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Introduction

This encyclopaedia will help you
understand the major and minor
diseases of cereals, with a focus
on the organisms that cause them.

The diseases are ordered
alphabetically by their common
names. The causal pathogens
(scientific names) are indexed
alphabetically near the end

of the encyclopaedia, along with
a glossary of technical terms.

Content is structured in a similar
way for each disease. The common
name features at the top of each
page, followed by the pathogen(s)
responsible. A blue box indicates
the crop host(s) affected.

Where fungal pathogens have both
a teleomorph (sexual stage) and
an anamorph (asexual stage), the
teleomorph is listed first, followed
by the anamorph in brackets.

Symptoms are illustrated and
described, together with an outline
of the pathogen's life cycle and

an indication of the importance

of the disease.

This encyclopaedia is not a guide
to disease control, but it can help
lay the foundations for integrated
pest management (IPM).

For all AHDB-related resources,
visit our cereal disease
management home page:
ahdb.org.uk/cereal-dmg

Naming of fungal
diseases

Agreed by international
convention, scientific names

of pathogenic fungi can

change. For example, Septoria
tritici was reclassified as
Mycosphaerella graminicola,
then Zymoseptoria tritici.
Sometimes, however, the original
scientific names are widely used
to describe the diseases they
cause. These common names
are not italicised (e.g. septoria
tritici blotch).




Ascochyta leaf scorch (spot)

Pathogen
Didymella exitialis (Ascochyta spp.)

Crops affected

I T T T T

Hosts

The pathogen infects wheat,
barley, oats, rye, triticale and
many grass species.

Symptoms

Disease symptoms are on lower
leaves early in the season and on
upper leaves later on. The lesions
are usually elliptical and, although
chlorotic at first, soon become a
buff-to-brown colour, often splitting
longitudinally. Initially, lesions have
a dark-brown margin with a papery
white centre. The fungus often
invades damaged leaf tissue,

such as that caused by liquid urea

or nitrogen. Symptoms become less
distinct with time, appearing very
similar to those caused by septoria
nodorum. However, pycnidia are
generally black, whereas pycnidia
associated with septoria nodorum are
typically light in colour. The distinctive
lesion shape distinguishes ascochyta
infections from septoria tritici blotch.

Life cycle

Pycnidia and mycelium within
leaf tissue are thought to survive
on crop debris, much like the
septoria pathogens.

Vit
5

Typical ascochyta lesions showing dark margins and black pycnidia




Importance any yield loss. The teleomorph stage

of the fungus is common in Europe.

The disease is sporadic and rarely ;
In the UK, airborne ascospores of

severe. Although it is of relatively
minor importance, it probably
contributes to leaf death in the same
way as the septoria diseases.

summer and have been implicated
in late summer asthma.

Symptoms are often seen later in
the season, towards the end of grain
filling, when they are unlikely to cause

Brown lesions occur Perithecia and
_ on older leaves pycnidia develop
Leaves become infected

: within lesions
by rain splash or as \
airborne ascospores ﬂ
Pycnidia (rain splash)
\ Ascospores
DS
g %

Q

Pycnidiospores are \
released from pycnidia %

Perithecia (wind blown)

Overwinters as mycelium
and pycnidia in host debris

Ascochyta leaf scorch (spot) life cycle

the fungus are typically found in late




Barley yellow dwarf virus (BYDV)

Virus
Barley yellow dwarf virus (BYDV)

Crops affected

I T T T T

Hosts

The virus infects all cereals and
grasses. Usually, the disease affects
barley and oats more severely

than wheat.

Symptoms

Infections cause leaf yellowing

and stunting. Initially, symptoms
are confined to individual plants
scattered throughout the crop.
Eventually, distinct circular patches
develop. Sometimes, these patches
can merge to form extensive areas

Wheat plants infected with BYDV can
show yellowing and red tipping of
upper leaves

of infected crop. Red tipping of upper
leaves can also occur. Very early
infections can result in plant death.

Life cycle

The virus, which exists as several
strains, is transmitted by various
species of cereal aphid. The bird
cherry—oat aphid (Rhopalosiphum
padi) is the principal vector in the
South. In the Midlands and the
North, the grain aphid (Sitobion
avenae) is usually more important.

A BYDV-infected patch in wheat




In the autumn, BYDV can be
introduced into cereal crops in
two ways:

1. Indirect transfer by winged aphids,
from grass or volunteer cereals
elsewhere. This is the most

common source of BYDV infection.

2. Direct transfer by wingless aphids,
from grass or on volunteer cereals
that survive cultivation. This is
known as the ‘green bridge’ effect.

BYDV is transmitted in a persistent,
non-propagative manner. This means
that the virus does not pass directly
to the aphids’ offspring and must

be acquired through feeding on
infected host plants. The time
between acquisition and the aphid
being able to transmit the infection

is 12-48 hours.

Individual plants and small

patches aff?
f}\v;l

Direct transfer from
grass (wingless aphids)

BYDV life cycle

Winged aphids spread
virus to other plants

Importance

BYDV is the most economically
important virus in UK cereals. Initially,
only a small proportion of aphids are
likely to carry BYDV. However,
because of the way in which virus
spreads from plants to aphids, even
initial small populations of infected
aphids can lead to significant
economic damage.

The scale of yield loss depends on
aphid activity, BYDV presence and
strain, growth stage at infection and
environmental conditions. In the case
of severe infections, BYDV can cause
losses of up to 60% in winter wheat
and 50% in winter barley. However,
the occurrence of these levels of
infection is rare.

Affected plants with
yellow and reddish
leaves and stunting

\(mw/

Overwinters in grasses
and volunteers




Black-point

Pathogen
Alternaria spp. and Cladosporium spp.
Crops affected
" when | Gaiey | Oms | e | Ticae |
Hosts Life cycle
The pathogens can infect all cereal The disease is associated with
species, although wheat and barley several airborne fungi, including
are most commonly affected. Alternaria spp. and Cladosporium spp.
However, evidence linking these fungi
Symptoms with the disease is limited and
Symptoms are only visible after mostly circumstantial.
harvest. Affected grain shows High humidity or frequent rainfall from
a darkening of the outer coat, the milky-ripe to soft-dough stage and
particularly at the embryo end lodging can often trigger infection by
of the grain. these fungi.
Importance

Although the disease has no
significant effect on yield, it can
seriously affect milling quality.

Grain discolouration can lead to poor
flour, poor bran colour and rejection.

The disease is potentially more
severe on larger grains, and disease
incidence is greater in grains with a
higher specific weight. Larger grains
produce a more open floret, which
potentially allows fungal spores
greater access to the germ end

of the grain.

Darkening of grain at the germ end
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Conidia infect ears post
growth stage 75

@

Airborne conidia CDO%

o

Alternaria spp.

Black point life cycle

L2~

— GRS

Dark brown discolouration at
embryo end of grain

)

Seed infection can cause
poor germination

2l

Overwinters on crop debris
and vegetation




Brown (leaf) rust

Pathogen

Puccinia triticina (formerly known as P. recondita f. sp. tritici),

P hordei and P, recondita

Crops affected
" wneat | arey
Hosts

Wheat (Puccinia triticina), barley
(P hordei), and rye and triticale
(P recondita). The host-specific
pathogens do not cross-infect
with other cereals.

Symptoms

Orange/brown coloured pustules
(about 0.5-1.0 mm in diameter) often
develop in the autumn on early sown
crops. In early infections, pustules are
frequently confused with yellow rust.

Oats

Brown rust symptoms on wheat (left), barley (middle) and

There is greater differentiation

of colour later in the season.
Additionally, brown rust pustules
tend to be scattered at random,
compared with the striped symptoms
of yellow rust. Often seen on the
leaves, symptoms can also occur
on the stem, leaf sheaths and ears,
when infection is severe. When
leaves begin to senesce, a 'green
island' develops around individual
pustules. Dark teliospores may

be produced towards the end

of the season.

| §
rye (right) leaves
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teliospores on rye

Life cycle

The fungus can only grow and
survive on live leaf tissue.

It overwinters mainly on volunteers
and early drilled crops. It spreads
by airborne spores. Dark teliospores
may develop on diseased plant
tissue, indicating a second
developmental stage of the fungus.

The disease is active at 7-25°C

(a wider temperature range than
for yellow rust), with 15-22°C
optimal for sporulation and spore
germination. Surface moisture on
leaves (i.e. 100% relative humidity)
is essential for spore germination.
Consequently, UK wheat brown rust
epidemics normally occur during
mid-to-late summer. At this time,
windy days disperse spores, and
cool nights with dew, favour the

build-up of the disease. Symptoms
can occur 5-6 days after infection

at optimum temperatures. Cold
weather slows disease development
but does not kill the pathogen (unless
the leaf dies). Barley tends to suffer
from brown rust infection earlier in
the spring than wheat. In both crops,
rapid spread can occur in warm
weather later in the season.
Alternative host species exists

for P, triticina but their role is not
significant in the UK.

Importance

There is large seasonal and
geographic variation in brown rust
severity. Cold winters may reduce
its spread. Climate change is
leading to milder winters and higher
than normal spring temperatures.
Consequently, brown rust levels are
now higher earlier in the spring and
found in additional locations

(e.g. further north).

Brown rust in wheat is common in
southern and eastern parts of the
UK, which have relatively high
summer temperatures. Brown rust
tends to develop later in the summer
than yellow rust and results in a
significant loss of green leaf area
and, hence, yield and specific weight.

Brown rust in barley can be
widespread, if conditions are
conducive and there is dense
cropping of barley. Brown rust
epidemics on barley tend to start
earlier in the spring than for wheat.

11



Brown rust is usually more of an attack of brown rust early in the

issue in winter barley than in spring season affects final yield, through
barley, especially in early sown crops  reduced green leaf area and
when the winter is mild. A severe tiller retention.

Pustules of brown uredia Most rapid spread occurs at

erupt from the leaf, / high temperatures late in the
releasing uredospores season
Late in season, black telia

/ form on leaf surface

Teliospores produce basidia
and basidiospores. Aecidial
stage found on alternate
hosts but rare in UK

Slow disease
development in

spring — infection

by windborne \

uredospores Overwinters on volunteers

Brown (leaf) rust life cycle

12



Bunt (stinking smut)

Pathogen
Tilletia tritici

Crops affected

Hosts

The pathogen specifically infects
wheat.

Barley

Symptoms

Bunt symptoms show after ear
emergence. Flag leaves show yellow
streaks, and plants can become
stunted, with squat, dark grey-green
ears and slightly gaping glumes.
Extreme stunting (between
one-quarter and one-half of their
normal height) is a symptom of dwarf
bunt, caused by Tilletia controversa.
In infected ears, grain is replaced

by seed-like 'bunt balls', each
containing millions of greasy, black,

Wheat flag leaf showing typical yellow
streak symptoms

Oats Rye

Triticale

foul-smelling spores. In severe
cases, the whole field may smell

of rotting fish. In wet conditions, a
black ink-like substance may cover
the ears. This occurs when released
spores run out of the protective
glumes onto the ear and stem.

Life cycle

The disease cycle of T. tritici closely
matches that of T. controversa.

The spores on the seed surface
germinate along with the seed.
Each spore produces a short fungal
thread, terminating in a cluster of
elongated cells. These produce
secondary spores that infect the

13



coleoptiles of the young seedlings
before the emergence of the first true
leaves. Conversely, T. controversa
infects plants much later in
development. The mycelium grows
internally within the shoot, eventually
infecting the developing ear. Affected
plants develop apparently normally
until the ear emerges, when bunt
balls replace grain sites.

In damp soil, spores usually
germinate and then, in the absence
of the host plant, die. However, in
dry seasons, they may survive in the
soil (especially if protected within
the glumes of shed ears) from the
harvesting of one crop to the sowing
of the next. Wind-blown spores,
particularly from late-harvested
crops, can contaminate neighbouring
fields. Soilborne spores can invade
seedlings very early in germination.

Importance

As each bunt ball contains millions
of spores, the capacity for
contamination of healthy grain in
the same field is enormous. Thus,

if seed is continually saved and
resown without treatment, the
disease can build up very rapidly.
Dry spores can survive for several
years. Harvesting or handling
equipment contaminated by spores
can introduce the pathogen into seed
lots harvested in following seasons.

The disease is rare in the UK, as

the vast majority of seed receives

a fungicidal seed treatment.
However, the disease can lead

to unsaleable grain, because of
discolouring and smell. Cases
usually arise from sowing untreated
farm-saved seed, although soilborne
infections also occur.

Infection results

in stunted plant
and bunted ear

Mycelium from germinating /

teliospores reaches and follows
growing point of wheat plant

Bunted ear
Intact bunt balls survive
in soil durlng winter Wheat kernel
replaced by

Germinating wheat

kernel infected by
teliospores \

teliospores in

‘bunt balls’
i-*'é>

Bunt balls broken open during
harvesting, releasing teliospores
that overwinter on seed

Bunt or stinking smut life cycle
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Cephalosporium leaf stripe

Pathogen

Hymenula cerealis (Cephalosporium gramineum)

Crops affected

I T S T T

Hosts

The pathogen infects wheat, barley,
oats, rye and triticale.

Symptoms

Affected plants are usually
randomly scattered throughout the
crop. Affected tillers have a single,
distinct, bright yellow stripe on each
leaf, which extends onto the leaf
sheath. All leaves on a tiller usually
show symptoms, but not necessarily
all tillers on a plant. The vascular
tissue close to the nodes is
frequently discoloured. Tillers can
ripen prematurely and produce
white heads.

Life cycle

The causal fungus is soilborne and
enters physically damaged plant
roots. In the UK, this disease used to
be common in wheat following grass,
where high levels of root-damaging
wireworm (Agriotes spp.) were found.
Soilborne conidia normally enter
damaged roots in the winter months
and the fungus grows in the xylem
vessels, blocking the vascular tissue,
particularly at the nodes. The fungus
survives in crop debris returned to
the soil after harvest.

Importance

The disease is common at very low
levels in the UK and does not cause
economic losses.

Leaf stripe symptoms

15



During winter and early Conidia carried by
spring, conidia enter fro xylem lodge and

soil through damaged multiply in nodes \
and leaves

areas of root
Causes leaf stripe
symptoms — usually single
yellow stripe on each leaf

Infected debris remains

S after harvest
Sporangia produce
conidia, which enter soil /

Fungus survives as saprophyte on
straw and other crop debris

Cephalosporium leaf stripe life cycle
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Cereal mosaic viruses

Viruses

Barley yellow mosaic virus (BaYMYV), Barley mild mosaic virus (BaMMV),
Oat mosaic virus (OMV), Oat golden stripe virus (OGSV), Soilborne cereal
mosaic virus (SBCMV)* and Soilborne wheat mosaic virus (SBWMV).

Crops affected

I T S T T

Hosts

These viruses only affect winter-sown
cereals. Each virus has a specific
cereal host, as indicated by the virus
name (*Note: SBCMV only affects
wheat). These viruses do not
cross-infect to other cereals.

Symptoms

A typical symptom is pale yellow
streaks in the leaves, which are
most pronounced during the early
spring — particularly following a
prolonged cold spell. The yellow
streaks may become brown or
purple at the leaf tip with dark brown
flecking. Affected plants can be
stunted. Mosaic disease symptoms
often occur in distinct patches.
Movement of the soil during
cultivations spreads disease within
a field and to other areas.

Life cycle

These viruses are closely related
and all belong to the genus
Furovirus or Bymovirus. They are
all single-stranded ribonucleic acid
(RNA) rod or filamentous viruses.
The soilborne parasitic vector
Polymyxa graminis infects crop
roots and transmits these viruses.

The virus survives within the spores
of the vector and can persist in the
soil, even in the absence of cereal
crops, for many (more than 25) years.

symptoms (BaYMV)

17



Importance

Yield losses of 50% have been
recorded in affected patches of
susceptible varieties. BaYMV and
BaMMYV are very common in the UK.
SBWMYV and SBCMV are present in
the UK, but not common. OMV is
common. OSGV is usually found in
association with OMV. As patches
are quite visible, it is easy to
overestimate affected areas.
However, overall yield can be
reduced substantially as patches ~
spread in successive crops. Close-up of yellow streak symptoms on oats

Patches of yellow stunted plants

Virus particles multiply form in the winter and spring

in the plant Q >

Cp
Polymyxa graminis forms
intercellular plasmodia
and resting spores

Yy &

Polymyxa graminis I
zoospores which I ? Resting spores that form
carry virus particles, 1\_/ in the roots allow the
infect root hairs pathogen to survive for
long periods in the soil

Mosaic life cycle
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Covered smut

Pathogen

Ustilago hordei and U. segetum (U. kolleri)

Crops affected

Hosts the growing point of the plant until

The pathogen species are it colonises the developing ear.

crop-specific. Barley (U. hordei) Covered smut spores can also land

anq oats (U. segetum) are on soil and infect seedlings but

mainly affected. this soilborne phase is short-lived.
Seed is a more important source

Symptoms of infection.

There are no symptoms of the
disease before ear emergence.

At ear emergence, the ears seem
normal, but grains are covered in
a thin membrane. If this is broken,
it can be seen that the grains have
been replaced by masses of black
spores, held in place by an easily
ruptured transparent membrane.
As spores are released, the
symptoms become similar to
those of loose smut.

Life cycle

After ear emergence, some spores
may be released and carried by
wind to neighbouring plants (as in
loose smut). However, many are
retained within their membranous
envelope until the crop is harvested.
During the threshing process, spores
are released and contaminate the
surrounding seeds. Spores remain
dormant on the outside of the seed. Covered smut affected barley ears
When seeds are sown, the spores (healthy ear on right)

germinate and infect the developing

seedling. The fungus develops with

19



Importance

The disease is very rare in the UK.

It is usually only found in crops grown
repeatedly from home-saved,
untreated seed. There is normally a
total loss of grain from affected plants.

Mycelium
invades the
grain sites

> Grain sites replaced by
[ masses of teliospores
Mycelium follows growing
point of oat plant

) Teliospores land on flowers of
Healthy grains / healthy plants and infect

contaminated developing grain

with spores
Mycelium invades \_ @
young seedlings

Mycelium invades embryo
in seed

Covered smut life cycle
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Crown rust

Pathogen
Puccinia coronata

Crops affected

Wheat Barley

Hosts

The pathogen only infects oats and
no other cereal crops. It can infect
several grass species, particularly
ryegrass, but these forms do not
cross-infect oats.

Symptoms

The first symptoms are very similar
to those of brown rust of wheat
and barley. Orange/brown pustules
appear scattered over the leaf
surface. Leaf sheaths and — later —
the oat panicle can also become
infected. High temperatures
(20-25°C) favour disease
development, so epidemics usually
occur in June-dJuly. Late in the
season, black pustules appear within
the existing crown rust lesions.

Life cycle

Orange airborne spores
(uredospores) are produced on
leaves. These can spread to others
plants across long distances.
Black pustules (containing
teliospores) are produced later in
the season. These remain dormant
on crop debris until the spring,
when they germinate to produce
basidiospores.

Triticale

The basidiospores of this fungus
infect the alternate hosts buckthorn
(Rhamnus catharticus) and alder
buckthorn (Frangula alnus).

A third spore type, the aeciospore,
is produced on these hosts, which
can then reinfect oats.

Orange/brown pustules on a leaf surface

21



Importance

The disease is the major disease

of oats. It is favoured by warm

and humid weather and mild winters.
Severe attacks have been more
common in recent years. Such
epidemics can reduce yield

by 10-20%.

Buckthorn leaf showing aecidial stage

Uredia develop

on oat leaves
H
3 ; Uredium
Aecium
Buckthorn

produces

aeciospores

Overwinters on

volunteers and Reinfection of

winter oats oats by

Basidiospores uredospores

Basidiospores !
infect buckthorn Distinctive
and alder buckthorn © teliospores

(alternate hosts) Telia on oats at
) end of season
Overwinters as

teliospores on stubble
Crown rust life cycle
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Dwarf bunt

Pathogen
Tilletia controversa

Crops affected

Hosts Affected leaves may also
occasionally display yellow and

The pathogen affects winter-sown i )
flecked leaves. Microscopic

crops of wheat, barley, rye

and triticale. examination of teliospore morphology
is the primary means of distinguishing
Symptoms Tilletia spp. However, Tilletia spp.

have many varied characteristics,
so spore morphology alone is not
sufficient for their identification.

The symptoms of dwarf bunt are
similar to those caused by bunt,
except that in dwarf bunt affected
plants are more severely stunted to

between one-quarter and one-half Life c.:yCIe
of their normal height. Infected The disease cycle of T. controversa

closely matches that of T. tritici.
Infected plants appear unaffected
until ear emergence. When the ears
emerge, the seeds can be seen to
have been replaced by 'bunt balls'.
These break open during harvest,
contaminating healthy grain (and
soil). When contaminated grain is
sown in the following season, the
spores on the outside of the grain
germinate, eventually reaching the
growing point of the plant. It is at
this stage that infection with

T. controversa differs from that
with T. tritici. With bunt, the fungus
normally infects the plant via the
coleoptile as the seedling is
emerging. However, with

T. controversa, there is a long
incubation period and a requirement
for cool temperatures before the
spores will germinate. As a result,

ears tend to have a more ragged
appearance than with bunt.

Infected ears with slightly 'ragged’
appearance

23



the fungus frequently infects plants
much later in development. Dwarf
bunt can survive in the soil for
many years.

Free spores reportedly remain viable
in soil for at least 3 years, while bunt
balls can survive for up to 10 years.

Importance

This disease is not yet known in the
UK but is of interest because of
evidence of the long-term survival
of bunt in soil. As dwarf bunt can

also survive for long periods in

the soil, the possibility of hybrids
between T. controversa and T. tritici
has been widely debated. Dwarf bunt
occurs in Canada, North and South
America, and many parts of Europe
and Asia. The disease could be
damaging, although seed treatments
commonly used in the UK would
prevent seedborne infection.

Infection results in

stunted plant and
bunted ear

/’

Mycelium from germinating
teliospores reaches and follows
growing point of wheat plant

(

Germinating wheat
kernel infected by
teliospores

~—

Bunted ear

Wheat kernel

@ replaced by
BRI @ teliospores in
‘bunt balls’

Bunt balls broken open during
harvesting, releasing teliospores

Dwarf bunt life cycle that overwinter on seed and soil
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Ergot

Pathogen
Claviceps purpurea

Crops affected

I T N T T

Hosts

There are several strains of the
fungus: some infect grasses and
cereals, whereas others are restricted
to specific hosts. The pathogen
infects all cereal crops. In order of
decreasing susceptibility: rye, triticale,
wheat, barley and oats (infection of
oats is rare). It also affects a wide
range of grasses, particularly
black-grass.

Symptoms

The causal fungus only attacks the
ear at flowering, replacing the grain
in a few spikelets by a hard,
purple/black sclerotium, known

as an 'ergot'. Ergots are formed

Black-grass (left) heads and wheat ears (right) infected with ergot

of a mass of fungal tissue and
have a grey/white interior
(which distinguishes it from
rodent droppings).

Ergots can be large —up to 2 cm in
length — and are obvious in both the
standing crop and in contaminated
grain samples. The first sign of
infection is often droplets of
honeydew during anthesis.

This honeydew can lead to the
development of saprophytic moulds.

Life cycle

Ergot is not a true seedborne
disease, as it is carried neither on nor
in seed. However, it can be spread by
ergots in contaminated lots of seed.

25



Ergots are either harvested with the
grain or fall to the ground. Generally,
ergots only remain viable on the soil
surface for one year in the absence
of host crops, but they may survive
longer in stored grain. In the following
spring, they germinate and produce
mushroom-shaped spore-bearing
structures (stroma). The spores are
spread by the wind to nearby open
flowers of grasses and cereals.

The spores germinate in the flower,
infecting the ovaries. This infection
leads to the production of secondary
spores (conidia) encased in a
sweet-smelling, sticky secretion —
commonly referred to as honeydew.
This attracts insects that carry the
spores to other flowers, where further
infection can occur. Rain splash and
physical contact can also spread the
spores. The fungus then grows in
place of the grain to form the visible
ergot, completing the life cycle.

Perithecia release ascospores,
which infect flowering plants.

Mycelium penetrates ovary tissue > O

N

Germinating sclerotia produce
stroma containing perithecia

\

Ergot life cycle

Secondary
spread from
Ascospores grasses in
infect grasses — honeydew
especially
black-grass

Importance

The disease has very little direct
effect on yield, but the ergots contain
large amounts of toxic alkaloids
(mycotoxins). Contaminated grain,
fed to stock or used to make flour,
can pose a risk to animal and human
health. Such grain may be rejected,
require cleaning or demand a
reduced price. Standards for the
number of ergot pieces exist for
certified seed.

The disease is favoured by cool,

wet conditions during flowering,
which facilitate spore production
and prolong the flowering period.
Late tillering crops, crops with
secondary tillers and more open-
flowered crops are more susceptible.

Improvements in agricultural
practices and milling techniques
(grading, sieving and sorting) have
eliminated the severe epidemic
outbreaks of ergotism in the UK.

Grains
replaced by
| sclerotia

“a\

Sclerotia overwinter in soil
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Eyespot

Pathogen

Oculimacula yallundae (Helgardia herpotrichoides), O. acuformis (H. acuformis)

Crops affected

I T N T T

Hosts

Oculimacula yallundae (W-type) is a
more severe pathogen on wheat and
barley than it is on rye. O. acuformis
(R-type) infects wheat, barley, rye
and triticale.

Symptoms

Although severe and early attacks

of eyespot can kill seedlings outright,
symptoms typically first become
visible in early spring, appearing as

a brown smudge at the stem base.
They have a diffuse margin and
appear on one side of the outer leaf
sheath. Symptoms can be confused
with sharp eyespot and fusarium foot
rot. However, as eyespot is much
more important than these diseases,
correct identification is important.

As the season progresses, symptoms
become more distinct with an
eye-shaped lesion with a dark, diffuse
margin, usually below the first node.
A central black 'pupil' may be visible:
this is a mass of compacted hyphae
and is difficult to remove by rubbing.
Eyespot lesions then penetrate
through the leaf layers. This is
different from fusarium foot rot and
sharp eyespot lesions, which tend to
be confined to the outer leaf sheath
during stem extension. As leaf

sheaths die off during spring growth,
eyespot symptoms may disappear
but can reappear later. Look at stem
bases from the milky ripe stage to
see if eyespot lesions are present.

Severe eyespot infections can
weaken stems around the lesion
and cause lodging — stems can fall
in all directions, as opposed to
lodging caused by wind.

Severe eyespot lesions on wheat
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Alternatively, white heads may form,
where nutrient and water flow is
restricted to the rest of the plant.
Eventually, white heads may be
colonised by sooty moulds and turn
black. The hollow of infected straw is
sometimes filled with a grey fungal
growth in the region of the lesion.

Life cycle

Eyespot inoculum overwinters on
infected stubble and volunteers.

In the UK, the fungus has a sexual
and an asexual phase. The sexual
phase produces ascospores on
stubble after harvest. Dispersed by
wind across long distances, these
spores infect emerging or young
plants throughout the autumn and
winter. The asexual phase produces
conidia on stubble and trash over
the winter. These spores are
rain-splashed short distances onto
cereal stem bases. The presence
of an airborne stage means that
surrounding crops can infect first
wheat crops in the absence of
infected trash. Therefore, the
influence of previous cropping is
not as large as it was thought to be.

The disease can survive on stubble
and trash for three years, especially if
buried. Therefore, a one- or two-year
break from cereals does not always
reduce eyespot risk. Grass weeds
also act as sources of inoculum.

Infection occurs at temperatures
above 5°C, with a daytime optimum
temperature of 15°C and a nighttime

optimum temperature of 10°C.
High temperatures inhibit infection.
Prolonged humid conditions are
conducive to infection. Following
infection, the development of
symptoms normally takes about
12 weeks, depending on
environmental conditions.

Dry weather can cause infected
outer leaf sheaths to shrivel and
die, which may prevent infection
from progressing.

Importance

Eyespot is a common disease

in intensive cereal rotations.

The disease most seriously affects
autumn-sown crops, especially
when inoculum builds up across
the rotation. Spring cereals can also
suffer from infection. The disease
affects wheat more than barley.
Although oats are much less
susceptible, when infected, they can
transfer inoculum between crops.

The disease tends to damage yield
only when the lesion penetrates the
leaf sheath. This restricts water and
nutrient flow to the ear, reduces grain
number and size, and causes white
heads. Associated lodging can also
delay harvest, increase grain
moisture, reduce grain quality

and encourage other diseases.
Moderate or severe eyespot
infections can cause yield loss in
the order of 10-30%, even in the
absence of lodging.
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Lesions cause white-heads
and sometimes lodging

‘Eyespot’ lesions

Conidia splash from debris to
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Sexual stage on straw
debris may result in long
distance spread of

ascospores
Eyespot life cycle
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Flag smut

Pathogen
Urocystis agropyri

Crops affected

Hosts

The pathogen infects wheat and many
grass species; the strain(s) that affect
wheat are specific to that crop.

Barley

Symptoms

Affected plants are severely stunted.
Excessive tillering is common and
often the ears fail to emerge,
remaining within the boot. Plants
show long, dark grey to black streaks
on the leaf blades and leaf sheaths.
The streaks eventually erupt, giving

Streak symptoms on a wheat leaf

Oats Rye

Triticale

the leaves a ragged appearance and
exposing the black teliospores.

These teliospores are then dispersed,
making plants look as though they are
covered in soot.

Life cycle

The teliospores released from the
leaves can either be blown onto grain
of healthy plants, contaminating the
grain, or they can drop to the soil
where they are very persistent,
surviving up to four years.

Black teliospores on a wheat leaf
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When contaminated grain is sown,

or if healthy grain is sown into
contaminated soil, the teliospores
germinate, producing a secondary
spore type: the sporidia. These spores
penetrate and infect the coleoptiles of
germinating wheat seedlings, growing
inside the plant and eventually
producing the typical striping of

the upper leaves late in the season.
The fungus gives rise to a new
generation of teliospores, which

can survive in soil for several years.
Therefore, even if a break from cereals
occurs, subsequent wheat crops can
become infected.

Importance

The disease is considered a problem
on autumn- (but not spring-) sown
wheat in countries with arid summers

-

Sporidia germinate in
autumn and spring;
mycelium infects seedlings

Sori develop between
veins on leaves

/ and glumes
Fungus grows

systemically within plant

Teliospores germinate, forming
promycelium and sporidia

Flag smut life cycle

Germinating teliospore

and mild winters. It occurs in some
European countries and in Australia,
Canada and the USA. However, it
was not known in the UK until 1998,
when an outbreak was confirmed in
Essex. The disease is not particularly
damaging, unless present at high
levels, but it can have serious
consequences for exporting grain or
wheat products. Many countries have
quarantine restrictions prohibiting
the import of wheat products from
countries in which the disease is
established. The disease is favoured
by minimal cultivation practices,
which leave plant debris on the soil
surface. One- to two-year breaks
from wheat can reduce inoculum
levels and deep ploughing can help
to remove inoculum from the
emerging seedlings.

A%

Sori erupt,
releasing

spore balls
containing
teliospores

Spore balls

Overwinters as spore balls
on seed in the soil
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Foot rot

Pathogen

Cochliobolus sativus (Drechslera sorokiniana)

Crops affected

I T T T T

Hosts
The disease affects all cereals.

Symptoms

The fungus causes disease
symptoms similar to those caused
by Fusarium spp. Seedborne
infection can result in seedling death,
although infected plants usually grow
to maturity. Affected plants show
brown spotting on the lower leaves

and, if severely affected, can show
stem-base rotting and poorly filled
ears. This severe symptom is rare
in the UK.

Life cycle

The fungus behaves like

Fusarium spp. It is both soilborne
and seedborne, and can survive
on crop debris and grass weeds.

It infects seedlings as they emerge,
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occasionally producing a seedling
blight. More commonly, it infects
roots of seedlings, allowing the
plant to survive. Leaf spotting and
stem-base infections produce
splash-borne spores, which can be
carried to emerging ears, resulting
in seed infection.

Importance
This is traditionally a disease of hotter

climates than that of the UK, bu