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Pathogen - infested cereal residues 

Neil Harker – a weedy guy 

outstanding  in the field 



Tight rotation, susceptible variety … no 

worries, choose the right target and hit it 

good, hit it real good with fungicide!  

Problem solved … ??? 

Kelly T. 

Haul = 1 turkey 

and 1 ham 

Brother: 

Brent T. 

Nephew: Kyle 

W. – Armoury 
Photo by C. Fisher 

(Brother-in-law) 

Boise Gun Club 

Thanksgiving 

Turkey Shoot, 

Boise, Idaho, 

2014 



Fungicide  issues 
• To spray or not to spray? 

– Variation in disease risk 

– Cost/benefit concerns 

– Customer/consultant 

characteristics 
• Risk averse 

– Insurance spraying 

• Frugal nature 

– Scheduling 
• Weather and availability of 

applicator, chemical, etc.  

• Fungicide resistance 
– Background, risk factors, 

and management strategies  

William Spray-

speare 



Agricultural Scientist in training, sclerotinia project, 

AAFC Melfort, 1985 

Fungicide 

options were 

limited in the 

1980’s, much 

like short 

length 
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Fungicide options on the Canadian Prairies were limited in the 1980’s, much like short length 
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Fungicide options on the Canadian Prairies more plentiful in 2018.  Triazoles are the main options. 
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PhenylAmides 

Bravo, 

copper, etc. 

Ronilan 

Rovral 

Dicarbox- 

imides 

Gossen et al. 2001 

Sclerotinia 

sclerotiorum 

Canola/alfalfa 

Benomyl (Benlate) 

Harding et al. 

Fusarium spp., dry rot 

potato, thiabendazole 

(Mertect), thiophanate-

methyl, fludioxonil, 

difenoconazole (rare) 

Gossen and Anderson 2004/Chang 

et al. 2007/Bowness et al. 2016, 

Didymella/ Ascochyta rabiei 

(Ascochyta blight) Mycosphaerella 

pinodes (Mycosphaerella blight) 

Chickpeas/Field peas 

Azoxystrobin (Quadris) and 

pyraclostrobin (Headline) 

Chang et al. 2007, 

Ascochyta rabiei, 

ascochyta, Chickpeas 

Chlorothalonil (Bravo), 

mancozeb  

M1-5 

Akhava et al. 2016, 

Pyrenophora teres, 

net blotch, 

Propiconazole/ 

Pyraclostrobin  

Fungicide options on the Canadian Prairies more plentiful in 2018.  Triazoles are the main options. 



Fungicide resistance 

• Genetic trait in the fungus 

– Stable & heritable  

– Not inherent resistance  

• Reduced sensitivity 

– Typically observed in the field 

• Laboratory vs. field/practical resistance 

• Acquired through selection pressure 

from fungicide applications 

– Original pathogen pop. largely sensitive 

– Selection for rare fungicide resistant 

types in the fungus population 

 



Fungicide resistance 

• Selection pressure 

– Repeated use within and/or  

between growing seasons 

• Same fungicide or similar fungicides 

– Selection for subpopulation of 

individuals with reduced sensitivity 

– Reduced sensitivity originally arises 

due to 

• Genetic mutations 

• Genetic recombination (sexual or asexual) 

– Fungicide is not changing the fungus 

• Influence is on population dynamics 



Qualitative/single step/discrete 

resistance (e.g. strobilurins) 
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Quantitative/multi-

step/continuous/progressive 

resistance (e.g. triazoles) 

0

10

20

30

40

50

60

70

80

90

100

Low High

Fungicide resistance level 

P
o

p
u

la
ti

o
n

 f
re

q
u

e
n

c
y
 



Small number of repeated applications over a few seasons 

No noticeable reduction in field performance 

Repeated applications over a several successive seasons 

Noticeable reduction in field performance followed by 

initiation of performance inquiry 



Factors influencing the development of 

fungicide resistance 

• Frequency of active ingredient use 

– Within and between seasons 

• Fungal population characteristics 

– Mating and reproduction systems 

• Outcrossing and sexual/asexual reproduction  

– Rare versus more frequently occurring 

• Pathogen life cycle 

– Short versus long generation times 

• Polycyclic versus monocyclic pathogens 

– Sporulation potential 



Factors influencing the development 

of fungicide resistance 

• Fungicide activity 

– Single- versus multi-site target 

• Application of fungicide to  

well-established infections and 

reduced-rate applications 

– Less effective control 

– Selection against a larger pathogen 

population 

 



Resistance mechanisms 

After J. Lucas, “Molecular basis for resistance in cereal pathogens 

Exclusion 

expulsion of 

the fungicide 

Alteration of 

target 
Over 

expression of 

the target 

Metabolism 

of the 

fungicide 

Fungicide 

Fungal 

cell 



For 

combinations, 

both FRAC 

codes should 

appear, e.g.  

Priaxor = 

fluxapyroxad + 

pyraclostrobin 

FRAC codes for 

resistance 

management can be 

found on the front of 

fungicide labels and 

in resistance 

management 

guidelines within the 

label 

Slide courtesy of Ron Howard 



Management strategies to avoid 

fungicide resistance 

• Avoid the exclusive use of a single 

product or mode of action 

– Products applied as mixtures with 

• Different modes of action 

• Different breadth of activity 

– Single- site and multi-site 

– Mixture of single site fungicides with different modes 

of action 

– Sequential use of different products as 

part of a “rotation” regime 

• Especially where repeated applications are 

used in a single growing season 



Management strategies to avoid 

fungicide resistance 

• Judicious use of fungicides 

– Reduce the potential number of 

selection events (i.e. fungicide 

applications with the same MOA) 

• Reduce number of applications per season 

• Choose the right target 

• Use only when required 

– When there is a risk of a significant impact on 

yield, quality, and/or economics  

• Avoid eradicant use? 

– E.g. spraying only when a certain 

amount of disease is already present  

 



Volunteer control 



Management strategies to avoid 

fungicide resistance 

• Follow recommended rates? 

– Reduced rates 

• Reduce input costs 

– Commodity prices are low relative to 

chemical/application costs 

• Disease risk is low or risk of substantial loss is 

reduced 

• Desire by government and industry to reduce 

chemical inputs into the environment 

– Reduced rates may favour survival of 

individuals with low levels of resistance 

that would be controlled with a full rate 
– Multi-step resistance 



Management strategies to avoid 

fungicide resistance 

• Follow recommended rates? 

– Organizations like FRAC advocate use 

of full rates 

– Relationship between reduced rates and 

increased risk of fungicide resistance is 

not clear 

• Reduced rates may be less effective at 

control 

– Leave greater proportion of sensitive types 

• Rates can vary under field conditions 

– Likely less of a concern for major vs. 

minor gene resistance 



Effectiveness of different strategies for mitigating 
the development of fungicide resistance (van den 

Bosch et al. 2014) 
Potential for selection of fungicide 

resistance/insensitivity (number of experiments) 

Strategy Increase Neutral Decrease 
 

Increasing fungicide dose 16 1 2 
Increasing the number of 

applications 6 0 0 
 

Alternating active ingredients 1 4 0 
 

Mixing active ingredients 1 5 43 
Splitting doses (equivalent to 

reducing dose) 10 0 1 
 

Early sprays 2 1 3 



Effectiveness of different strategies for mitigating 
the development of fungicide resistance (van den 

Bosch et al. 2014) 
Potential for selection of fungicide 

resistance/insensitivity (number of experiments) 

Strategy Increase Neutral Decrease 
 

Increasing fungicide dose 16 1 2 
Increasing the number of 

applications 6 0 0 
 

Alternating active ingredients 1 4 0 
 

Mixing active ingredients 1 5 43 
Splitting doses (equivalent to 

reducing dose) 10 0 1 
 

Early sprays 2 1 3 

Avoid 

Avoid 

? 

Implement 

Avoid 

? 



Try not to rely exclusively on 

fungicides as your only defence 

against plant diseases 

Use multiple tools 

from your 

crop/disease 

management toolbox 



Fungicide resistance 

resources 
• Fungicide Resistance Action Committee 

– http://www.frac.info/ 

– http://www.frac.info/resistance-overview 

– http://www.frac.info/resistance-

overview/mechanisms-of-fungicide-resistance 

– http://www.frac.info/publications/downloads 

– https://grdc.com.au/resources-and-

publications/grdc-update-papers/tab-

content/grdc-update-papers/2017/02/fungicide-

resistance-in-grain-crops  
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Fungicide resistance 

resources 
• Other sources of information 

– https://grdc.com.au/resources-and-

publications/grdc-update-papers/tab-

content/grdc-update-papers/2017/02/fungicide-

resistance-in-grain-crops 

– http://www.springer.com/gp/book/978443155641

1 

– Consult provincial guides to crop protection, 

and fungicide labels and manufacturers 

• https://www1.agric.gov.ab.ca/$Department/deptdocs.

nsf/all/agdex32  
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Lacombe, AB to Boise, Idaho Trip 

Lolo Pass, Montana, end of August 2013 

Thank you! 


