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Fungicides and fungicide resistance
Fungicides are a vital crop
protection tool, especially where
disease pressure is high.
There is a limited number of
fungicide Mode of Action groups
registered for use on crops in
Australia.
Most single-site fungicides have
some risk of their target pathogens
developing resistance.
Over-use or lack of rotation
of a fungicide favours fungicide
resistance.
Available fungicides provide a
range of mixing and rotation
options.

Fungicides are a valuable tool
in crop protection worldwide.
However, most are vulnerable
to the pathogens they
target developing fungicide
resistance, so responsible
management is essential for
preserving ongoing efficacy.

Fungicides help Australian growers
protect their yields from a range of
fungal pathogens. This is especially true
in high rainfall zones that experience
conditions which are conducive to
increased disease pressure. However, it
should be noted that any circumstances
that promote high humidity within
the crop canopy will favour disease
development.
Most growers combat this disease
pressure with three main fungicide
Mode of Action groups – Group 3 DMIs
(azoles), Group 7 SDHIs, and Group 11
QoIs (strobilurins).

How fungicides work
Single site fungicides

Modern single-site fungicides usually
target a specific enzyme complex within
the pathogen.
These fungicides normally bind to the
target enzyme like a key. In most cases,
the resulting chemical interaction inhibits
a particular metabolic function within the
pathogen, such as cell respiration.
For example, succinate dehydrogenase
inhibitors or SDHIs (Group 7) target the
succinate dehydrogenase respiratory
enzyme complex in fungal mitochondria.
The chemical binds to this enzyme
complex and blocks its activity.

Single site fungicides normally bind to the target
enzyme like a key.
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Mechanism

Resistance association in Australian
grain crop diseases (examples)

Target-site mutation, single

Reduced sensitivity
Net form net blotch – Group 3
Fungicide

Net form net blotch – Group 7
Septoria tritici blotch – Group 3
Spot form net blotch – Group 3

Target
gene

Resistant
Net form net blotch – Group 7
Spot form net blotch – Group 7
Wheat powdery mildew – Group 11

Multiple target-site mutations,
within an individual isolate

Single target site, multiple mutations
- resistance to single fungicide or
fungicide Mode of Action (MoA) group
Reduced sensitivity
Septoria tritici blotch – Group 3

Isolate A

Isolate A

Reduced sensitivity to Resistant
Barley powdery mildew – Group 3

Multiple target-site mutations, within a population
Fungicide

Fungicide

Multiple target sites - resistance to
multiple fungicide classes
Reduced sensitivity to Resistant
Net form net blotch – Group 3 and
Group 7

Target
gene

Isolate A

Target
gene

Isolate B

Target-site over-expression

How fungicide
resistance develops
Being formulated to target a specific
enzyme makes single-site fungicides
more vulnerable to a pathogen evolving
reduced sensitivity or resistance
through changes in the structure of their
fungicide target site
Mutations in the fungicide target site is
one way fungi can develop resistance to
single-site fungicides. Another common
mechanism is the production of more
target enzymes than the fungicide can
overcome.

Resistant

As repeated fungicide applications
continue to reduce the susceptible
populations, the resistant strains come
to dominate the field population and the
fungicide is no longer effective.

Spot form net blotch – Group 3
Hybrid spot/net form net blotch –
Group 3
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Multi-site fungicides usually act against
fungal pathogens on contact, rather than
penetrating their cell structure. Their lack
of specificity means multi-site fungicides
can be less environmentally friendly,
unlike single-site fungicides which are
formulated to act against a distinct target
site within fungi.

In contrast, resistance to multi-site
fungicides is virtually unheard of.

Net form net blotch – Group 3
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The major alternative to single site
fungicides is multi-site fungicides.
These comprise a wide range of
chemical actives, from compounds of
common elements like copper, chlorine,
sulphur, etc.

Reduced sensitivity
Spot form net blotch – Group 3
Blackleg – Group 3

Mixed mechanisms
Target-site mutation + gene over-expression

Multi-site fungicides

Fungicide resistance can develop in
the field when fungal strains carrying
a suitable mutation are favoured by
repeated use of the same fungicide.
Essentially, they continue to reproduce
while more susceptible strains are
controlled.

For more information, see the AFREN
Fact Sheet How Fungicide Resistance
Develops

Fungicides are grouped according to
their biochemical Mode of Action (MoA).
The Mode of Action describes how
chemicals in that group interact with the
fungal cells to inhibit or kill the pathogen.
By mixing and rotating registered
fungicides throughout (and even
between) each growing season, growers
can provide a more dynamic control
environment that does not encourage
the success of a specific resistance trait.

The three dominant
fungicide MoAs in
Australia are:
Group 3

Azoles/demethylase inhibitors (DMIs).
Description: DMIs compromise the
integrity of fungal cell membranes by
inhibiting the enzyme C14-demethylase.
Fungi need C14-demethylase to
generate ergosterol, which is essential
for cell membrane structure, integrity
and function.
As DMIs target this very specific
metabolic site, they need to be used
with other fungicides to reduce the risk
of the pathogen developing resistance.
Common actives:
Cyproconazole (e.g. Alto®)
Epoxiconazole (e.g. Opus®)
Flutriafol (e.g. Armour®, Impact®)
Propiconazole (e.g. Tilt®)
Prothioconazole (e.g. Prosaro®)
Tebuconazole (e.g. Folicur®, Raxil®)
Triadimefon (e.g. Bayleton®)
Registered for: Most crops
Risk of fungicide resistance
development: Low to moderate
Notes: The predominant MoA group,
DMIs have been cheap and effective to
use for many years.
When more than one Group 3 application
is required in a growing season, the
AFREN recommendation is to rotate
the Group 3 actives being used. This
differs from current CropLife Australia
and FRAC (frac.info) advice. However, all
parties agree that growers should work
to reduce their total applications of Group
3 fungicides and rotate multiple MoA
actives within each season.
3
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Is it fungicide resistance?
Not every case of fungicide failure
is an indication of fungicide
resistance.
Each fungicide has a specific
spectrum of effectiveness.
Applying fungicide at sub-optimal
rates or against a pathogen not
listed in its label can lead to an
unsatisfactory result.
Fungicides can fail for a wide
range of reasons including:
Poor application of foliar
fungicide due to operator error
or incorrect sprayer calibration
Unsuitable weather during or
immediately after spraying (e.g.
excessive wind or rain)
Poor timing
Poor application coverage
Antagonistic tank mixes
Ineffective rates
Excessive disease pressure

Expired product
Using a fungicide with low or
no efficacy against the target
pathogen
In addition, dry soil conditions or
other constraints on root growth
can limit distribution of a fungicide
in the soil and/or affect the plant’s
ability to take up a seed dressing
or an in-furrow fungicide.
Equally, wet soil conditions and
excessive rainfall can mean the
active constituents in a seed
dressing or in-furrow application
move further into the soil profile
and out of the root zone.
It is important to keep
comprehensive records for every
fungicide application and inspect
sprayed crops to assess the
treatment’s effectiveness.

Photo: CCDM.

Fungicide Mode of
Action Groups
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Group 7
Succinate dehydrogenase inhibitors
(SDHIs)
Description: SDHIs work by inhibiting
the activity of a mitochondrial
enzyme complex known as succinate
dehydrogenase (SDH) – also known as
succinate-coenzyme Q reductase (SQR)
or just Respiratory Complex II – which is
essential for energy production.
By inhibiting mitochondrial respiration,
SDHIs prevent spore germination and
mycelial growth in the pathogen.
Common actives:
Bixafen (Aviator® Xpro®)
Fluxapyroxad (Systiva®)
Penflufen (EverGol® Prime)
Registered for: Canola, cereals,
winter legumes
Risk of fungicide resistance
development: Moderate to high
Notes: Recently introduced, commonly
distributed as a seed dressing and
as a mixing partner in some foliar
formulations.

Group 11
Strobilurins/Quinone outside
inhibitors (QoIs)
Description:This group of fungicides
also inhibits mitochondrial respiration
(energy production) within fungal
cells, although they target a different
respiratory enzyme complex to SDHIs.
Specifically, QoIs target the Quinone
outside site of cytochrome b, which is
part of the cytochrome bc1 complex
(Respiratory Complex III), to prevent
spore germination and mycelial growth.
Common active:
Azoxystrobin (e.g. Amistar®)
Registered for: Most crops
Risk of fungicide resistance
development: High
Notes: Registered for some time, used
as a mixing partner in some foliar and
in-furrow formulations.

Other fungicides
and MoAs
In all, there are currently more than 200
fungicides in 57 MoA groups approved
for agricultural use worldwide. Of those,
very few are registered for use on
Australian grains.

Group 1
Methyl benzimidazole carbamates
(MBCs)
Common actives: Carbendazim
(numerous branded products)
Thiabendazole (e.g. Tecto®, P-Pickel T®)
Registered for: Pulses
Risk of fungicide resistance
development: High

Group 2
Dicarboximides/MAP-kinase inhibitors
Common active: Iprodione (e.g. Rovral®)
Registered for: Canola (not for
Blackleg), Pulses (excluding chickpeas)
Risk of fungicide resistance
development: Low to moderate
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Group 5
Amines/Morpholines
Common active:
Spiroxamine (e.g Prosper®)
Registered for:
Barley (barley powdery mildew)
Risk of fungicide resistance
development: Low to moderate

Group 12
Phenylpyrroles/PP fungicides
Common active: Fludioxonil (e.g Maxim®)
Registered for: Canola, sorghum
Risk of fungicide resistance
development: Low to moderate

Group 13
Azanapthalene

Group 4

Common active: Quinoxyfen (Legend®)

Phenylamides/PAA

Registered for: Barley (barley powdery
mildew)

Common active:
Metalaxyl (e.g. Apron®, Ridomil®)
Registered for: Most crops
Risk of fungicide resistance
development: High
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Notes: Not usually a principal fungicide
for cereals, it is often used as a mixing
partner to target oomycetes (e.g.
Phytophthora, Pythium spp.)

Risk of fungicide resistance
development: Moderate
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USEFUL RESOURCES
Australian Fungicide Resistance
Extension Network (AFREN)
Dedicated site for the latest
Fungicide Resistance information,
reference materials, case studies,
grower surveys and news.
afren.com.au

Group M1-M5

Aromatic hydrocarbons and
heteroaromatics

Multi-site activity

Common active: Quintozene
(e.g. Terraclor®)
Registered for: Bean, sweet pea
(soil borne fungi)
Risk of fungicide resistance
development: Low to Moderate

Group 33
Phosphonates
Common active: Phosphoric acid
(e.g. Foli-R-Fos®)
Registered for: Barley, canola, wheat
Risk of fungicide resistance
development: Low

Common active: Copper (numerous
branded compounds) or Sulphur
(e.g. Thiovit®, Kumulus®)
Registered for: Predominantly pulses
Risk of fungicide resistance
development: Low
Notes: Some of the oldest known
fungicides. Some can be harmful to
human health, which has resulted in a
reduction in their use and registration in
recent years.

Fungicide Resistance Fact Sheets
A range of fact sheets offering
advice for fungicide management
in wheat, barley, canola and pulse
crops; and for managing fungicide
resistance in specific crop diseases
where resistance issues have been
identified in Australia.
afren.com.au/resources#factsheets
CropLife Australia Fungicide
Group Activity Table
CropLife Australia | Fungicide
Activity Group Table
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Group 14

Fungicide Resistance
Management in Grain Crops
Comprehensive guide to fungicide
resistance issues, instances and
management – including details of
fungicide Mode of Action groups,
chemical actives and diseases
by crop. Prepared by AFREN and
published by the GRDC.
afren.com.au/
resources/#management-guide

Product examples from the CropLife
Australia Fungicide Group Activity Table
2020 and Australian Pesticide and
Veterinary Medicines Authority.

The Fungicide Resistance Five!
1. Avoid susceptible crop varieties
2. Rotate crops – use time & distance to
reduce disease carry-over
3. Use non-chemical control methods to
reduce disease pressure
4. Spray only if necessary
& apply strategically
5. Rotate & mix fungicides / MoA groups
Barley powdery mildew
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FREQUENTLY ASKED QUESTIONS

REFERENCES

What agronomic measure can help reduce fungicide
resistance risk?

The content in this Fact Sheet
is based on the content and
sources included in the AFREN
Guide Fungicide Resistance
Management in Australian Grain
Crops. See ‘Useful Resources’
on page 5.

Any agronomic measure that helps reduce disease pressure, and therefore
the need for fungicide applications, will help mitigate the risk of pathogens
developing resistance to a fungicide.
You should be aware of any previous cases of reduced effectiveness or
resistance to a fungicide in your area and avoid using the affected fungicide
product. Use mixtures containing more than one MoA group and do not apply
the same group more than once in succession.
Other agronomic measure that will reduce disease pressure include:
Being aware of the recurring pathogens in your area and the conditions that
favour them.
Avoiding susceptible crop varieties and planting resistant or more tolerant
varieties if available.
Eliminating the green bridge and any infected stubble between seasons
Practicing good crop rotation to provide a dynamic host environment.
Avoiding early planting where cool, wet conditions will most favour disease
development in the young crop.
Applying fungicide at the first sign of disease, while pathogen numbers are
relatively low.

How does fungicide resistance develop?

Fungicide resistance occurs when fungicide resistant strains of a pathogen
dominate the whole pathogen population. Fungicide resistant strains are
‘selected for’ by applications of the fungicide. That is, the non-resistant strains
are controlled by the fungicide allowing the resistant strains to proliferate.
For more on the causes and effects of fungicide resistance, read the AFREN
Fact Sheet How Fungicide Resistance Develops.

How do I know if I have a fungicide resistant disease in my crop?

If a fungicide application fails to provide adequate control of the disease, or if
the lower range of application rates on the label for a fungicide must be steadily
increased from application to application, there is cause for concern.
You should keep an accurate record of every fungicide application – including
dates, times, weather conditions, application rates, crop growth stage and notes
of any evidence of a disease being present.

What should I look for?
It is important to inspect the crop after every fungicide application to confirm
whether the expected level of control has been achieved.
If the disease is still present or increasing, review records of the application
for reasons why it may have failed. If there is no obvious cause, consult an
expert and consider having samples of the infected crop tested for fungicide
resistance.

Who do I contact?

Contact your agronomist or adviser and have them review the crop and your
fungicide application records. If they suspect fungicide resistance, they will be
able to arrange further investigation, sample collection and lab analysis.
Alternatively, you can visit the AFREN website About page for details of
fungicide resistance experts in your region.
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MORE INFORMATION
Australian Fungicide Resistance
Extension Network (afren.com.au)
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DISCLAIMER While every effort has been made to ensure
the scientific accuracy and currency of all information and
recommendations, our understanding of fungicide resistance
is constantly developing and readers are advised to seek
further information regarding fungicide resistance from the
AFREN, CCDM Fungicide Resistance Group and CropLife
Australia websites.
Not all active constituents/products in each MoA group are
registered for use on the target pathogens indicated in each
region. It is the responsibility of growers and advisers to ensure
that the fungicide is registered, or that permits are current, for
the target pathogen, crop and region.
Current information on registered fungicides can be found on
the APVMA website.
Any recommendations, suggestions or opinions contained in
this publication do not necessarily represent the policy or views
of the Grains Research and Development Corporation. No
person should act on the basis of the contents of this publication
without first obtaining specific, independent, professional
advice. The Corporation and contributors to this fact sheet may
identify products by proprietary or trade names to help readers
identify particular types of products. We do not endorse or
recommend the products or manufacturers referred to. Other
products may perform as well or better than those specifically
referred to. GRDC will not be liable for any loss, damage, cost
or expense incurred or arising by reason of any person using or
relying on the information in this publication.

