Fungicide Resistance
Management-Best Practices

M. L. Lewis Ivey, The Ohio State University-Wooster Campus
2020 Grape Winter School
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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

Stages of Berry Development

Berry formaton By pening

Berry Size
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Days after flowering

Age-related Resistance Protects the Berries

Stomate on
berries close
and are sealed
with waxy
cuticle

Berries are resistant to new infections three to five weeks post bloom

depending on the variety

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

Systemic
Fungicide

Translaminar
Fungicide

Can not Can penetrate Can penetrate and
penetrate and protect protect whole plant
into the plant short distances (including new

in the plant tissue)

Non-systemic (Contact) Fungicides
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contact
Fungicide

%

“Prevents fungus germination
and penetration

+Applied BEFORE the fungus
(spores) arrives

Translaminar Fungicides

Fungicide

«Kills fungus that has
infected plant tissue

~Locally systemic -Penetrates plant

tissue
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Systemic Fungicides
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Systemic
Fungicide

Moves through the
entire plant and
protects new tissue
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‘Penetrates plant
tissue

Physical Mode of
Action
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Protectant

« Act as a chemical

barrier

« Kills fungal spores on

« Inhibits spore

the plant surface

germination or
penetration

« Effective coverage is

critical

« Sulfur
« Copper * Oils

« Captan

germination tube
N

* Mancozeb

* Quintec
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haustoria

Curative
* Locally systemic

+ Inhibits further growth of Elevate 48
the pathogen after Sovran 48-72
infection has occurred Rubigan 72-96

+ Timing of infection
periods is critical

* Effectiveness
expressed as “kick- . N
back” activity Endura (boscalid)

* Rubigan (fenarimol)

« Vivando (metrafenone) + Elevate (fenhexamid)
« Torino (cyflufenamid)
* Flint (trifloxystrobin)

Antisporulant

« Systemic movement

« Prevents or reduces
sporulation on active
lesions

« Rally (myclobutanil)
 Procure (triflumizole) + Abound (azoxystrobin)
 Orius (tebuconazole) « Pristine (pyraclostrobin)

il

« Mettle (tetraconazole)

Biochemical Mode of
Action
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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

Fungicide Target Sites

Qol-FRAC 11

Mitochondrion -y all SDHI-FRAC 7

Microtubules
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Nucleic acid  Proteins/enzymes
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Cell membrane — DMI-FRAC 3
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FRAC Mode of Action Active Ingredient Commercial Product
2

Signal transduction iprodione Rovral

Sterol biosynthesis in fenarimol, Rubigan, Rally, Mettle, Revus Top;
membranes (DMI) myclobutanil, Quadris Top*, Fervent, Luna Experience,
3 tetraconazole, Adament
difenconazole,
tebuconazole
Complex Il Respiration boscalid, fluopyram, Endura, Pristine, Luna Experience,
7 succinate dehydrogenase) benzovindiflupyr, Aprovia, isofetamid Fervent*, Isofetamid
(SDHI) isofetamid 400, Kenja 400SC

Complex Il Respiration azoxystrobin, Quadris Top, Abound, Sovran, Flint,

1 (ubiquinol oxidase) (Qol) kresoxim-methyl, Adamant, Pristine*
trifloxystrobin,
pyraclostrobin
13 Signal transduction quinoxyfen Quintec
(mechanism unknown)
50 Cytoskeleton — actin / myosin  metrafenone, Vivando, Prolivo
function pyriofenone
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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Predominately
Sensitive Population
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Predominately
Resistant Population
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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

e
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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
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Flowable Fungicide Formulation
syngenta.

The Fungicide Label

+Contains all the information about the fungicide that you are required to Reading the
Label

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

Broad spectrum fungicide for control of
plan dissases

Active and inert
ingredients
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No Rotation
MO

A1 MOA 1 MOA1G
GGG

Rotation
MOA3, 4,5

C. Oliver, WSU

1. ROTATE MODES OF ACTION

+ Use protectant fungicides as much as possible
« Tank-mix protectant fungicides with systemic fungicides

Ccaptanyor | Captan (Wyor
Mancoreh () | ancoreh ()

Fotwmo
ior
coptan ) _| captan ) | meves t40)

| "oy | femey | v
e

Mancores| Revo Top | i Sope] Captan (M)or | Captan (W) or
) |_ony 51" | pritios 7413 | mncored ) | mancoreb

2. STRATEGIC TIMING OF FUNGICIDES

« Apply fungicides to prevent inoculum buildup and protect the foliage and clusters from

initial (primary) infections

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 Qol 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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Table 2. Vivando® fungicide Crop-specific Requirements continved)

ProductUse | Masimum | Maximum | Miimum
Ratopor | Number of | Product Rate
Crop Target Disease Application | Applications | per Year | APPication
MozsA) Borvour | o | loHarvest
Grapes vPcWﬂa‘{m\bsW 10.3t015.4 3 4¢ 14
Erisyphe spp. 021003 ba) 0.9 b a)

| Application Directions. For control of powdery midew, begin Vivando appications at bud break prior (o onset of s

ase, using 10.310 15.4 la2s/A (0.210 0.3 1 @) and continue on a 1

say i

symptoms of pow

Vivando has

0 curative propertes and
o If powdery midew infection s established, Vivando
of

DO NOT apply at rates higher than 15.4 l 0zs product (0.3 b &). DO NOT apply more than 46.2 fl0zs/A (0.9 b a) per

Iyear. The minimu interval between sprays is 14 days.
Do NoOT

flowering begins.

To imit resistance, DO NOT ®

'Vivando appications per year.

DO NOT
et mode of action

toa

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 <Translaminar and systemic
products products

Long Intervals (>10 days)

*Biocontrol products +Periods of slow plant growth

*Rapid plant growth periods *Low disease pressure

. L environmental conditions
*Environmental conditions that

favour pathogen growth=high
disease pressure
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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

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.”

Qol Resistance is in my Vineyard!
What do | Do?

*Don’t panic and ask for help!

WResistant WSensitive ®Mixed

*Plan a resistance management program
+ Reduce use of Qol fungicides (use early in
the season but avoid critical period)
« Mix protectants with Qol fungicides
+ Rotate FRAC groups (mode of action)
« Avoid extending spray intervals

The presence of the resistance gene does NOT

mean control failure is eminent. N isolates=27

N farms=7

Can use FRAC 11 fungicides tank-mixed with fungicides of the other FRAC groups or multi-site

nsitv
sensiive fungicides.

Less than 50% of | UP 10 the first 3 sprays of 1 after
samples from a black | the season applications have occurred.

“Resistant” or "Mixed" 11 fungicides for the rest of the season.

Pea-size berries to harvest | Can use FRAC 11 fungicides tank mixed with a multi-site fungicide.

are designated

Can use FRAC 11 fungicides tank-mixed with other fungicides. Check sprayer calibration and
Sensitive droplet size, ¢ interval and
slowing tractor speed (adjust calibration accordingly).

1 the rest of

Consid

designated
“Resistant” or "Mixed"

tmon e USRI Srcty o
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RUKI PATHOLOGY LAB

Supporting Ilealth_\‘(gx \ > Safe Fruit Production

M. L. Lewis Ivey

Fruit Pathology
The Ohio State University-Wooster Campus
14@0¢
u.osu.edulfruitpathology
Facebook.com/ohiograpeiPM
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