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Rust pathogens can spread rapidly and reduce yields. Laboratory detections of changed
Group 3 (DMI) fungicide sensitivity reinforce variety selection, non-chemical management,

and careful fungicide use to minimise resistance risk.

Key points

¢ There are no reported instances
of field fungicide resistance
or reduced sensitivity in rusts.

Reduced sensitivity to Group 3
(DMI) fungicides has been
detected in glasshouse
screening tests.

Researchers need rust samples
to monitor whether reduced
sensitivity is present in paddocks.

Introduction

Rust pathogens are highly host specific and
have enormous epidemic potential under
favourable conditions. Early infections

can result in significant yield losses in
cereal crops.

Rusts produce billions of microscopic
airborne spores, allowing the diseases to
spread rapidly over vast distances. Spores
are produced in pustules on the host plant.
They can be easily rubbed off with a finger
or tissue and will appear as “rust-like” dust.
As crops mature, pustules will darken and
black teliospores are produced. Unlike
cereal pathogens that can survive on
stubble, rusts need living host tissue to
survive during summer.
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Wheat leaf rust on glasshouse plants at the Plant Breeding Institute, University of Sydney.

Photo: Bridget Penna

Barley leaf rust

Barley leaf rust is caused by the fungal
pathogen Puccinia hordei. The disease
appears as small, circular to oval pustules
on the upper surfaces of leaves, which

produce a mass of brown powdery spores.

The pustules can also develop on leaf
sheaths and awns. Infection is favoured
by moist conditions with temperatures of
approximately 15 °C to 20 °C. Crops sown
early when nights are still warm are often
more severely infected.

Unlike many cereal rust pathogens,

P hordei can survive between seasons
by infecting its alternate host, the

winter flowering bulb Star of Bethlehem
(Ornithogalum umbellatum). This plant is a

common weed in some areas of the Yorke
Peninsula (SA) and Victoria. Sowing barley
into paddocks where the Star of Bethlehem
is present is not recommended.

Wheat leaf rust

Wheat leaf rust is caused by the fungal
pathogen Puccinia triticina. This disease
appears as small circular or oval orange/
brown pustules on the upper surfaces of
wheat leaves. Later in the season, rust
pustules may develop on leaf sheaths.
Wheat leaf rust establishment is favoured
by humid conditions and temperatures of
between 15 °C to 25 °C.
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Fungicide resistance terminology

When a pathogen is effectively controlled by a fungicide, it is defined as sensitive to
that fungicide. As fungicide resistance develops, that sensitive status can change to:

- Reduced sensitivity
When a fungicide application does not work optimally but does not completely fail.
This may not be noticeable at a paddock level, but the grower may find previously
experienced levels of control require higher chemical concentrations up to the
maximum label rate. Reduced sensitivity must be confirmed through specialised

Leaf rust.
Photo: Bob Rees

Wheat stripe rust

Stripe rust is caused by the fungal
pathogen Puccinia striiformis f. sp. tritici.

It forms small, circular yellow pustules

that are densely packed on the leaves of
seedlings and causes yellow stripes along
the leaves of more mature plants. Pustules
mainly develop on the upper surface of
leaves but can also develop on awns and
inside glumes.

The optimum temperature range for wheat
stripe rust is 6 °C to 12 °C, with a minimum
of three hours of leaf wetness required

for new infections to occur. Stripe rust can
survive between seasons on volunteer host
plants, which may include other cereal or
grass weed hosts.

Fungicide sensitivity shifts
in P. hordei and P. triticina

The Australian Cereal Rust Survey team
at the University of Sydney has detected
important differences in the sensitivity of
P. hordei and P. triticina to Group 3 (DMI)
fungicides in controlled greenhouse tests.

Several P. hordei pathotypes were able
to grow and sporulate despite rates of
tebuconazole of more than 10 times the
recommended high field application rate
of 290 mlL/ha.

(Note: Tebuconazole is not registered

for the control of leaf rust in barley. It is
registered for control of barley scald and
mildew, and for control of rust diseases in
wheat and oats.)

laboratory testing.

- Resistance

When a fungicide fails to provide disease control in the paddock at the maximum
label rate. Resistance must be confirmed by laboratory testing and be clearly
linked to a loss of control when using the fungicide correctly in the paddock.

- Laboratory detection

A measurable loss of sensitivity can often be detected in laboratory in-vitro
tests before, or independent of, any loss of fungicide efficacy in the paddock.
Laboratory testing can indicate a high risk of resistance or reduced sensitivity

developing in the paddock.

In P. triticina, reduced sensitivity to
tebuconazole was identified in a single
pathotype that is currently present at

low levels in eastern Australia only. In
greenhouse tests, it was able to grow
and sporulate on leaves treated with
rates of tebuconazole up to 25 times the
recommended high field application rate.

In both P hordei and P. triticina, reduced
sensitivity was found to Group 3 fungicides
difenconazole, epoxiconazole, propiconazole,
prothioconazole and triadimefon.

While limited to controlled greenhouse
conditions, these findings appear to
represent a significant shift toward reduced
fungicide sensitivity in the pathogens that
cause barley leaf rust and wheat leaf rust.
They appear to be the first documented
case of reduced sensitivity in cereal rust
pathogens anywhere in the world.

There are currently no known cases of
fungicide performance being affected in

the paddock. Growers are urged to monitor
barley and wheat crops carefully if they are
sprayed for leaf rust and report any potential
lack of control.

Reducing fungicide
resistance risk

Control of cereal rusts must be based on
variety selection. Where genetic resistance
is completely effective, applying fungicides
to control rust is unlikely to provide a benefit.
However, if a variety only has adult plant
resistance, then applying fungicides to
control rust in the early growth stages may
provide an economic return.

It is always important to follow the Australian
Fungicide Resistance Extension Network
(AFREN) Principles (see graphic) for reducing
disease pressure and fungicide resistance risk.

- Avoid highly susceptible crop varieties.
Most wheat and barley varieties have
good resistance to rusts. Use a current
cereal disease guide to check resistance
ratings.

- Rotate crops. Avoid planting crops back
into or adjacent to stubble of the same
crop type.

- Manage the green bridge. Rusts need
living host tissue to survive the summer
months, so control weeds and volunteer
cereals with herbicide or grazing.

- Spray fungicides only if necessary and
get the timing right. Applying fungicides at
the right growth stage is important. Avoid
prophylactic spraying and spray before
the disease gets out of control.

- Monitor the effectiveness of fungicide
sprays by leaving a short unsprayed strip
to compare with the sprayed crop. Report
any suspected cases of lack of control to
the AFREN.

- Mix and rotate fungicide groups. Use
mixtures of different fungicide groups and
avoid using the same active ingredient
more than once in a season. Consider
off-target fungicide insensitivity in other
cereal pathogens as well.

For more information on fungicide resistance
management, see the ‘AFREN Fungicide
Resistance Management Guide’ in the Useful
Resources section.
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The Fungicide Resistance Five Growers should seek to provide a strong and reliable foundation of resistant or less
provides a creed to follow. susceptible crop varieties, supported by non-chemical integrated disease management

(IDM) that can be complemented by strategic and responsible use of fungicides.

The Fungicide Resistance Five
Use fungicides only as necessary and apply strategically
- Rotate fungicide groups
1 Avoid susceptible crop varieties and rotate them \ . Use mixtures (if available)
Fungicide \\\ « Stay within label rates
2 Rotate crops - use time and distance to b
reduce disease carryover Support with IDM to reduce disease pressure
Non-chemical « Stubble management .« Sow at the best time to
3 Use non-chemical control methods to farm management « Crop rotation avoid or tolerate disease
reduce disease pressure - Good hygiene - Manage the green bridge

4 Spray only if necessary and apply

. Start with a solid foundation
strategically

Where possible, select resistant or less susceptible
varieties, and rotate them, to reduce your reliance
5 Rotate and mix fungicide groups on fungicides throughout the growing season.

Variety selection

Help monitor changes
in cereal rusts

Knowing the type, distribution and impact of
different rust pathotypes is the foundation
of effective rust control. Rust surveillance
over the past 10 years has documented
frequent changes in cereal rust pathogens,
which means new challenges for resistance
breeding. These changes include:

- Resistance genes have been rendered
ineffective by local mutations in rust
pathogens, in wheat (Yr27), barley (Rph3
and Rph?) and oat (Pc97).

- East to west spread of new rust
pathotypes has been more frequent in
recent years.

- Exotic wheat leaf rust pathotype incursions
occurred in Australia in 2014 and 2020.

- Exotic wheat stripe rust pathotype
incursions occurred in Australia in 2017
and 2018, which led to the establishment
of 2 groups of genetically different stripe
rust isolates that have had very different
impacts on common wheat, durum wheat
and triticale.

Where paddock failure is suspected,
researchers need samples to determine
whether the suspected resistance can be
related to laboratory detections.

Wheat leaf and stripe rust on plants at Plant Breeding Insititute University of Sydney.
Photo: Bridget Penna

Growers, advisers, and other stakeholders
are encouraged to monitor crops closely

for rust and collect and send samples for accompanied by information on the information on submitting rust samples
analysis. If the crop has been sprayed fungicide used and any observations on is available on the University of Sydney
with fungicide, the samples should be the effectiveness of disease control. Further website: Australian Cereal Rust Survey.
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Frequently asked questions UIsE| (s e

What is a pathotype?

A cereal rust pathotype (strain, race, biotype) is a rust isolate that varies in its GRDC fact sheet: Understanding
ability to cause disease by overcoming resistant genes in cereal varieties. New how fungicide resistance develops in
pathotypes can arise due to random processes such as mutation, hybridisation, cropping systems (Mar 2022)

and exotic incursion.
GRDC fact sheet: How to collect a rust

Pathotypes are identified from samples collected in the paddock. Researchers sample (Sep 2025)
will infect a set of cereal varieties to determine which, if any, resistance has
been overcome. Australian Fungicide Resistance

What is adult plant resistance? Extension Network (AFREN) webpage

Adult plant resistance (APR) to cereal fungal diseases provides protection in the GRDC and AFREN publication:
post-seedling stages of crops (typically between tillering and booting, GS20-GS49). Fungicide resistance management in
The growth stage at which APR becomes active differs between varieties and can Australian grain crops (Apr 2021)
have a bearing on their resistance rating. Generally, APR provides some protection
from rust and can be used as part of an integrated disease management strategy GRDC investments: Australian Cereal
with fungicides. Rust Program - Continued monitoring
of cereal rust pathogens in Australia
Expression of APR can also vary seasonally — mild temperatures may slow crop 2022-2027

development and delay activation of the APR genes. In some varieties, early rust
protection using fungicides may be beneficial until APR is reliably expressed.

How does fungicide resistance develop?

Fungicide resistance occurs when naturally occurring resistant individuals are put
under fungicide selection pressure and come to dominate the pathogen population
in a paddock or region. Repeated applications of the same fungicide will control the
sensitive population but allow resistant individuals to thrive.

For more on the causes and effects of fungicide resistance, read the GRDC AFREN
fact sheet ‘Understanding how fungicide resistance develops in cropping systems’ in
the Useful Resources section.

How do | know if | have a fungicide resistant rust in my crop?

If a fungicide application fails to provide adequate control of the disease, or if
the application rate for a fungicide must be steadily increased from application to
application, there is cause for concern.

Contact an agronomist or adviser and have them review the crop and fungicide
application records. Visit the AFREN website for details. of fungicide resistance
experts in each region.
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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 fungicide 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 \ G R D ‘
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 GRAINS RESEARCH
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.
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