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Introduction 

 Resistance management strategies should be based 
on evidence 

 

 Example statement: ‘’It is important to use the 
maximum dose permitted on the product label, in 
order to prevent, or at least slow down, the 
development of resistance.’’ 



Are there governing principles? 



Governing principles 
Based on Milgroom & Fry (1988) and Staub & Sozzi (1983) 
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Tactics investigated 



Success of tactics summary 



Adding a mixing partner: 
strategy 1 



Adding a mixing partner – 
further details 



The effect of dose: strategy 2 



The effect of dose – further 
details 



Number of applications:  
strategy 3 



Practical resistance 
management tactics 



Summary 

 Very simple governing principle can explain 
effect of fungicide resistance management 
tactics on selection for resistance in majority 
of cases 

 84% of published cases agree with prediction 

 5% of published cases contradict predictions 

 

 Useful tool to inform decisions about 
fungicide resistance management when there 
is no time to wait for the accumulation of new 
evidence 



Thank you for your attention! 
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Introduction 

 Combining field experiments and modelling 

 Governing principle, qualitative 

 Dynamic models, towards quantitative 

 Guide field research on resistance management 

 Results influence policy through FRAC, FRAG, CRD, 
EPPO 

Experiments Model studies 



 The heterozygote is partially sensitive 
 At low frequency R genes are, due to sexual 

reproduction, mainly in heterozygotes 
 

Link to insecticide resistance literature 

Fungicide 
dose 

 Most plant pathogens are haploid at time when 
fungicide is applied, or are clonal 

 Reasoning of insecticide resistance does not apply  



 Mechanisms by which an increased dose may 
reduce resistance risk 
 Stress induced mutation 
 Mutation limitation (emergence) 
 Refugia 
 Converging dose-response curves 
 Partial resistance/multi-gene resistance 

 These mechanisms are hypothetical, none have 
been shown to apply 

 Virtually all available evidence suggests that 
increasing fungicide dose increases selection for 
resistance 

Fungicide dose, missing evidence 



The effect of Dose. 3 
Mutation limitation and emergence 

Low dose 

High dose 

Mutation Invasion 



 
 Converging dose-response curves 
 

Fungicide dose, missing evidence 

Lolium rigidum 

sensitive  

resistant 

Neve & Powels (2005) 



 Strictly: 
 Protectant :  application prior to infection 
 Curative:      application after infection 
 

 Brent and Hollomon (2007)  
‘‘to the authors knowledge there is no experimental 
evidence comparing the resistance risks of 
prophylactic versus threshold-based schedules, 
and research on this would be useful.’’  

Adjust timing – protective vs curative 



Adjust timing – protective vs curative 

 
 
 
 
 
 
 

 Protective use is in many cases essential for 
    effective disease control 
 There is no evidence that protective use is 
     essential for resistance management 


