <0007*  0,0657067 0.0876060 % reduction [C] Std Error Lower 95% Upper 95%

Asymptote 99.87999 3.1035701 1035.0008 <0007% 93797111 105.96288 50.00000 0.0767255 0.0050748 0.0667791 0.0866720
A 150

100
|« Predicted EDs0 = 0.08%
E £ * 95% Cl =0.06 —0.09%
3 5 50 ®
* 2
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N2 NIT'NAY NIN'D 7X'YIVI9 NI7YA NIMUVS QNN DX VT
it Table 1: Plant pathogens accepted as showing a hugh nsk of development of resistance to fimgicides
(adapted from EPPO 2002, FRAC Monograph No. 3, Russell, 2003). Yellow marking indicates
pathogens, which were added to this update of the Pathogen Risk List m 2019.

Pathogen Crop Disease

Altarnaria altermmaia Varnous brown leaf spot

Booynis allii Onions neck rot

Bomytis cinerea vanous, especially grapevine | erev mold

Botrynis elliptica hlly leaf blight

Bomytis squamosa onions leaf blight

Blumeria eraminis wheat barley powdery nuldew

Corynespora cassiicola sovbean. varous target spot

Dydimella bryoniae cucurbits, vanous fnut rot

Plasmopara viticola grapevine downv muldew

Pseudoperonospora cubensis cucurbits, vanous downy muldews
seudocercospora (Mycosphaerella) fijiensis| banana black sigatoka

Pyricularia oryzae nce, turf nice blast. leaf spot

Ramulania collo-cygni barley Ramulana leaf spot

Sphaerotheca fuliginea, Podosphaera xanthii| cucurbits, vanous powdery nuldews
Venturia inaequalis apple Scab. blqck Y gt drac.info/
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Table 1 Estimates of the inherent risk of resistance attached to different
chemical classes of fungicides. The actual risk during commercial use may
differ, depending on the target disease, its intensity, and the regime of use.

Relative Resistance risk* Chemical Class
(some are represented by a single compound)

High Benzimidazoles, dicarboximides, phenylamides
strobilurin analogues (e.g methoxyacrylates,
oximino acetates)

Moderate 2-Amino-pyrimidines, amines (including
morpholines), anilinopyrimidines, aromatic
hydrocarbons, azoles, carboxanilides, carboxylic acid
amides, carpropamid, cymoxanil, fenhexamid,
kasugamycin, phenylpyrroles, phosphorothiolates,
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Chlorothalonil 10'7/0M 720 :7'oN

Low

Chlorothalonil, c¢ppers,_di

OSetyI-AL pyroquilon, phthalimides,
probenazole, sulphurs, tricyclazole.

*High: widespread and severe decrease of effectieness due to resistance
development occurred in one or more target pathogens, in certain regions, within a
few years of introduction.

Medium: decrease of effectiveness detected in a few situations, or to a limited
extent, and/or resistant isolates obtained from field samples of target pathogens.
Low: decrease in effectiveness or occurrence of resistant isolates not detected or
very rare after many vears of use.
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Figure 1: Combined resistance nisk diagram based on mherent fungicide nsk and mherent pathogen
nsk (* only most important classes and groups mentioned) (according to FEAC Monograph No. 2,
by E_J. Brent and D.'W. Hellomon 2007, ** SDHI fimgicides have been moved from medim to

medium to high risk)
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Figure 2: Combined resistance nsk diagram based on mherent fimgeide nsk, mherent pathogen nsk,
and agronomic nsk (* only most important classes and groups mentioned, ** medium to high nsk)

(modified according to Kuck, 2003)
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