
3/4/20

1

Fungicide Resistance 
Management-Best Practices 
M. L.  Lewis Ivey, The Ohio State University-Wooster Campus
2020 Grape Winter School

1

Fungicides are an Integral Part of a Disease 
Management Program
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Fungicides Applied to Protect Clusters
• Prevent the build up of inoculum in the vineyard
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Age-related Resistance Protects the Berries
• Berries are resistant to new infections three to five weeks post bloom 

depending on the variety

Stomate on 
berries close 
and are sealed 
with waxy 
cuticle
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Pre-bloom Bloom Fruit set Pea size

Critical Period For Disease Control of 
Clusters 
• Infections occur at night when temperatures are between 64-76 F
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Critical Period for Fungicide Applications
• During this time you must protect the clusters from infections
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Risk Factors Contributing to 
Resistance development

•Factors associated with the fungicide
• Fungicide mobility
• Fungicide mode of action
• Fungicide use patterns

•Factors associated with the fungus 
• Fungus biology
• Fitness of fungicide resistant fungal isolates

•Crop production practices
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Fungicide Mobility

Can penetrate and 
protect whole plant 

(including new 
tissue)

Can not 
penetrate 

into the plant

Can penetrate 
and protect 

short distances 
in the plant
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Non-systemic (Contact) Fungicides

x

•Applied BEFORE the fungus 
(spores) arrives

•Prevents fungus germination 
and penetration
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Translaminar Fungicides

•Penetrates plant 
tissue

x
x

x

•Kills fungus that has 
infected plant tissue

•Locally systemic
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Systemic Fungicides

•Penetrates plant 
tissue

•Moves through the 
entire plant and 

protects new tissue
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Physical Mode of 
Action
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Protectant
• Act as a chemical 

barrier

• Kills fungal spores on 
the plant surface

• Inhibits spore 
germination or 
penetration

• Effective coverage is 
critical

• Sulfur
• Copper
• Captan

• Mancozeb
• Oils
• Quintec
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Curative
• Locally systemic

• Inhibits further growth of 
the pathogen after 
infection has occurred

• Timing of infection 
periods is critical

• Effectiveness 
expressed as “kick-
back” activity

• Vivando (metrafenone)
• Endura (boscalid)
• Rubigan (fenarimol)

• Elevate (fenhexamid)
• Torino (cyflufenamid)
• Flint (trifloxystrobin)

Fungicide Kick-back Activity (h)

Elevate 48

Sovran 48-72

Rubigan 72-96
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Antisporulant
• Systemic movement

• Prevents or reduces 
sporulation on active 
lesions

• Rally (myclobutanil)
• Procure (triflumizole)
• Orius (tebuconazole)

• Mettle (tetraconazole)
• Abound (azoxystrobin)
• Pristine (pyraclostrobin)
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Biochemical Mode of 
Action

16

Single Site vs Multi Site Activity
SINGLE SITE

•Acts on a specific target site within 
the fungus

•Generally systemic fungicides
•Single or multiple genes affected
•Moderate to high risk for 
resistance development

MULTI SITE
•Acts on multiple sites within the 
fungus

•Generally contact (protectant) 
fungicides

•Multiple genes affected
•Low risk for resistance development
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Fungicide Target Sites
Cell wall

Cell membraneNucleic acid

Microtubules Mitochondrion

Proteins/enzymes DMI-FRAC 3

QoI-FRAC 11
SDHI-FRAC 7
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FRAC Mode of Action Active Ingredient Commercial Product

2 Signal transduction iprodione Rovral

3

Sterol biosynthesis in 
membranes (DMI)

fenarimol,
myclobutanil, 
tetraconazole, 
difenconazole, 
tebuconazole

Rubigan, Rally, Mettle, Revus Top; 
Quadris Top*, Fervent, Luna Experience,
Adament

7
Complex II Respiration
(succinate dehydrogenase) 
(SDHI)

boscalid, fluopyram, 
benzovindiflupyr, 
isofetamid

Endura, Pristine, Luna Experience, 
Aprovia, isofetamid Fervent*, Isofetamid
400, Kenja 400SC
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Complex III Respiration 
(ubiquinol oxidase) (QoI)

azoxystrobin, 
kresoxim-methyl, 
trifloxystrobin, 
pyraclostrobin

Quadris Top, Abound, Sovran, Flint, 
Adamant, Pristine*

13 Signal transduction
(mechanism unknown)

quinoxyfen Quintec

50 Cytoskeleton – actin / myosin 
function

metrafenone, 
pyriofenone

Vivando, Prolivo

M Multi-site Copper, sulfur Sulfur dust, Sulforix, Bordeaux mix
U Unknown cyflufenamid Torino, Miltrex
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Fungicide Resistance
•Genetic change in the fungus that leads to reduced sensitivity 
to a fungicide
•Stable, heritable trait
•Governed by a single gene or multiple genes
•Occurs when there is a shift in the fungal population from 
predominately sensitive isolates to predominately resistant 
isolates
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Qualitative
(single step, sudden)

Quantitative
(multiple steps, gradual)
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Types of Resistance
•Cross-resistance

• Resistance arises to one fungicide that also results in resistance to 
another fungicide

• Occurs with fungicides with the same site-specific mode of action
• Does not require exposure to both fungicides

•Negative cross-resistance
• A change results in a reduction in sensitivity to one fungicide and an 

increase in sensitivity to another fungicide (rare)

•Multiple resistance
• Resistance to two or more fungicidal modes of action

23

Risk Factors Contributing to 
Resistance development

•Factors associated with the fungus 
• Fungus biology
• Fitness of fungicide resistant fungal isolates

•Factors associated with the fungicide
• Fungicide mobility
• Fungicide mode of action
• Fungicide use patterns

•Crop production practices

24
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The Fungicide Label
•Contains all the information about the fungicide that you are required to 
know by law
• Hazards to humans, animals, environment
• Agricultural use requirements (PHI, REI, maximum seasonal use, etc.)
• Storage and disposal
• Tank mix compatibility
• Spraying and mixing instructions
• Management (resistance and drift) The Label is 

the Law

25

Reading the 
Label

Active ingredient 
and FRAC Group

Formulation

Active and inert 
ingredients
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Resistance 
Management
• Recommendations for 

integrated disease 
management best 
practices and 
resistance management
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Resistance 
Management
• Best practices to reduce 

the rate of resistance 
development are 
provided in the label
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Use 
Restrictions
• Specific use instructions 

vary depending on the 
crop
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Fungicide Resistance Management 
Strategies
•Strategies that delay resistance 
development in the fungal population
• Accurate and rapid disease diagnosis
• Integration of management strategies
• Selection of the correct fungicide
• Targeted spray applications
• Fungicide stewardship

• Multiple modes of action
• Multiple use patterns

30
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MOA 1 MOA 1
No Rotation

MOA 1

MOA 1 MOA 2 MOA 3, 4, 5
Rotation

1.  ROTATE MODES OF ACTION
• Use protectant fungicides as much as possible
• Tank-mix protectant fungicides with systemic fungicides

C. Oliver, W SU
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2. STRATEGIC TIMING OF FUNGICIDES 
• Apply fungicides to prevent inoculum buildup and protect the foliage and clusters from 

initial (primary) infections
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Tips for Strategic Timing of 
Fungicides-Early Season

•Use protectants during rapid growth early in the season
•Biocontrols are most effective when disease pressure is low
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Tips for Strategic Timing of 
Fungicides-Critical Period

•Avoid using FRAC 11 fungicides during critical period if QoI resistance is 
confirmed in your vineyard

•Tank mix with a protectant if appropriate
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Tips for Strategic Timing of 
Fungicides-Late Season

•Use best cultural practices and fungicides to keep inoculum levels low
•Use protectants and/or alternate with systemic fungicides if disease 
pressure is low

•Tank mix protectants with systemic fungicides if disease pressure is high
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3. OPTIMAL SPRAY INTERVALS
• The duration of the efficacy is influenced by the mobility, rate, mode of action and 

environmental conditions
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Tips for Selecting the Application 
Interval
Short Intervals (5-10 days)

•Protectants and some translaminar 
products

•Biocontrol products
•Rapid plant growth periods
•Environmental conditions that 
favour pathogen growth=high 
disease pressure

Long Intervals (>10 days)
•Translaminar and systemic 
products

•Periods of slow plant growth
•Low disease pressure 
environmental conditions
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4. USE THE CORRECT RATE (DOSE)
• The time until fungicide resistance emerges in the pathogen population is a combined 

effect of dose on pathogen population density, mutation rate and the probability 
to invade

Plant Pathology, Volume: 60, Issue: 4, Pages: 597-606, First published: 06 March 2011, DOI: (10.1111/j.1365-3059.2011.02439.x) 
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Evolving to resistance may take many generations, 
therefore “much of the opportunity to slow evolution 
(resistance development) has already been lost if 

resistance management strategies are put in place in 
response to detection.”

Hobbelen et al. 2014.  PLOS One DOI: 10.1371/journal.pone.0091910 · Source: PubMed
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QoI Resistance is in my Vineyard!  
What do I Do?

81%

15%

4%

Resistant Sensitive Mixed•Don’t panic and ask for help!
•Plan a resistance management program

• Reduce use of QoI fungicides (use early in 
the season but avoid critical period)

• Mix protectants with QoI fungicides
• Rotate FRAC groups (mode of action)
• Avoid extending spray intervals

N isolates=27
N farms=7

The presence of the resistance gene does NOT 
mean control failure is eminent.
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