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Pathogen evolution

Any control measure will select in favour of strains that can overcome control
BUT

Not all control measures are at equal risk

How complex an evolutionary step is needed?

How much genetic variation is present?

How strong is the selection?

Control Measure           

Pathogen

Management



How complex an evolutionary step is needed?

Solo, single-site fungicides

Mixture of single-site fungicides

Multi-site fungicides

Solo, major gene resistance

Stacked major gene resistance

Stacked including quantitative 
resistance

Non-host crops
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How much genetic variation is present?

Figure from The encyclopaedia of cereal diseases, AHDB 2020



How strong is the selection?

Rely less heavily on any single 
control measure:

• Use less of that measure

• Combine with more other 
measures



Resistance risk assessment

High risk control measure

+ high risk pathogen 

= high importance of reducing  
agronomic risk

= stricter risk management needed

e.g. high risk fungicides to be used 
only in mixtures, only one spray per 
season

Table from the Pathogen Risk List, FRAC 2019



Predicting resistance in the lab

UV 
mutagenesis

Replicate populations

Increasing 
fungicide 

concentrations

Subculture from highest 
fungicide dose with 

sufficient fungal growthAdd 
fungicide

Grow for 
one week

Test fungicide 
sensitivity

Genetic analysis of 
mutations

Repeat for 6 weeks



Monitoring resistance in the field



Monitoring resistance in the field



Monitoring resistance in the field
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Monitoring resistance in the field
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Monitoring resistance in the field
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Monitoring resistance in the field
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Summary
• Azoles: Continuing slide in sensitivity but not big jumps in resistance
• Partial cross-resistance between prothioconazole and 

mefentrifluconazole
• SDHIs: Mostly medium-sensitivity isolates but a few more resistant 

mutations which we need to keep monitoring
• New SDHIs in the pipeline: some cross-resistance but more active 

overall
• QiIs: No resistance yet but considered high risk
• Our research into resistance evolution in the lab could improve 

resistance risk assessments for future products



Further information

ahdb.org.uk

www.frac.info
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