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Fig. 1b. Oat aphid Fig. 1c. English Grain aphid Fig. 1d. Rose grain aphid

Other insect pests

Except for aphids, Bollworm (Helicoverpa armigera), Grain chinch bug
(Macchiademus diplopterus), Grain slug (Lema erythrodera) and Black sand mite or
red-legged earth mite (Halotydeus destructor) are considered sporadic, secondary
pests of small grains in the winter rainfall region.

Bollworm

The adult moths are light brown to grey with a wingspan of about 20 mm. The
moths fly at dawn and dusk laying their eggs directly on the plant. Young larvae of
early season generations initially feed on the chlorophyll of leaves, later migrating
into the head to feed on the developing kernels. Moths of later generations deposit
their eggs directly on the head. Final instar larvae can vary from bright green to
brown and have a characteristic lateral white stripe on either side. The larva can
reach up to 40 mm in length and can cause considerable damage, especially in terms
of quality loss and subsequent downgrading of grain. The presence of bollworm is
generally noticed only once the larvae have reached the mid-instar stage inside the
ear. Producers should monitor their fields in order to detect the younger larvae,
as the older, more mature larvae, are generally less susceptible to insecticides and
obviously cause more damage compared to small larvae. Chemical intervention can
be considered when 5-8 larvae per square meter are present. However, producers
should take care in applying the correct dose of registered insecticide under weather
conditions conducive to insect control. Waiting periods after applying insecticide
should also be adhered to.

Grain chinch bug

These narrow elongated bugs are sap-feeders and measure 4-5 mm in length. The
eggs are deposited in rows of up to 150 on the leaf sheaths and the young wingless
nymphs with yellow to orange coloration appear during spring. Both nymphs
and adults feed by extracting sap from the host plant leading to a slightly yellow,
withered appearance. Sap may also be sucked from the seed. Damage is more
pronounced under warm, dry conditions as stressed plants have a lower ability to
tolerate/recover from chinch bug damage. During early summer adults migrate to
alternate host plants where they over summer before re-infesting the wheat crop
during the winter. Although no insecticides are registered against this insect on
wheat, the closely related false chinch bug, Nysius natalensis, does have systemic
insecticides registered. However, no threshold values are currently available for
either species on wheat.
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Leafminer

A small black leaf miner fly, Agromyza ocularis (Fig 2a), infests wheat and barley
crops under irrigation in the Northern Cape, North West and the Western Free
State. They have spread during the past two years to the dryland production areas
of the Western Cape, where a single early cycle is occurring mainly on barley. They
do not occur in large numbers later in the growing season. At the early stage of
infestation, they mine only in the first leaves and then pupate in the soil causing no
noticeable damage to the crop. The female drills holes in leaves with her ovipositor
and eggs are laid in some, while the rest of the holes (oozing plant sap) are used for
feeding. Larvae hatch and feed inside the leaf while they burrow through it, leaving
only the two epithelial cell layers as a safe environment for survival. The mined part
of a leaf is dead and turns brown with time (Fig 2b) and can’t be revived by spraying
insecticides. The fully grown larvae escape from the leaf and pupate in the soil (Fig
2c). The adult flies hatch from the pupae at a later stage. Although the damage to
the plants is noticeable, no significant damage could be measured during field trials

and therefore spraying should only be considered in very severe cases.

Fig. 2a. Adult leaf miner fly Fig. 2b. Mined portion of the Fig. 2c. Leaf miner pupa
wheat leafs which turned brown

Grain slug

Although the name implies otherwise, this is not a slug but the larva of a metallic
green beetle. The adult measures about 5 mm in length and occurs on cereals from
June onwards. Eggs are deposited in groups of 2-5 in rows along the main vein of
the leaf. The larvae are pale, but soon cover their bodies with a blackish substance
giving them a slug-like appearance. The larvae feed between the veins resulting in
white longitudinal stripes developing on damaged leaves. Currently, no insecticides
are registered for the control of grain slug on wheat.

Black sand mite or red-legged earth mite

These are small black mites, 0.5 mm in length with red legs, first appearing after
good autumn or winter rains. The mites feed on plant sap resulting in silvery
white scars adjacent to the main vein of especially older leaves. High infestations
could lead to dying off of small plants. The mites over-summer in eggs retained by
the female inside her body until after her death. A single systemic insecticide is
registered although no threshold value is available.
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DISEASES OF SMALL GRAINS

Diseases of small grains affect small grain production by reducing yield and
impairing quality. To maximize profits, producers need to understand the influences
that diseases have on crop potential. The purpose of this section is to assist with the
identification of small grain diseases most commonly found in the winter rainfall
areas of small grain production. The information contained here is intended to
increase the producer’s knowledge of small grain diseases and so indirectly assist
with the control of the plant diseases that they may encounter.

A single fungal pathogen may infect a range of small grains, while other small grain
pathogens may be confined only to infecting a specific host. Additionally, cultivars
may vary in their susceptibility to different diseases. In this section, the most
important diseases of small grains in the winter rainfall areas are discussed. After
the scientific name of a certain disease, the hosts that are attacked by the specific
disease are listed. Advice is given on means of control. In the case of chemical
control, the active ingredients registered in South Africa against the disease are
listed in Tables 4 to 6 (p135 & p136).

Leaf and stem diseases
Rust variability

All three types of rusts (stem rust, stripe rust and leaf rust) can be effectively
controlled using resistant cultivars. However, fungi that cause wheat rusts are
variable consisting of several strains (races) which differ in their virulence to
different wheat cultivars. New virulent races emerge mostly through mutation of
local races and/or through introduction from other countries. Such new races can
overcome resistance in existing cultivars thereby making them susceptible to rusts.
There is sufficient evidence in South Africa and other countries which indicates that
new rust races may result in epidemics and significant yield losses. The complex
biology of rusts causes their frequency and distribution to vary from season to
season and between different wheat growing regions (Fig 1 and 2). For instance, Fig
1 shows that TTKSF is the most widely found stem rust race in South Africa, being
observed in all the major wheat growing regions. In contrast, race TTKSP is found
only in the Western Cape and race PTKST only in the Free State and KwaZulu-Natal.

Similar to stem rust, differential distribution of leaf rust races has been observed
in South Africa (Fig 2). For example, race CBMS has been detected only in the
Western Cape and Eastern Cape but race MCDS has been found in the Free State,
Eastern Cape and KwaZulu-Natal. In addition, most of the leaf rust races shown in
Fig 2 were new, being detected for the first time in South Africa during 2009 and
later, indicating that the identity of rust races observed in different wheat growing
regions could change in time.

Stripe rust was detected for the first time in South Africa in 1996. It gradually
spread to the remaining wheat growing areas and presently, it has become a major
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Fig 1. The distribution of common stem rust races in the major wheat growing
areas of South Africa

production constraint in the cool weather wheat growing areas such as the Eastern
Free State. Like stem and leaf rust, stripe rust has also evolved into different races.
To date, four races of stripe rust (6E16A-, 6E22A-, 6E22A+ and 7E22A-) have been
recorded in South Africa. The most frequently and widely found stripe rust race in
recent years is 6E22A+.

Collaborative studies between ARC-Small Grain and the University of the Free State
indicate that some of the stem and leaf rust races recently detected in South Africa
were most probably exotic introductions rather than local adaptations. One or more
of these new races were detected also in Southern African countries like Zimbabwe,
Zambia, Mozambique and Malawi, indicating that they were probably introduced
into South Africa from neighboring countries through wind-borne rust spores and/
or via other mechanisms.

As mutations and migration of new rust races cannot be stopped, the rust monitoring
programme at ARC-Small Grain has been regularly conducting rust surveys to
mitigate the negative impacts of constantly evolving rust fungi. From such surveys,
the frequency of races and their distribution in the major wheat growing areas
have been determined (Fig 1 and 2). This has also helped in the early detection and
control of new rust races, which might pose a threat to commercial wheat cultivars.
In addition, new races detected through surveys allowed identification of effective
resistance genes that could be used in breeding and deployment of new resistant
cultivars.
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Fig 2. The distribution of common leaf rust races in the major wheat growing

areas of South Africa

Rust pathogens will continue to evolve and form new races that may result in
economic losses. Therefore, rust monitoring will be ongoing at ARC-Small Grain to
ensure timeous detection and control of new races and to generate information
that will enable sustainable breeding and availability of resistant cultivars. It is also
important for wheat producers to regularly monitor their wheat fields for signs of
rust diseases. Severe rust infections on cultivars that are supposed to be resistant
could be due to the emergence of new races. When unusually high rust levels are
observed on previously resistant cultivars, infected leaf and stem samples should
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be sent to ARC-Small Grain, Bethlehem, for race identification.

Mildew

Powdery mildew

Erysiphe [Blumeria] graminis f. sp. tritici —
Erysiphe [Blumeria] graminis f. sp. hordei —

wheat
barley

Erysiphe [Blumeria] graminis f. sp. avenae — oats
Erysiphe [Blumeria] graminis f. sp. secalis — rye

Powdery mildew (photos 8 and 9) is a very common disease of cereals worldwide.
Symptoms are most often seen on leaves and include fluffy white pustules that
become grey as they age. As the infection progresses the white fungal growth can
cover the whole plant. These pustules can be scraped off the surface of the plant,
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1. Uredinia of stem rust 2. Uredinia of stem rust 3. Uredinio-spores and
on an oat stem telio-spores (black) of on wheat
stem rust on a wheat
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on a wheat ear

5. Uredinia of stripe rust 6. Uredinia of stripe rust 7. Stripe rust infection 8. Cottony white growth
on a wheat leaf on wheat spikelets causes a yellow of powdery mildew on a
discolouration of the barley leaf
ears
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Symptoms of small grain diseases (Photos by Dr Ida Paul)
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13. Oats ear infected with
with loose smut

loose smut
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as the infections are very superficial. Later in the season, black dots may be found
embedded in the white pustules. These dots are the fruiting bodies of the mildew
causing fungus. The fungus survives non-crop seasons as dormant mycelium or
as fruiting bodies on host debris or volunteer crops. Conidiospores formed on
volunteer plants form a major source of inoculum. The disease is more prevalent
in densely planted fields that are over fertilised. In the United Kingdom, up to 25%
loss in yield has been recorded, however yield losses in South Africa have not been
measured. Small grain producers should take note that powdery mildew can cause
losses if not controlled. The foliar application of fungicides is a reliable method of
controlling the disease and it is widely practiced.

Spots and blotches

Scald or Leaf Blotch
Rhynchosporium secalis - barley, rye

Scald is mainly a disease of barley (photo 10) but can also occur on rye. It is common
in the cooler areas of barley production. Symptoms include pale grey patches on
the leaf surfaces that enlarge within a few days. These patches then take on a
brown colour and a dark brown edge develops around the lesions. Eventually, the
symptoms may cover the whole leaf and as a result, the leaf dies. Scald may lead
to great yield losses. The initial source of inoculum often comes from small grain
cereal debris, on which the fungus sporulates and the spores are disseminated to
infect barley plants. However, the pathogen can also survive the non-crop season
on volunteer plants. This disease is seed borne and planting disease free seed will
supress the disease to a certain extent. Removal of volunteer plants and barley
residues that may harbour the pathogen is an important measure of controlling
the disease. The correct application of foliar fungicides can also greatly reduce the
levels of scald infection.

Net blotch
Pyrenophora teres — barley

Net blotch (photos 11 and 12) only occurs on barley and it does not infect other
small grain cereals. In South Africa, net blotch mainly occurs in the dry land barley
cultivation areas of the Western Cape. The occurrence of the disease is strongly
related to environmental conditions. The disease expresses two kinds of symptoms.
The net form symptoms are dark brown streaks across the length of the leaf with
a net-like appearance, while the spot type symptoms are brown to black elliptical
lesions. Both the symptom types may be surrounded by dead tissue that is also
known as necrotic tissue. Either one of these symptoms or both may appear on the
barley leaves. The main source of inoculum is infected stubble, but seed can also
be infected with net blotch. Ascospores (sexual spores) from the fruiting bodies on
infected residue may cause primary infections, but conidiospores (asexual spores)
that form on the infected leaves are mostly responsible for the initiation and spread
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of the disease. High infections of net blotch can cause significant losses in yield,
of up to 30%, and reduce the quality of the barley. The disease is controlled by
planting high quality disease free seed, disposing of volunteer plants and crop
residue that serve as a source of inoculum and by the use of seed treatments and
foliar fungicide applications. Although resistant cultivars may also be planted as a
measure of control, such cultivars are not available in South Africa.

Septoria diseases

Several species of Septoria are pathogens of small grains. In many wheat growing
areas, these diseases are of significant economic importance. Septoria diseases
occur more frequently in areas where crops are planted densely and receive great
amounts of fertiliser. Different Septoria diseases may occur in combinations within
fields and on individual plants. The diseases are difficult to differentiate from each
other without careful microscopic examination of the fruiting bodies and spore
morphologies. The Septoria complex is believed to destroy two percent of the
world’s wheat annually. It reduces seed set, impairs seed filling and shriveled grain
is lost with the chaff at harvest time. Greatest losses are incurred when significant
disease infections occur before heading. The pathogens are weakly virulent on
barley, rye, triticale and other wild grasses, but lesions are small and sporulation of
the fungi are restricted.

Septoria leaf and glume blotch Septoria tritici - wheat, triticale

Septoria leaf blotch is a common disease of especially wheat in areas where wet
and windy conditions prevail during the growing season. It occurs frequently in the
wheat production areas of the Western Cape. Two different pathogenic organisms
can cause Septoria leaf blotch and the symptoms vary slightly. When the plant is
infected by Septoria tritici, leaf lesions first appear as small brown spots, which
develop in a longitudinal direction along with the veins of the leaf and later form
elongated ovals. These lesions develop grey water soaked areas in the centre in
which black pycnidia, the fruiting bodies of the fungus, are formed. Lesions may
merge gradually as the season progresses and can affect the majority of the leaf
area and cause severe necrosis.

Similarly, when the plant is infected with Stagonospora nodorum, oval lesions that
coalesce to form larger areas of necrotic tissue form on the leaf. However, the
distinctive black pycnidia, or fruiting bodies, that form on the inside of the lesion
when it is infected with Septoria tritici cannot be seen and these lesions are often
surrounded by a clearly visible yellow chlorotic halo. During prolonged wet weather,
masses of pink spores are exuded by the pycnidia of Stagonospora nodorum.
Septoria leaf blotch lesions first appear on the lower leaves and dependent on
favourable environmental conditions, spread to the upper leaves. These pathogens
survive the non-crop season on cereal stubble and debris and on volunteer plants.
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Septoria leaf blotch can lead to devastating crop losses. As the crop matures the
Stagonospora nodorum pathogen becomes more aggressive and nodes and glumes
are infected. [Stagonospora nodorum (previously known as Septoria nodorum) only
infects the leaves of rye plants, and not the heads]. The glume blotch infection
starts at the tips of the glumes and lemas as grey discolouration across the glume
with a brown lower border. The disease develops in a downward direction and the
lower brown border is replaced by grey discolouration. Pycnidia, the fruiting bodies
of the fungus, can form within these lesions. An important measure for control
of the disease is crop rotation with broad leaf non-host plants and disposal of
contaminated crop debris. Genetic resistance is an important measure for control
of the disease, although several of the cultivars planted in the Western Cape are
susceptible to Septoria leaf blotch. The correct application of foliar fungicides to
control the Septoria diseases can be highly effective.

Ear and grain diseases

Fusarium head blight (Gert van Coller Dept. of Agriculture, Elsenburg) Fusarium
graminearum (previously known as F. graminearum Group 2) - wheat, barley,
triticale, oats

Fusarium head blight is one of the most important diseases of wheat, barley and
triticale in most grain producing regions of the country. The disease is less important
in the Western Cape, although it does occur here. It is especially important in
regions where small grains are produced under irrigation. Infection of florets take
place as a result of spore release and high humidity during flowering. The disease
is characterised by the discolouration of infected florets about 2-3 weeks after
flowering. The florets become light coloured and appear blighted. Under high
disease pressure the whole wheat head may become infected. The symptoms
become less visible as the heads ripen. Infected kernels become shrivelled and
contain much less starch and proteins than uninfected kernels. Fusarium head
blight can be distinguished from take-all (which also occurs under irrigation) where
the entire tiller and head dies and whitens, as opposed to Fusarium head blight
where the tiller still remains green and bands of blighted florets form on the wheat
heads. The fungus survives primarily on crop residues; therefore retention of
stubble is needed for the fungus to survive. It is important to note that the fungus
can also infect maize and production systems where barley and wheat are produced
in rotation with maize, can lead to higher disease pressure in subsequent years.
Chemical applications with fungicides can help to manage the disease; however,
there are currently no fungicides registered against Fusarium head blight in South
Africa. Research to evaluate different fungicides as well as methods of application is
underway. Resistant cultivars are currently not available in South Africa.

Bunts and smuts

Smuts and bunts infect small grain cereals and several grass species. These fungi
produce masses of black spores that partially or completely replace the heads,
spikelets and kernels. In South Africa, these diseases are controlled by the routine
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application of seed treatments by seed distributing companies. Farmers who retain
seed to plant must use seed dressings against bunts and smuts. Failure to treat
seed, in order to save on input costs, leads to the increased incidence of these
diseases.

Loose smut

Ustilago tritici — wheat
Ustilago nuda — barley
Ustilago avenae — oats

Loose smut (photo 13 and 14) is a common small grain disease that occurs widely
in areas where wheat, oats and barley are grown. Symptoms are not apparent until
ear emergence. Infected ears emerge earlier, have a darker colour and are slightly
longer than those of healthy plants. Infected spikelets are transformed into powdery
masses of dark brown teliospores. Within a few days, the spores are blown away
and only the rachis remains. When a spore lands on a flower of a small grain plantin
the surrounding area, it germinates and infects the reproductive tissues of the grain
so that the embryos of developing seeds are also infected. The fungus then survives
as dormant hyphae in infected seed. Infected seeds are not visually different from
healthy seed. After seed germination, the fungus forms a systemic infection in
the plant and later, as the plant approaches heading, the fungus penetrates the
head tissues and converts it to a brown powdery mass of teliospores. Yield losses
are roughly equal to the percentage of infected ears. In contrast to stinking smut
(Tilletia spp.), the quality of the harvested grain is not affected. In the Western
Cape, this disease is effectively managed by the application of seed treatments
(Table 6), although some seed treatments may impede seed germination. The use
of high quality, disease free seed is also an effective way of controlling the disease,
as the only source of inoculum is infected seed.

Covered smut
Ustilago hordei - barley, oats, rye

Covered smut is a common disease of mainly oats and barley, but it also infects
rye and other wild grasses. Symptoms are not obvious until after ear emergence.
Smutted heads emerge later than healthy heads and may become trapped in the
flag leaf sheath and fail to emerge. With severe infections, plants become dwarfed.
Parts of the infected ear or the whole ear are transformed into powdery masses
of dark brown spores, known as teliospores, which are covered by a persistent
membrane. The covered smut fungus survives in soil and on the surface of
seed. The fungus infects the germinating seed through the coleoptile. After seed
germination, the fungus forms a systemic infection in the plant and later, as the
plant approaches heading, the fungus penetrates the head tissues and converts it
to the brown powdery masses of teliospores. The teliospores are generally released
at harvest, when this membrane is disrupted. The dark powder from the teliospores
discolours grain and affects grain quality and marketability. Covered smut is of
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economical importance in areas where seed treatments are not routinely used.
Several systemic and protective seed treatments are registered for the control of
covered smut in South Africa (Table 6).

Karnal Bunt
Tilletia indica - wheat, triticale

Historically, Karnal bunt did not occur in South Africa. It was identified for the first
time in December 2000 from the Douglas irrigation area. Currently, measures are in
place to restrict the spread of this disease throughout the country. These measures
include testing of registered seed units and commercial grains for the presence of
teliospores and quarantine regulations on the transport and entry of grains to mills
and other delivery points. Since Karnal bunt is regarded as a quarantine disease
according to South African regulations, all occurrences of this disease should be
reported to the National Department of Agriculture (NDA).

Karnal bunt infected kernels appear blackened, eroded and emit a foul ‘fishy’
odour. In infected spikes, the glumes may also appear flared and expose bunted
kernels. Spikes of infected plants are generally reduced in length and in number
of spikelets. However, only a few florets per spike might be affected and it may be
difficult to identify the disease in the field, as the whole ear does not necessarily
become infested. Microscopic examination of the seed to detect the presence of
the teliospores is a more reliable method of identification. The primary inoculum
source is soil or seed contaminated with teliospores. These teliospores germinate
and generate another kind of spore, known as basidiospores. One teliospore can
produce up to 200 basidiospores that germinate and infect the head tissues of the
plant. The infection is localised and not systemic as with loose smut and covered
smut. Individual fungal cells within the kernel are converted to teliospores and
parts of, or the whole of the diseased kernel is completely displaced by masses of
teliospores as the kernel matures. Karnal bunt is of economical importance mainly
due to the reduction in flour quality of grain infected with the disease. The flour will
have a disagreeable odour and depending on the percentage infection, be darkened
by the teliospores. This disease does not lead to yield losses as such. Karnal bunt
is difficult to control. A first measure of protecting plants is preventing the entry of
the pathogen to a certain area. Therefore, it is of utmost importance to adhere to
guarantine regulations and to plant seed that has been certified to be disease free.
Some fungicides applied at ear emergence may reduce the incidence of the disease
but it is unlikely that they will prevent infection.

Stem base and root diseases

Fusarium crown rot (Dr Sandra Lamprecht, ARC-Plant Protection)

Fusarium pseudograminearum (previously known as F. graminearum Group 1) —
wheat, barley, triticale

Fusarium crown rot is one of the most important soilborne diseases of wheat, barley
and triticale in the Western Cape, but it is also present in other small grain producing
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areas in the country. The disease is especially important in areas where wheat is
cultivated under dryland conditions. Oats is susceptible, but is a symptomless host.
The disease is characterised by the honey-brown discolouration of the lower parts
of the ftillers and necroses of the crown tissue and subcrown internodes. A pink
discolouration can sometimes be observed under the lower leaf sheaths. The most
characteristic symptom is, however, the formation of whiteheads, but this depends
on water stress during grain fill. The disease can be confused with take-all which
also causes whiteheads. The fungus requires moisture for infection, but subsequent
disease development is favoured by moisture stress. The fungus survives primarily
on crop residues between host crops and the retention of stubble therefore favours
its survival, especially where small grain crops are grown in monoculture. The
disease is therefore favoured by conservation tillage which is increasingly adopted
by small grain farmers. Fusarium crown rot can be reduced with an integrated
disease management strategy which include practices such as crop rotation
with non-host crops (broadleaf crops such as canola, lupin, medic, lucerne etc.),
control of grass weeds (most grass weeds are hosts), alleviation of zinc deficiency
and reduction of moisture stress by practices that conserve soil moisture such as
conservation tillage. Research conducted in the Western Cape showed that rotation
systems where wheat was planted after 3 years of broadleaf crops had the lowest
incidence of this disease. Resistant cultivars are not available, but tolerant cultivars
with partial resistance have been identified in other countries such as Australia.
South African wheat and barley cultivars will be evaluated for resistance/tolerance
in the near future.

Take-all

Gaeumannomyces graminis var. graminis - wheat, barley, rye, triticale
Gaeumannomyces graminis var. tritici - wheat, barley, rye
Gaeumannomyces graminis var. avenae - oats

Take-all (photo 15) occurs widely throughout the small grain producing areas in
South Africa. This disease affects the roots, crowns and basal stems of small grains,
wheat in particular, and wild grasses. It is an important disease in areas where wheat
is cultivated intensively, the soil pH is neutral or alkaline, moisture is abundant and
soils are deficient in manganese and/or nitrogen. Mildly infected plants appear
to have no symptoms of the disease, while more severely infected plants ripen
prematurely and are stunted. Take-all symptoms are more apparent during heading,
as infected plants are uneven in height, die prematurely and plants discolour to the
colour of ripe plants. A typical take-all infestation is characterised by the appearance
of patches of white heads amongst areas with healthy green plants before ripening.
The heads that ripen prematurely tend to be sterile or to contain shriveled grain.
Diseased plants pull up easily. Roots appear blackened and brittle and lower stems
may take on a black colour, which is indicative of the disease. The pathogen persists
in infected host residues from where the ascospores can act as sources of inoculum.
Roots growing near infected residues become infected and early infections may
progress to the crown. The disease is favoured by poorly drained soils, high seedling
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densities and high organic matter content in the soil. As the pathogen is favoured by
wet conditions, the disease is more prominent in wet years or in irrigated fields. If
conditions become dry, the pathogen becomes less active. The best way to control
take-all is by crop rotation. A one-year break from barley or wheat can be sufficient
to control the disease. Volunteer plants, grassy weeds and crop residues, that may
harbour the pathogen, should be destroyed. A newly registered seed treatment
Galmano Plus® can be applied to support root health and decrease the incidence
of take-all. Take-all can also be controlled to a certain extent by ensuring that the
wheat plants have sufficient nutrients to promote healthy root growth.

Eyespot, Strawbreaker

Helgardia herpotrichoides - wheat, barley, oats, triticale
Helgardia acuformis - wheat, barley, rye

Eyespot (photo 16) is a disease that affects the crown of the small grain plant. Wheat
is more susceptible than other small grains and wheat grown in the winter rainfall
areas of the Western Cape are more often affected than the wheat cultivated in
other areas. The disease is more prevalent in early sown, over fertilised crops and
in areas with moisture retentive soils. After infection, the symptoms are not visible
for up to a few months. The characteristic eye-or lens-shaped eye spot lesion only
appears on mature wheat. This light brown lesion generally appears below the first
node. Grey mycelium of the fungus can also be found inside the stem cavity. The
disease does not kill plants as such, but weakens the individual tillers so that the
tillers lodge and complicates harvesting of the fallen heads. Lodging of the plants
is a result of a breakage in the stem at the point of the lesion. Kernel size and
number is also reduced. Severe eyespot may lead to premature ripening of the
ears. Eyespot inoculum (asexual spores), arises from cereal stubble and debris and
is dispersed by the splashing of raindrops. The spores infect coleoptiles and leaf
sheaths and secondary conidiospores form within four to 12 weeks. The secondary
conidiospores do not contribute to the epidemic, but rather serves as a source of
inoculum for the following season’s crop. Control of eyespot includes the ploughing
or burning of small grain cereal crop residues. Crop rotation, away from a host for
2 years will lead to a decline of the inoculum present on residues. Eyespot can
successfully be controlled by the timely application of fungicides. In South Africa,
resistant cultivars are not commercially available.

Wheat disease updates
Wheat blast: an emerging threat to global wheat production

A fungal disease named wheat blast was reported for the first time on wheat in
1985 in Brazil. Under conducive moist and warm weather conditions, this disease
can cause more than 70% yield loss on susceptible cultivars. Wheat blast can infect
leaves and heads of wheat. On wheat heads, infection starts as brown to black
spots and gradually the entire spike, above the infection points, will dry and become
straw-coloured (Fig 3). Depending on the severity of the disease, infected heads
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may completely fail to produce any grain or may produce poor quality, shrivelled
grains. Although blast symptoms resemble that of Fusarium head blight (FHB), the
former lacks the characteristic pinkish discolorations which develop on wheat ears
infected by FHB. On leaves, blast symptoms appear as different sizes of round to
elliptical spots with gray centres and reddish brown margins (Fig 4).

Fig 3. Blast signs on wheat heads (Source: Fig 4. Sign of blast on a wheat leaf collected in
compendium of wheat diseases and pests, 2010) Bangladesh (Source: http://phys.org/news/2016-04-
scientists-issue-rallying-wheat-blast.html)

The wheat blast fungus produces spores which can be dispersed over long distances
in air currents. The disease is also seed-borne and can spread through infected
seeds. A few years after the first epidemic in Brazil in 1985, wheat blast has spread
to other South American countries including Bolivia (in 1996), Paraguay (2002) and
Argentina (2007). However, it had not been reported outside of South America until
February 2016 when a severe epidemic of this disease was observed for the first time
in Bangladesh (Asia), affecting over 15 000 hectares of wheat and resulting in about
90% vyield losses in certain fields (www.cimmyt.org/wheat-blast/), threatening the
livelihood of hundreds of millions of people in South Asia who consume over 100
million tons of wheat, annually. It is therefore highly likely that wheat blast could
also spread to other regions including Africa.

In South Africa, stripe rust of wheat was detected for the first time in 1996. In
addition, some of the new races of leaf and stem rust, which were identified in
recent years, were believed to be introductions into South Africa from other
countries. This evidence underscores the vulnerability of the South African wheat
industry to diseases of exotic origin and points to the possibility that sooner or later,
wheat blast could make its way to South Africa.

A few blast-tolerant cultivars have been identified in South America. To a limited
extent, fungicides can also provide protection from this disease. As a proactive
measure, it is important to source and import resistant material for use in breeding
programmes in South Africa. In addition, a well-organised disease surveillance
programme should assist in the early detection of wheat blast as this would
enable preparation and application of control measures, reducing the risk of the
disease developing at epidemic level. The ongoing rust surveillance programme at
ARC-Small Grain is closely monitoring major wheat growing regions for possible
occurrence of this disease. It is also essential that wheat producers and institutions
working on wheat inspect commercial wheat fields and experimental plots for blast
symptoms. When wheat blast is suspected, samples can be sent to ARC-Small Grain,
Bethlehem for diagnosis.
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Control of Fungal Diseases
Genetic control of fungal diseases

Breeding for resistance is an economically important and environmentally friendly
way of controlling fungal diseases of small grains. The objective of breeding
programmes is the incorporation of resistance genes into agronomically well
adapted cultivars. The susceptibility or resistance of some wheat cultivars to some
diseases are indicated in Tables 1 to 3. However, no one cultivar can be resistant
to all the fungal diseases that might infect it. Therefore, fungicides remain of
importance in the production of small grains in South Africa.

Table 1. Disease resistance or susceptibility of wheat cultivars recom-
mended for dryland cultivation in the Western Cape production region

Cultivar Stem rust Leaf rust Stripe rust
Baviaans (&R S MS R
PAN 3408 (P8%) MS/S MS R
PAN 3471 (P8R S MR/MS R
Ratel (P8R MR MS R
SST 0117 (P8R S S MR
SST 0127 (P8R MR/MS MR/MS R
SST 0147 P8R R R R/MR
SST 015 (PER) S MS R
SST 027 (PR MR/MS MS R
SST 056 (PR MS MR MR
SST 087 (PR S S R
SST 096 (PER) S MS MR
SST 88 (P8R S S MR
Tankwa P8R MS R R

R = Resistant MR = Moderately resistant S = Susceptible MS = Moderately susceptible

PBR: Cultivars protected by Plant Breeders’ Rights

Variation in rust races may affect cultivars differently. Reactions given here are based on existing data for the most

virulent rust races occurring in South Africa. Distribution of races may vary between production regions.
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Table 2. Disease resistance of barley cultivars in the Southern Cape

Cultivars Leaf blotch NNeitbe(:)rtTh Leaf rust Spoilz;l‘g:(r; Net
SabbiErica S S S
SabbiNemesia S S R S
Agulhas S MS MR MS
Hessekwa R MS R MS

S = Susceptible MS = Moderately Susceptible

MR =  Moderately resistant R = Resistant

Table 3. Resistance or susceptibility of oat cultivars to leaf diseases

Cultivar Crown Rust Stem Rust
Overberg S MS
Heros S

Sederberg S

Pallinup S

Kompasberg S MS
SSH 405 S

SSH 491 MR

R = Resistance

MR = Moderate resistance

MS = Moderately susceptible

Chemical control of fungal diseases

S = Susceptible

Fungicides are routinely used to control small grain diseases that are caused by
fungi. In South Africa various active ingredients are registered for the control
of foliar diseases on small grains (Tables 4 and 5). Several active ingredients are
registered for the control of seed and/or soil borne diseases (Table 6).

In order to apply fungicides successfully for disease control, the following aspects
must be taken into account:

e The disease and causal organism of the disease should be identified correctly;

e Afungicide registered against the observed disease should be chosen;

e The susceptibility of the particular cultivar to the disease should be considered;

* In most cases resistant cultivars will not need fungicide protection against the
disease to which it is resistant, unless new races of the pathogen develop;

e Timing of application is critical. One application at the correct timing can give
more protection to the plants than three badly timed spray applications;
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e Protection of the flag leaf is important, as this leaf greatly contributes to the
productivity of the plant;

e Some fungicides require intervals before harvest or consumption of produce
and this should be considered;

e Use the correct amount of water so as to ensure adequate coverage.

Diseases must be identified correctly. For this purpose the reader may consult
relevant publications such as the booklet “Wheat Diseases in South Africa” by
D B Scott, which is obtainable from ARC-Small Grain, Private Bag X29, Bethlehem
9700, at the price of R20-00 (VAT included).

Table 4. Active ingredient/s of fungicides for the control of selected
diseases of wheat*

Wheat disease
Active ingredient/s Stem | Leaf | Stripe | Powdery LA Take-
rust rust [ rust | mildew = blotch Eyespot all
blotch
Carbendazim/Epoxiconazole X X X X X
Carbendazim/Flusilazole X X X X X X
Carbendazim/Propiconazole X X X X X X
Carbendazim/Cyproconazole X X X X X X
Carbendazim/Tebuconazole X X X X e X
Carbendazim/Triadimefon X X X
Epoxiconazole X X X X
Flusilazole X X
Fluquinconazole/Prochloraz X X
Propiconazole X X X X X X X
Propiconazole/Cyproconazole X X X X X X X
Prothioconazole/Tebuconazole X X X
Tebuconazole X X X X X X X

*The booklet can be obtained from http://www.croplife.co.za/docs/Fungicides.pdf and the webpage of the National
Department of Agriculture http://www.nda.agric.za/act36/AR/AR%20Lists.htm. Please note that although some
formulations of fungicide are registered against a wide range of diseases, some formulations may only be effective for

the control of one disease. Always be sure to consult the label for exact specifications.
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Table 5. Active ingredient/s of available fungicides registered for the
control of selected diseases of barley*

Barley disease

Active ingredient/s Leaf Powdery Net

rust mildew | blotch Scald Eyespot
Carbendazim/Epoxiconazole X
Carbendazim/Flusilazole X X X X
Carbendazim/Propiconazole X X X X
Carbendazim/Cyproconazole X X X X X
Carbendazim/Tebuconazole X X X X
Carbendazim/Triadimefon X X X X
Epoxiconazole X X X X
Flusilazole X
Picoxystrobin + Carbendazim/
Flusilazole (tank mixture) X X X X
Propiconazole X X
Prothioconazole/Tebuconazole X X X X
Tebuconazole X X X X X

*The booklet can be obtained from http://www.croplife.co.za/docs/Fungicides.pdf and the webpage of the National
Department of Agriculture http://www.nda.agric.za/act36/AR/AR%20Lists.htm. Please note that although some

formulations of fungicide are registered against a wide range of diseases, some formulations may only be effective for

the control of one disease. Always be sure to consult the label for exact specifications.
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Table 6. Active ingredient/s of available fungicides registered for the

control of selected seed-borne diseases of small grains*

Seed-borne diseases
:g::fiient /s Loose Loose Loose Covered | Covered
smut smut smut smut smut Scald
(wheat) | (barley) (oats) (barley) (oats)
Benomyl X
Carboxin/Thiram X X X
Difenoconazole X
Mancozeb X X
Prothioconazole X X X
Tebuconazole X X X
Thiram X X X
Triadimefon X
Triadimenol X X X X
Triticonazole X X X X

*The booklet can be obtained from http://www.croplife.co.za/docs/Fungicides.pdf and the webpage of the National
Department of Agriculture http://www.nda.agric.za/act36/AR/AR%20Lists.htm. Please note that although some

formulations of fungicide are registered against a wide range of diseases, some formulations may only be effective for

the control of one disease. Always be sure to consult the label for exact specifications.
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ARC-SMALL GRAIN SERVICES

The laboratories of ARC-Small Grain are well known for their fast, accurate and
reliable services to you as producer.

Seed Testing Laboratory

The Seed Testing Laboratory is registered with the Department of Agriculture and
ISTA (International Seed Testing Association)-rules are strictly applied to comply
with international standards in determining the quality characteristics of seed.
Tests include the following:

Germination tests and physical purity analysis package

The germination test is an indication of the percentage seed that will, under
favourable conditions, produce normal seedlings. Together with the germination
results, the percentage of seed from other crops and weeds are determined. This
is also subject to requirements set by law. Each seedlot planted in the field must
be tested so that the producer is assured that the seed planted has a germination
percentage greater than 80%, which is the minimum for making wheat production
a viable proposition.

Coleoptile length

Coleoptile length is the length of the sheath that enfolds the first leaf. The
coleoptile provides the force that carries the leaf to the soil surface. To prevent
emergence problems under dryland conditions, coleoptile length determinations
are recommended. It is important to remember that planting depth is critical where
cultivars with short coleoptile lengths are planted.

Seed analyses testing chemical treatments

A seed treatment can be tested for its effect on South African small grain cultivars
and even its compatibility with other seed treatments. These services will be
provided on contract basis only.

Contact person: Hesta Hatting
Tel: (058) 307-3417

E-mail: hattingh@arc.agric.za
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Wheat Quality Laboratory

The Wheat Quality Laboratory participates in two external quality control schemes.
The Premier Foods Ring test samples are analysed monthly and the Southern African
Grain Laboratory (SAGL)’s Ring test samples are analysed quarterly. The laboratory
offers the following analyses on whole wheat kernels:

Hectolitre mass / Test weight

Single Kernel Characterisation System (SKCS) analyses, which includes thousand
kernel mass, kernel hardness index, kernel diameter and kernel moisture
content

Kernel colour

Flour yield potential

Analyses that can be performed on flour include:

Flour colour

Protein content

Falling number

Sodium Dodecyl Sulphate (SDS) sedimentation volume
Wet gluten content

Moisture content

Analyses indicative of dough properties and end-use quality include:

Mixograph analyses
Farinograph analyses
Alveograph analyses
Mixolab analyses

Loaf volume

Contact person: Chrissie Miles

Tel: (058) 307-3414

E-mail: milesc@arc.agric.za
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Soil Analyses Laboratory

The Analyses Laboratory specialises in soil analyses and is an active member of the
Agri-LASA control scheme.

Soil analyses

e pH(KCI)

e (Ca, Mg, Na, K (Ammonium Acetate)
e Phosphate (Bray 1)

* % Acid Saturation

Other analyses:

e Lime requirement Zinc (HCl)

e % Total Carbon (TOC)

e Clay % (Hydrometer Method)

e  Particle size

Contact person: Lientjie Visser
Tel:(058) 307-3501

E-mail:visserl@arc.agric.za
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Weed Resistant Allele Profiling Service (WRAPS)

This innovative herbicide resistance screening service is a new tool in the toolbox,
offered to producers to assist with the effective management of herbicide resistant
weeds. To date, various target-site resistance mutations have been identified on
farmers’ fields from the Western Cape, Eastern Cape and Northern Cape. Currently
this service has been optimised for ryegrass samples.

For which herbicide groups can the samples be screened for?

Currently ryegrass biotypes can be screened for resistance to herbicides from the
ACCase inhibitor (Group A) herbicides, ALS inhibitor (Group B) herbicides and the
Group D (bipyridyliums) and Group G (glycine) herbicides. The target-site mutation
markers used, can detect single group resistance or broad target-site resistance
across multiple groups. All weedy grass species can be screened.

How to get your ryegrass tested for resistance?

Producers/chemical company representatives are welcome to send ryegrass
seedlings/fresh bulk leaf material or seeds for testing to ARC-Small Grain, Bethlehem.
The samples can be taken any time during the plant life cycle, preferably the younger
the better. Please make sure that the bulk sample was taken from plants distributed
over the entire field, so as to constitute a true representative sample of the field.
Seedlings/leaf material must be kept moist, placed in a zip lock bag, labelled and
preferably couriered overnight to ARC-Small Grain, Bethlehem, as this will assure
that fresh seedlings/leaf material arrive for processing. This is critical to allow for
the isolation of the required DNA quality for successful resistance identification.
Seeds must be stored in brown paper bags to prevent microbial contamination.
Please indicate the GPS-coordinates and name of the field/farm where the seedling/
leaf material/seed samples were taken. Please prevent sending seedling samples
with intact root systems and soil as this adds unnecessary weight to the parcel. An
adequate number of seeds/seedlings must be submitted for the screening process
to be conducted successfully.

A full detailed written report per field/farm with recommendations will be
submitted electronically via e-mail and telephonically communicated to the
producer/chemical company representative within five to seven working days after
receiving the samples in good order.

Costs

Currently WRAPS is offered as a free service, but clients are expected to pay for the
courier costs to get the samples to Bethlehem. This innovative project is currently
jointly funded by the ARC, Winter Cereal Trust and the National Research Foundation.
In future, to make this service sustainable for the long term, an affordable flat rate
per sample will be charged.
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Note: This molecular genotyping service only detects the presence of the most common target-site mutation induced
herbicide resistances and other forms of resistance, such as metabolic or compartmentalised resistanc,e requires

additional testing.

For further information, please contact:
ARC-Small Grain: (058) 307 3400
Ms Hestia Nienaber (Weed Scientist) - deweth@arc.agric.za

Dr Scott Sydenham (Biotechnologist) - sydenhams@arc.agric.za
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CONTACT INFORMATION

For more information you are advised to contact the following specialists:
Cultivar Choice

Willem Kilian

Plant Physiology

Dr Annelie Barnard

Plant Diseases

Cathy de Villiers
Dr Tarekegn Terefe

Insect Control

Dr Goddy Prinsloo
Dr Vicki Tolmay

Dr Justin Hatting

Dr Astrid Jankielsohn

Weed Control
Hestia Nienaber
Plant Nutrition
Willem Kilian
Soil Tillage
Willem Kilian
Plant Breeding

Dr André Malan
*Dr lan Heyns

Dr Robbie Lindeque
*Kim Coetzee
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Soil Analyses
Lientjie Visser
Quality Analyses
Chrissie Miles
Seed Services

Hesta Hatting

Weed Resistant Allele Profiling Service

Hestia Nienaber
Dr Scott Sydenham

Address correspondence to the following address:

ARC-Small Grain
Private Bag X29
Bethlehem
9700

Tel: (058) 307-3400
* SGI Stellenbosch

ARC-Small Grain
P O Box 3507
Matieland

7602

Tel: (021) 809 3554
www.arc.agric.za/arc-sgi/
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