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Questions

• Are there FRAC groups where resistance 

develops more quickly (e.g. 2,3,7, & 9)?

• If we have resistance/decreased efficacy to 

FRAC group 11 or 9, is it ok to include these 

for other diseases? 

• Should we take a year off from using a 

certain FRAC group if the population is 

resistant or shifting towards resistance?

• Is it better to rotate after one spray or two 

sequential sprays?



Questions

• Given resistance to Endura (boscalid), what 

is the risk of cross-resistance to other FRAC 

7 fungicides: Luna Tranquility (fluopyram) 

and Merivon (fluxapyrad)?

• Are lower or higher rates better for resistance 

management? What about mixtures?

• Does it matter what my neighbor is spraying? 

How far will resistant populations move?



Do some FRAC groups where 

develop resistance more quickly?

• Higher risk: single target-site genes & SNPs in 

the binding site that confer resistance

• Final code list: www.frac.info. lists relative risks

• High risk 11 (QoI) & Medium High 2 (iprodione)

and 7 (SDHI) – single mutations

• Medium risk 3 & 9 (DMI & AP) – Multiple or 

Unknown

• Low to medium: 12 (fludioxonil) & 17 

(fenhexamid)

http://www.frac.info/


Do some FRAC groups where 

develop resistance more quickly?

• higher risk: single target-site genes & SNPs in 

the binding site that confer resistance



Do some FRAC groups where 

develop resistance more quickly?

• Medium risk: over expression of  target-site 

genes &  lack of SNPs in the binding site that 

confer resistance



Do some FRAC groups where 

develop resistance more quickly?

• Lower risk: unknown target-site genes & 

potential multiple gene/mutations needed



Questions

• Are there FRAC groups where resistance 

develops more quickly (e.g. 2,3,7, & 9)?

• If we have resistance/decreased efficacy to 

FRAC group 11 or 9, is it ok to include these 

for other diseases? 

• Should we take a year off from using a 

certain FRAC group if the population is 

resistant or shifting towards resistance?

• Is it better to rotate after one spray or two 

sequential sprays?



Resistance to FRAC 11 & 9 is less effective in 

SLB; ok to use for other diseases? 

• Cross-resistance – resistance to multiple 

fungicides that share the same biochemical mode 

of action or target site

• Multiple resistance – biochemical resistance 

development to two or more unrelated fungicide 

classes resulting from sequential selection or multi-

drug resistant mechanism

Black Sigatoka APSnet.org Apple Scab

Gray Mold



Multiple fungicide resistance

Botrytis cinerea on strawberry

• 213 commercial strawberry field 11 Eastern US 

states (2011 to 2104)

• Growers subscribed to fungicide resistance testing 

service & followed resistance management 

recommends over four seasons

• Frequency of MFR isolates increased after 4 

seasons

• Frequency of isolates with resistance to 3 – 7 

classes of fungicides increased 



Selection by Association

Hu, Cox, and Schnabel, Phytopathology 106:1513-1520

Logistic Regression Analysis of 2130 Botrytis isolates from Eastern US
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Selection by Association

Hu, Cox, and Schnabel, Phytopathology 106:1513-1520



Resistance to FRAC 11 & 9 is less effective 

in SLB; ok to use for other diseases? 

• What should we do about Botrytis or SLB?

• Do not use Group 1 (benzimidazoles) & 

minimize Group 11 (QoI) fungicides use (2x)

• Use fenhexamid (Elevate) and group 9 (AP) 

(Scala) sparingly (3x)

• Consider iprodione (Rovral), new group 7 

SDHIs (Secardis over boscalid) & Fludioxonil 

(Switch)



Questions

• Are there FRAC groups where resistance 

develops more quickly (e.g. 2,3,7, & 9)?

• If we have resistance/decreased efficacy to 

FRAC group 11 or 9, is it ok to include these 

for other diseases? 

• Should we take a year off from using a 

certain FRAC group if the population is 

resistant or shifting towards resistance?

• Is it better to rotate after one spray or two 

sequential sprays?



Should we take a year off from a FRAC 

group if it is gone or shifting?

• Single-site fungicide: FRAC Code: U12

– Dodine: guanidines (1957) 

– Activity against certain fungi (e.g. apple scab & 

cherry leaf spot

– Mode of action: Cell disruption (proposed) 

DodineApple Scab Cherry Leafspot



Should we take a year off from a 

FRAC group if it is gone or shifting?

• History of dodine resistance

– Mechanism of resistance (quantitative) unknown

– 1969 reported for apple scab (Venturia 

inaequalis) – widespread in 1970s (12 years)

– 2000 NY and MI – spot checking/still R

2004-2006 2007-2009 2010-2011

Cherry Leafspot



Should we take a year off from a 

FRAC group if it is gone or shifting?

• What about SLB and Group 11 or 9

– Dodine quantitative: slow selection slow 

recovery? 

– Group 9 (APs) Scala – give it 20 years

– QoI’s qualitative – whole population complete 

resistance quickly 

– Group 1 (benzimidazoles) qualitative (point 

mutation). Resistance stable  > 30 years with no 

use w/ apples in Geneva 

– Catch it before whole population resistant



Questions

• Are there FRAC groups where resistance 

develops more quickly (e.g. 2,3,7, & 9)?

• If we have resistance/decreased efficacy to 

FRAC group 11 or 9, is it ok to include these 

for other diseases? 

• Should we take a year off from using a 

certain FRAC group if the population is 

resistant or shifting towards resistance?

• Is it better to rotate after one spray or two 

sequential sprays?



Is it better to rotate after one week or 

after two sequential sprays?

• Changes seem to happen on seasonal or 

multi year time scale

– Rotating every week – may not see differences



Is it better to rotate after one week or 

after two sequential sprays?

• Applications during high disease pressure 

period > greater selection? 

2013 isolates (applications in 2012) 2013 isolates (applications in 2012)

a

b
b

a

b
b



Questions

• Given resistance to Endura (boscalid), what 

is the risk of cross-resistance to other FRAC 

7 fungicides: Luna Tranquility (fluopyram) 

and Merivon (fluxapyrad)?

• Are lower or higher rates better for resistance 

management? What about mixtures?

• Does it matter what my neighbor is spraying? 

How far will resistant populations move?



What is the risk of cross-resistance in FRAC 

group 7 fungicides?

• Cross-resistance – resistance to multiple 

fungicides that share the same biochemical mode 

of action or target site

• Multiple resistance – biochemical resistance 

development to two or more unrelated fungicide 

classes resulting from sequential selection or multi-

drug resistant mechanism

Black Sigatoka APSnet.org Apple Scab

Gray Mold



What is the risk of cross-resistance 

in FRAC group 7 fungicides?

• Common mode of action > cross-resistance is 

assured, but each fungicide > different affinity 

for the target site

• Baseline of group 7 fungicides in V. inaequalis 

> germinating conidia vs mycelium 
– Penthiopyrad EC50: 0.086 vs. 0.66 μg/ml

– Adepidyn EC50: 0.0037 vs. 0.062 μg/ml

– Benzovindiflupyr EC50: 0.002 vs. 0.057 μg/ml

– Fluxapyroxad EC50: 0.028 vs. 0.228 μg/ml

– Fluopyram EC50: 0.176 vs. 2.02 μg/ml



Cross-sensitivity in FRAC group 7 

fungicides?

Exposed isolates have higher RGs than 

baseline > multi-drug efflux pumps (MDEPs)?
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Cross-sensitivity in FRAC group 7 

fungicides?

Exposed isolates have higher RGs than 

baseline > multi-drug efflux pumps (MDEPs)?
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Cross-sensitivity in FRAC group 7 

fungicides?

As insensitivity goes up to one group 7, it is 

mirrored in another 

r2 = 0.7613 P <0.0001 r2 = 0.819 P <0.0001



Questions

• Given resistance to Endura (boscalid), what 

is the risk of cross-resistance to other FRAC 

7 fungicides: Luna Tranquility (fluopyram) 

and Merivon (fluxapyrad)?

• Are lower or higher rates better for resistance 

management? What about mixtures?

• Does it matter what my neighbor is spraying? 

How far will resistant populations move?



Are lower or higher rates and mixtures 

better for resistance management?

• Treatments

–Control (no fungicides) 

–SDHI low dose (Sercadis®: fluxapyroxad 26g 
a.i./A)

–SDHI high dose (Sercadis®: fluxapyroxad 54g 
a.i./A)

–SDHI & single-site (Merivon®: fluxapyroxad 26g 
a.i./A + pyraclostrobin 26g a.i./A)

–SDHI & multi-site (Sercadis®: fluxapyroxad 26g 
a.i./A & Mancozeb 75 - 1kg a.i./A)
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Are lower or higher rates and mixtures 

better for resistance management?

• RG increases between 

2016 & 2017: weather & 

pressure

• SDHIs alone: Dose 

independent?

• Importance of mixing 

w/single vs multi site
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To Do: Repeat for 3rd - 4th year



Questions

• Given resistance to Endura (boscalid), what 

is the risk of cross-resistance to other FRAC 

7 fungicides: Luna Tranquility (fluopyram) 

and Merivon (fluxapyrad)?

• Are lower or higher rates better for resistance 

management? What about mixtures?

• Does it matter what my neighbor is spraying? 

How far will resistant populations move?



Does it matter what my neighbor is 

spraying? 

• Overwinters: infected leaf 
litter

• Infection: ascospores from 
leaf litter

• Secondary spores on infected 
leaves spread infection to 
other leaves

• Spread is local & 
management is site-specific

Pseudothecium of Venturia inaequalis

Acervulis of Venturia inaequalis
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