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Fungicide Resistance!

• In 2011, Syngenta 

confirmed R. solani

isolates resistant to 

azoxystrobin (  , 

resistance origin)

• Resistance found 

only within 40 km of 

resistance origin



Fungicide Resistance!

• Loss of disease 

management

• Wasting resources

• Resistance beyond 

40 km from 

resistance origin?

• Other strobilurin 

fungicides?



Sample Collection

• 5 mile grid 

for field 

selection

• 40 sites 

including 

resistance 

origin and 

sensitive 

control



Error bars represent standard deviation.

Azoxystrobin Results

11 Resistant 3 I. 26 Sensitive

Legend Sensitive 

Resistant                 * More sensitive than

Intermediate                  sensitive control



Azoxystrobin Results

Legend

• resistant

• intermediate

• sensitive

resistance    
origin

sensitive 
control



Error bars represent standard deviation.

3 R. 28 Intermediate 9 Sensitive

Pyraclostrobin Results
Legend

Resistant                 * Sensitive

Intermediate



Pyraclostrobin Results

Legend

• resistant

• intermediate

• sensitive

resistance    
origin

sensitive 
control



Error bars represent standard deviation.

Inconclusive? Sensitive?

Trifloxystrobin Results

100%
Sensitive

Legend

Resistant                 * Sensitive

Intermediate



Conclusions

• Geographic distribution of azoxystrobin-resistant 
isolates of R. solani is larger than previously known

• Imperfect or weak strobilurin cross-resistance in this 
pathosystem



Fungicide Resistance

Plant Disease Management 
Constraints





Qualitative Resistance

• One-step or discrete resistance 

• Generally results from the 
mutation of a single major gene

• Results in sudden shift in the 
population from very sensitive to 
highly resistant

• Leads to total failure 
of the fungicide

• Examples: 
– benzimidazoles

– phenylamides



Quantitative Resistance

• Multi-step resistance results from 
mutation of many genes that 
contribute to resistance

• Results is a gradual shift in the  
population to more resistant

• Seldom leads to total 
failure of the fungicide

• Example: 

– DMI fungicides





Cross-Resistance

• Resistance to a fungicide with a specific mode 
of action is expressed to other fungicides with 
the same mode of action 



Resistance Risk Factors

FUNGICIDE

• Site-specific mode of 
action

• Fungicide use pattern
– Frequent or sole use

– Improper timing 

– Poor coverage

– Low rates

– Use as a curative

PATHOGEN

• High reproductive rate 

• Short latent period

• Fitness of resistant strains



Managing fungicide resistance

1. Do not use the product exclusively (i.e., mixtures)

2. Restrict the number of applications per season, 
and apply only when necessary. Use other 
fungicides before and after

3. Use manufacturers’ recommended dose

4. Avoid using as an eradicant 

5. Integrated disease management

6. Chemical diversity



Questions? Comments?


