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M OCCURRENCE, RECOGNITION AND CONTROL (continued)

Barley yellow dwarf

Occurrence

Barley yellow dwarf is caused by barley yellow dwarf
virus (BYDV). Yield losses may be 10-50% if infection and
spread occurs early in the growing season. Then the
proportion of shriveled grain increases, affecting quality.
BYDV is spread to cereal crops from reservoirs of infection
in wild or pasture grasses or cereal volunteers by grass and
cereal aphids. The oat (Rhopalosiphum padi) and corn (R.
maidis) aphids are the most important vectors. (Aphid
descriptions can be found in the insect pests section.)
BYDV affects wheat, oats, barley, triticale and pasture
grasses. The virus must survive the summer in living cereals
or grasses in places such as roadside ditches, creeks,
soakaways and irrigated gardens. The extent of BYDV risk
is largely dependent on the amount of rainfall before the
growing season. With greater rainfall in late summer and
early autumn (Feb-April) the extent of grass and crop
volunteer survival increases. Early build-up of aphids
before the growing season on plant material infected with
virus leads to early arrival of virus-carrying aphids in crops.
High annual rainfall zones (>500mm) are at most risk,
especially when perennial grass hosts of BYDV, such as
Couch, Veldt grass and Paspalum, are present (Figure
10.11). However, other rainfall zones may become high
risk if they experience regular summer rainfall events. In
years with dry conditions in February and March, the risk
of infection is low and spraying may not be needed even in
high-risk areas.
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Recognition

The symptoms of BYDV on wheat can be difficult to
recognise because they are similar to some nutrient
deficiency symptoms. In addition, there may be differences

in sensitivity between varieties. Virus symptoms take at
least three weeks to appear after infection, longer in cold
weather. Wheat infected at the seedling stage usually
develops a slight to severe yellowing between veins
(interveinal chlorosis), some tip necrosis and occasional
serration down one margin of the third and fourth leaf.
When infection occurs before the end of ftillering,
symptoms include pronounced stunting, an increased
number of poorly developed, often sterile tillers, reddening
of the flag leaf (Figure 10.12), delayed maturity, abortion
of terminal spikelets, shriveled grain and decreased yield.

Barley yellow dwarf virus symptoms.

Distinct patches of infected plants may be seen in the
crop, expanding as the season progresses. These are formed
when winged aphids bring BYDV into the crop (primary
spread) and aphids produced on the infected plants then
spread the virus to neighbouring plants (secondary spread).

Wheat infected after tillering may show no obvious leaf
symptoms nor decrease in plant size, but maturity may be
delayed, the grain yield slightly diminished and the grain
slightly shriveled.

Control

Control is achieved by preventing potential aphid
vectors from feeding in the crop. Once a plant is infected
with BYDV there is nothing that can be done to remove
the infection. Management strategies that help to decrease
losses include:

W sowing BYDV-tolerant varieties if available

W avoid very early sowing to avoid the autumn aphid
flight

W direct-drilling into stubbles to conceal bare earth:
winged aphids are especially attracted to small plants
with bare earth around them

W strategic application of insecticides to eradicate aphids
within the crop and prevent migrating aphids from
settling and feeding on crop plants.

It is vital to prevent spread of barley yellow dwarf virus
(BYDV) during the first 8 — 10 weeks after crop
emergence. Usually this means applying insecticides before
aphids and/or BYDV symptoms can be easily seen. This is
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because considerable BYDV spread can occur with low
aphid numbers, and virus symptoms are difficult to see in
winter. Five years of insecticide experiments with a range of
cereals in WA, showed that foliar sprays of synthetic
pyrethroids at 3 and 7 weeks after full crop emergence
decreased BYDV spread by up to 87% and increased grain
yields by up to 41%. These pyrethroids (e.g. alpha-
cypermethrin (Dominex or Fastac) or beta-cyfluthrin
(Bulldock)) control BYDV better than pirimicarb or
dimethoate because they not only kill aphids but also have
an anti-feeding effect that deters new aphids from feeding
for a further 3-4 weeks. The cost of spraying can often be
reduced, as pyrethroids may be tank-mixed with many of
the autumn-applied herbicides. Controlling aphids with
synthetic pyrethroids early to stop BYDV spread can also
prevent them building up sufficiently to cause feeding
damage in spring. However, in bad aphid years
applications of insecticides from other chemical groups
may be required in spring if feeding damage becomes a
problem in cereal crops.
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Wheat rusts

In Western Australia, rust has been a sporadic problem
for wheat growers. Since the first recording of stem rust in
Western Australia in 1906, there have been less than 10
epidemics. Small outbreaks of stem rust are more common
and can cause severe losses over a limited area. Since the
first leaf rust epidemic in Western Australia in 1992
significant outbreaks of this disease have recurred.

Rusts require living plants on which to grow and
reproduce, so they must continually infect new hosts. To
infect crops during the season they must survive over
summer by infecting volunteer cereals or grass hosts. This
occurs during seasons where summer rainfall is plentiful for
volunteer cereals or weed hosts to survive. Dry summer
conditions usually preclude significant carryover of rust
(Figure 10.13).
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Table 10.12. Distinguishing features of the wheat rusts

The three types of rusts that can occur on wheat are
stem, leaf and stripe rust. In the field, the shape and colour
of the pustules (Table 10.12) can distinguish the type of
rust. It is important to submit samples of rust to
AGWEST. These are submitted to Sydney for typing. This
then informs us if the rusts are changing in terms of
resistance and helps the breeding program in developing
varieties resistant to rust.

So far, stripe rust (a serious disease in the Eastern States)
has not crossed the Nullarbor. Its arrival in Western
Australia may increase the importance of rust control here.

Location on plant On both sides of leaf, on
leaf sheaths, stems and

outside of head

Pustule character Stem rust Leaf rust Stripe rust

Colourt Reddish brown Orange brown Yellow

Shape Oval to elongated with Circular to oval Small, circular, in yellow
conspicuously tattered
stripes edges

Chiefly on upper surface of | Chiefly on upper surface of
leaf leaf, on leaf sheaths, awns

and inside of glumes

t Colour depends on the freshness of the pustule. Most spores are produced overnight so that pustules are best observed

in the morning before spores are spread by wind.
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Wheat stem rust

Occurrence

Wheat stem rust (Puccinia graminis f.sp. tritici) can
infect wheat, durum wheat, barley, triticale and some
grasses including barley grasses (Hordeum spp.) and
common wheat grass (Agropyron scabrum). It is potentially
the most damaging rust in Western Australia.

Epidemics will occur when summer and autumn rains
allow wheat or barley volunteer plants to survive through
the summer. Crop infection occurs when the temperatures
range from 15-30°C and dews occur. The disease can cause
severe crop loss in a short amount of time at the end of the
season.

Recognition

Stem rust usually occurs on the stem, and can occur on
the leaves (both sides), leaf sheaths or in severe infections
on the head. (Figure 10.4) Plants will have large pustules
full of reddish-brown powdery spores. The pustules will be
oval or elongated in shape. Towards the end of the season
when infections are old these will change to black in
colour.

Stem rust symptoms

Control

Remove volunteer cereal crops, the green bridge, to
prevent the carryover and buildup of inoculum during the
summer months. If inoculum levels are reduced during the
non-cropping phase, infection is unlikely to occur early in
the cropping season.

Use resistant varieties to reduce inoculum buildup
during the cropping season. A reduction of inoculum
during the cropping season reduces the carryover load
during the summer months.
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When stem rust is detected in susceptible cultivars —

W prior to flowering. Apply a high rate of fungicide as
soon as possible.

| after flowering. Apply fungicide as soon as possible, use
a low rate if the disease incidence is below 10% (up to
one stem in 10 has any stem rust).

W For stem rust incidence above 10%, spray with a high
rate of fungicide if the crop is before mid grain fill and
with a standard rate if the crop is at mid to late grain
filling
In Western Australia sporadic rust outbreaks may

require the combinations of the above strategies.
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Leaf rust

Occurrence

Wheat leaf rust (Puccinia recondita f.sp. tritici) is
specific to wheat and triticale. A single pathotype has
dominated in W.A. since 1990 and became epidemic in
1992 and 1999. Wheat leaf rust regularly survives the non-
cropping summer in varying quantities, usually sufficient
to occur at least to a limited extent (particularly in southern
regions) each year. The disease develops rapidly between 15
and 22°C when moisture (including dew) is non-limiting.
The highest yield increase attributed directly to control of
leaf rust in Western Australia is 37%. However the disease
is synergistically damaging in combination with septoria
leaf blotches. In Esperance in 1992 early severe leaf rust in
combination with very severe septoria nodorum blotch
induced 90% loss. Leaf rust does not affect other cereals
and is not hosted by other cereals.

Recognition

There are small circular to oval pustules restricted to the
upper surfaces of leaves (Figure 10.15). Spores are light
brown in colour. The pustules will darken as the infection
ages and the spores will appear black in colour. Later in the
season, the infection can spread to the leaf sheaths.

Leaf rust symptoms.

Control

Control measures that are the most effective are similar
to those mentioned in the above section on stem rust. The
use of resistant varieties in areas that are prone to leaf rust
(ie higher rainfall areas), combined with the control of
volunteer wheat during the summer months, will reduce
the inoculum levels and hence risk of early infection for
susceptible varieties.
B during seedling stage. Monitor infection, if there is
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evidence of increasing severity during winter (rust
progress exceeds plant growth and upper leaves become
infected) apply a fungicide spray at early stem
elongation (Z31/32). Recommence monitoring after 4
weeks and if necessary apply a further fungicide spray if
leaf rust is detected on flag-3 leaf at or soon after flag
leaf emergence. The risk of other diseases at this stage
could influence choice of fungicide and rate.

W during stem elongation phase. At low severity, monitor
and delay control until early flag leaf emergence unless
rapid build up is observed. At moderate to high severity
on middle leaves, apply fungicide during stem
elongation.

W at flag leaf emergence but prior to flowering. Apply as
soon as possible if leaf rust severity is moderate to high
on lower leaves.

| after flowering a response to fungicide is unlikely.
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Wheat stripe rust

Occurrence

Stripe rust (Puccinia striiformis var. striiformis) mainly
infects wheat, but can occasionally be found on barley and
triticale and on a wide range of grasses such as barley grass
(Hordeum leporinum), common wheat grass (Agropyron
scabrum) and prairie grass (Bromus uniloides).

It was first reported in Australia in 1979 and has since
spread throughout the wheatbelt of eastern Australia,
coming as far west as Ceduna, South Australia.

Stripe rust does not occur in Western Australia, but
could invade at any time. If you suspect that you have stripe
rust, submit a sample to Agriculture Western Australia im-
mediately.

Recognition

There may be yellow patches within the paddock. These
are usually 1-10 metres across. On the leaves the pustules
are scattered on young plants while in older plants they will
form in stripes along the leaf veins (Figure 10.16). The
spores are yellow to orange in colour. If you rub the leaf the
spores will leave a yellow coloured smear on your finger.
The infection can spread to the head preventing seed from
forming or becoming shrivelled.

Stripe rust symptoms.

Control

The use of resistant varieties in areas that are prone to
stripe rust (ie cooler higher rainfall areas), combined with
the control of volunteer wheat during the summer months,
will reduce the inoculum levels and hence risk of early
infection. Optimum temperatures for stripe rust are less
than leaf and stem rusts (most rapid development between
10 and 15°C) and earlier fungicide control of winter
epidemics is more commonly required for this disease.
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Wheat smuts

Fungi which parasitise the host plant and produce
masses of soot-like spores in the leaves, grains or ears cause
smut diseases.

Smuts have one of two distinct life cycles. It is important
to know the type of smut and its life cycle so that the best
means of control can be determined. Smut may be borne
either on the inside or outside of the seed.

The smuts that are borne externally on the seed are:

B Bunt of wheat (Tilletia laevis and T. tritici).
W Flag smut of wheat (Urocystis agropyri).

And there is one smut of significance that is borne
internally. This is:

W Loose smut of wheat (Ustilago tritici).

Bunt (covered smut)

Occurrence

Although very rare, bunt is potentially the most
important smut disease of wheat because there is a nil
tolerance level for bunt in wheat delivered to Co-Operative
Bulk Handling Ltd. Bunt is extremely difficult to detect in
the field and could remain undetected in harvested grain if
present at very low levels. If it is seen or suspected it should
be reported to Agriculture Western Australia.

Recognition

Bunt is difficult to observe except near crop maturity.
Wheat plants infected with bunt are usually slightly
stunted. The glumes on heads of infected plants may be
spread apart more than on healthy heads. Infected kernels
are greyish brown and when the fragile seed coat is crushed
or broken, the soot-like spores have a characteristic
stinking fishy odour.

During crop harvest, spores may also fall on the soil
and remain dormant until the next crop is sown. As the
seedlings germinate, the spores infect them. This soil-borne
phase is an important source of infection.

Control

A regular fungicide seed dressing program is
recommended for prevention of bunt.

Flag smut

Occurrence

Flag smut (Urocystis agropyri) occurs throughout the
wheat belt in Western Australia.

Recognition

This disease is difficult to detect early in the growing
season. Affected plants are often stunted and affected leaves
may be curled and distorted. The spore masses can be seen as
dark streaks running along the leaves and leaf sheaths, usually
from about booting. Initially the spore masses are under the
surface, but break through revealing distinct streaks of sooty
spores on the leaves (Figure 10.17). Flag smut is the most
widespread smut of wheat. Farmers growing susceptible
varieties should be on the look-out for this smut. Flag smut
may also be detected after harvest on standing stubble.

During harvest, the smut spores contaminate healthy
seed, but remain dormant on the outside of the seed during
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storage. As the seed germinates, the spores also germinate
and infect the seedling, growing inside it and eventually
forming smutted heads or leaves (in the case of flag smut).
Pickling seed with fungicide kills the spores and controls
externally seed-borne smuts.

During crop harvest, spores may also fall on the soil
and remain dormant until the next crop is sown. As the
seedlings germinate, the spores infect them. This soil-borne
phase is an important source of infection.

Flag Smut symptoms.

Control

Resistant varieties should be used when possible. For
susceptible varieties a regular fungicide seed dressing
program is recommended for prevention of flag smut. An
appropriate seed dressing must be used to control soil-
borne phases of this disease. Crop rotation will reduce soil-
borne carryover but a break of two years or more will be
necessary to have a significant effect.

Loose smut

Occurrence

Loose smut is generally confined to high-medium
rainfall areas of the wheat belt in Western Australia.

Recognition

Loose smut of wheat (Ustilago tritici) is carried as a
small colony of fungus inside the seed rather than as a spore
on the seed coat. When infected seed germinates, the
fungus becomes active and grows slowly in the growing
point of the plant.

Diseased plants appear normal until heading, but may
be taller and mature earlier than surrounding healthy
plants. The fungus now grows rapidly and forms a compact
spore mass to replace the cereal head.

The black powdery spores blow away to leave a bare
stalk. The spores are released as the rest of the crop is
flowering and they infect the developing grains of healthy
heads, remaining dormant in the grain until the seed is
sown the next season.

Control

A regular fungicide seed dressing program is
recommended for prevention of loose smut.

Where more than 5% of heads show loose smut
infection (infection is very high), new seed should be
bought from a clean source and treated before use.
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Other diseases of wheat

Powdery mildew

The fungus Blumeria graminis f.sp. tritici causes
powdery mildew. Powdery mildew had been economically
unimportant but in recent years infections in wheat have
worsened. The fungus is evident as a whitish powdery
growth on the upper surface of leaves and leaf sheaths. As
the infection ages there is a yellowing of the infected tissue,
and the infected area turns a dull grey colour with small
black specks present. Heads may become affected. It
prefers humid conditions or dense crops with high
nitrogen levels. The fungus survives on crop residues.
Increased severity of powdery mildew infections in wheat
may have resulted from increasingly productive crops,
stubble retention or increasing varietal susceptibility.
Control is achieved via less susceptible varieties while the
potential value of fungicide sprays and seed treatments is
currently unclear. (Figure 10.18).
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Powdery mildew symptoms

Ring spot

The fungus Pyrenophora semeniperda (Drechslera
campanulata) infects leaves producing small spots with
dark brown rims, which typically have pale brown centres.
It occurs throughout the wheatbelt but normally does not
reach damaging levels. Infection in young crops is
common. The fungus infects many grasses and carries over
on residues and symptoms will frequently be seen in crops
after pasture.

Downy mildew

Downy mildew is caused by the fungus Sclerophthora
macrospora. The fungus is soil-borne and carries over in
host residues. In very wet to waterlogged conditions
spores infect young wheat plants. The disease is
damaging to individual plants producing thickened
leathery twisted leaves and the heads are twisted, similar
to damage induced by hormone weed Killers. The
frequency of infection is very, very low, and confined to
areas subject to waterlogging or flooding. Control is not
warranted.
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Ergot

This disease is caused by the fungus Claviceps purpurea.
The fungus survives in the soil for up to one year,
producing spores that infects plants during flowering.
Infection is favoured by cool wet weather during flowering.
Ergots are black in colour and replace the grain in the seed
head. This is toxic to animals and to humans. It is
important to control grass weeds where the fungus can
survive, around crops.

Ear cockle or seed gall nematode

This disease is caused by the nematode Anguina tritici.
On plants, the heads appear normal but removal of glumes
will reveal seed galls instead of normal grains. A fungus
(Dilophospora alopecuri), which is carried with the
nematode, causes twisted and distorted leaves and ears.
These are the best indicators that the nematode may be
present. At heading, the plants are stunted and slow to
mature.

The developing seed of plants with twisted leaves
should be examined for galls. In harvested seed, galls are
dark and do not crush readily like bunt.

The nematode larvae hatch from the galls and climb up
the plant. The young larvae attack the growing point and
embryo flower head causing grains to be replaced by
nematode galls. At harvest, galls are mixed with seed or fall
to the ground, providing effective means of spread and
survival.

Control is achieved by not sowing infested seed and by
eliminating soil-borne larvae by not cropping wheat for
two years. The disease is very rare in Western Australia.
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Principles and management

Disease causing microorganisms that affect roots,
crowns and stem bases of cereals are widely distributed in
agricultural soils in Western Australia. Their impact varies
across regions in response to management and seasonal
conditions. Slow spread and disease build up and patchy
distribution are features of the biology and life cycle of root
diseases. Most are limited to one infection cycle in a season
and are usually not dispersed in the same way as leaf
diseases. For this reason they can be effectively managed
when recognised and understood. However their insidious
development, often remaining inconspicuous during build-
up, means that they can go unnoticed or appear to “come
from nowhere”. Uneven inoculum dispersal, varying crop
growth, weed infestation or soil environment can result in
patchiness or uneven crop growth that can be confused with
other environmental effects.

A general feature of root diseases is that they are able to
attack a wide range of plant species. Wide host range
requires special consideration for disease management. A
systems approach that integrates root disease management
with other agronomic factors will be the key to successfully
minimising the most common and important root diseases
of cereals.

Rotation

This is the most important factor in root disease
management. The key to successful rotational
management is to have cropping sequences that include
non-hosts or poor hosts for key diseases. As a general
rule, the greater the diversity of non-cereal crop-
rotation-species, the greater the impact on root disease
carryover. (Figure 10.19).

During a wheat phase root disease has the opportunity
to increase. The amount of damage will depend on the
level of disease and interactions with seasonal factors. As
the crop matures, the pathogen becomes protected within
the infected roots and crowns. A breakdown of root and
crown tissue would expose the pathogen to attack by other
soil microorganisms. For much of the non-cropping
season, however, soil conditions are dry and soil
microorganism activity is low, hence most of this
breakdown occurs in the following growing season, rather
than between seasons. Infected plant residues, the
inoculum for future disease initiation, gradually rots away
over a 12-18 month period in the absence of a host to re-
infect.

The diseases, take-all and crown rot, are two fungal
diseases that have adapted to survival in soil by attacking a
range of cereal and grass hosts. Both fungi readily attack
wheat but also barley and numerous common grasses. For
this reason effective management of these diseases requires
non-cereals in the rotation. It is very important to control
grass weeds in non-cereal rotation crops and pastures for
effective lead-in management for the next wheat (or barley)
crop.

Diseases with broad host ranges require greater care
when planning cropping sequences. Root lesion
nematodes are able to attack both cereals and non-cereals
but do have preferences for different hosts. Some alternate
crops, such as canola, can allow some root lesion
nematodes to increase. Growing crops such as field pea,
lupin and faba bean will generally discourage root lesion
nematodes. The rhizoctonia bare patch fungus is able to
infect a wide range of hosts and hence can not be managed
by rotation.

Appropriate crop rotations will ensure yield loss will be
minimised by keeping disease levels low. In disease prone
areas, it may be necessary to alternate with a non-host crop
for every susceptible crop grown while in some areas
relevant break crops may be required less frequently.

Figure 10.19 — Effective rotations permit long periods of
inoculum decline (long shallow saw-teeth figure b,c)
compared to inoculum maintenance (a). d) Seasonal
conditions influence disease build up and expression.

Fig. 10.19
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Factors affecting root disease development and expression.

Tillage

It is possible that multiple tillage practices in use before
the adoption of pre-plant herbicides and direct drilling
resulted in some breakdown of infected plant debris and
destruction of root disease inoculum. However these
effects were probably small, particularly in rotation
cropping, hence would not outweigh the agronomic
benefits of current systems of crop establishment.
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Tillage is an important means of managing rhizoctonia
bare patch. This fungus becomes active with seasonal rains
and the fungal threads (mycelia) grow through soil. Tillage
disrupts these fungal threads, reducing their potential to
cause infection. Tillage may also provide seedbed
conditions that encourage more rapid root growth. This
enables plants to better cope with some root damage from
infection.

Seasonal influences

Soil moisture affects root disease directly through
conditions for infection and also indirectly through the
capacity of the plant to tolerate root disease. Soil moisture
also affects the rate of breakdown of infected trash.

Soil moisture can directly influence the type and
amount of root disease. Early in the season very wet to
waterlogged conditions can favour Pythium fungi.

Pythiums are soil fungi that can damage the small feeder
roots. In the absence of waterlogging Pythium spores are
less able to swim to developing roots and so normally do
not affect plants significantly. With high but not excessive
levels of soil moisture the fungi that cause take-all and
crown rot are better able to infect and colonise plants.
When the root system is damaged by disease the plant
is less able to take-up water and nutrients, or tolerate
stresses such as waterlogging and drought. Reduced uptake
will affect plant growth and these effects may be evident in
early crop stages (e.g. rhizoctonia bare patch) or later during
stem extension. Plants can frequently grow and tolerate a
partial loss of function until there is a period of moisture
stress, or until the critical grain filling time is reached. The
later is often exacerbated because at this time the plant has
to meet increased demands for moisture as temperatures
rise. For this reason root diseases can often become more

Table 10.2 — Summarised rotation options for root disease control in wheat (adapted from Managing your right

rotation).
Possible Break Crops
Disease Main Hosts Non — cereals Resistant cereals
Take-all wheat, barley pulse crops oats
Gaeumannomyces triticale pasture legumes
graminis var tritici barley grass oilseeds
brome & silver grass
Root Lesion Nematode wheat & barley lupins cereal rye
Pratylenchus neglectus canola peas triticale, durum
vetch faba beans oats
medic
chickpea
Rhizoctonia Bare patch All plants are hosts
Rhizoctonia solani AG-8 to some degree
Crown Rot wheat pulse crops
Fusarium graminearum barley pasture legumes
triticale oilseeds
grasses
weeds
Cereal Cyst Nematode wheat pulse crops cereal rye
Heterodera avenae barley pasture legumes selected wheat, barley, oat
oat oilseeds and triticale varieties
triticale
wild oats
Common Root Rot barley pulse crops cereal rye
Bipolaris sorokiniana wheat pasture legumes oats
oilseeds
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evident and induce greater effects on production under
drier than normal crop finishing conditions.

Soil type

Soil chemical, physical and biological properties also
influence soil pathogens directly. The take-all fungus is
better adapted to alkaline soil conditions and some soils
(e.g. alkaline black wattle sands south of Geraldton) are
prone to this disease. Rhizoctonia bare patch is usually
more pronounced on very sandy soils. Soil properties
resulting in increased biological activity are believed to
antagonise root diseases such as take-all and rhizoctonia in
long-term no-till experiments. The basis for these
influences are not well understood.

Soil types can influence the frequency of wheat
cropping and this in turn influences root disease
occurrence. Soil type also influences soil moisture
availability, particularly during periods of moisture stress.
Wheat is grown at high frequently on high clay content
(heavier textured) soils in the eastern wheat belt, favouring
the occurrence of fusarium crown rot, which can be more
evident with mild moisture stress at grain filling.

Nutrition

Anything that helps crop growth is likely to reduce the
impact of disease. Root damage will limit nutrient uptake,
which may lead to deficiency and further impaired root
growth.

Some pathogens are influenced by soil pH. Activities
that influence soil pH, such as nitrogenous fertilisers
(increasing pH) or liming (decreasing pH) may have minor
influences on most root diseases. The exception is take-all,
were excessive use of lime will lead to an increase in this
disease. Liming to neutral pH will have no effect, but
liming to pH 8 and above will increase take-all. Usually
these effects are small compared to factors such as rotation
and season rainfall.

Trace elements are also implicated in root disease
interactions and both macro and micronutrients are
important. Providing adequate nutrition makes crops
better able to tolerate root disease.

Host resistance

There is limited host resistance to root diseases. In
Western Australia crop rotation is more important in
managing disease than host resistance. Highly effective
resistance is available for cereal cyst nematode but this
disease has limited distribution and importance under our
diverse cropping systems. No resistance is available for
take-all, fusarium crown rot or rhizoctonia bare patch
while some wheat cultivars exhibit partial (moderate)
resistance to some root lesion nematodes.

Chemical control

Few chemical control options are available for root
diseases. Seed treatments are being sought for root diseases
but conventional seed treatments used at concentrations
that are required to control root disease are too toxic to
young plants. To overcome this problem it is possible to
apply fungicide in-furrow by mixing it with fertiliser and
sowing or banding at seeding. This approach can be used
to control take-all when high disease levels are anticipated.
Future developments with seed treatments are possible.

219




CHAPTER 10 — DISEASES

THE WHEAT BOOK

M OCCURRENCE, RECOGNITION AND CONTROL (continued)

Take-all

Occurrence

Take-all, caused by the fungus Gaeumannomyces
graminis var. tritici, is a significant root disease of wheat and
barley, it also infects oats but to a lesser extent. It is
widespread throughout the wheatbelt but causes the most
damage to crops in the high and medium rainfall areas
(400 to 750 mm annual average rainfall) near the southern
and western edges of the wheatbelt (Figure 10.20).

Along the south coast take-all may be so serious that
cropping to wheat or barley is not always economically
feasible.

In other parts of the wheatbelt the presence of take-all
affected cereal plants and the yield loss may go unnoticed
unless the cereal plants are removed from the soil and the
roots examined after washing them to remove all soil.

Fig. 10.20
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Recognition

Paddock appearance: In young crops, look for stunting
or poor growth of individual plants or indistinct patches of
up to several metres diameter. At later stages when crops
have headed look for premature plant death and white-
heads, particularly as soil moisture becomes limiting. Near
the centre of the patches most plants are affected but the
proportion decreases towards the edges. Take-all affected
plants are stunted and may hay-off early causing pinched
grain. In a severe outbreak of take-all, patches may overlap
so that large areas of the paddock will appear to be a mosaic
of varying densities of affected plants.

Plant appearance: The most common symptom of
take-all is the presence of dark brown roots due to invasion
by the fungus. The roots of plant suspected of being
infected with take-all need to be washed thoroughly to
enable symptoms to be seen. In washed roots from young
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plants, it is possible to see the diseased dark brown central
core running through the young white roots. The roots of
mature affected plants are brittle, break off short and are
black. By contrast, healthy roots are long and pale. Severely
affected plants have a black crust around the stem base.
Removing the leaf sheath at the base of the plant may
reveal this crust or just brown to black streaks or spots
(Figure 10.21).

Fig. 10.21 ‘ ‘

Take-all symptoms (Green stem base is healthy).

Life cycle

The fungus colonises host plants in the winter/spring
period, killing roots and destroying root function. After
infected plants die the fungus remains inactive in diseased
tissues such as roots and crowns while the soil is dry over
summer. The following winter the fungus becomes active
and re-infects newly growing host plants.

Control

The take-all fungus has a wide host range, infecting
wheat and barley and to a lesser extent, oats and it also
infects most volunteer and pasture grasses. Barley grass
(Hordeum leporinum) is the most susceptible common
grass, followed closely by annual ryegrass (Lolium rigidum)
and silver grass (Vulpia sp.), while brome grass (Bromus
diandrus) is least susceptible. The susceptibility of other
pasture grasses falls within the range of these common
pasture grasses. The fungus does not infect non-grass
pasture plants such as clover, medic or capeweed, or non-
cereal crops such as lupins, pulses or canola.

Results of two long-term rotation experiments at
Esperance Downs Research Station showed that there is a
close relationship between the incidence of take-all in a
crop and the amount of grass in the previous pasture. In
these two experiments the pasture composition was altered
with herbicides. Measurements taken over six years showed
that the incidence of take-all over the whole crop increased
by about 5% for each 100 kg/ha of grass dry matter in the
previous year's pasture (measured in spring) (Figure 10.22).
W Effective control can only be obtained by establishing a

period of at least 12 months prior to susceptible cereal

crops in which grasses (which carry the disease) are not
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allowed to grow. Two years may be required where high
grass burdens have been carried over several years.

B Grass control can be obtained in alternative crops, for
example in lupins, pulses or canola or in pastures, by
use of herbicides.

B Use ammonium-containing sources of nitrogen in
preference to urea.

W Consider using phase pasture rotations in which the
last year of pasture is managed to minimise the disease
carryover into the first year of cropping.

Fig. 10.22
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Pasture grass content influences on Take-all

To bring a pasture paddock into cropping following an
extended pasture phase, preparation of the paddock needs
to start at least one year before sowing the crop. The object
is to ensure that the pasture is grass free from the start of
winter in the year prior to sowing a cereal crop.

There are two options for manipulation of pasture
(grass-legume mixtures) with herbicides to control take-all:
W seed set control two years before cropping; and
W selective grass control by spraying in the year before

cropping

In planning either (or both) of these grass control
strategies, farmers must consider the implications for
developing herbicide resistant grass weeds in the paddock.
In both options, broad-spectrum herbicides can be used to
achieve selective grass control.

Seed set control can be achieved with either a broad
spectrum or a grass selective herbicide applied when most
grass in the pasture is in the early stages of flowering. This
ensures that the minimum amount of viable seed is set for
germination in the following year. An additional
consideration is that the legume component of the pasture
must set enough seed to be competitive with grasses that
germinate, and to provide sufficient grazing in the
following year, that is, the year of pasture before cropping.

Selective grass control can be achieved by applying
either broad spectrum or selective herbicides in early
winter. These must be applied at about the 6-leaf stage of
the clover or medic plants in a pasture during the year
before a cereal crop is sown.

After grass control, pasture production is reduced in
late autumn and early winter when grazing is already in
short supply. However, to complete the control of grass,
grazing pressure must be maintained on the pasture to
prevent tillers developing on sprayed plants and the
establishment of grasses that germinate late.

Before embarking on pasture manipulation in early
winter, first ensure that there are enough clover or medic
plants in the pasture (that is 1,000 to 2,000 plants per
square metre). This is to compensate for the loss of grass in
the pasture and to smother grass plants that survive or
emerge after spraying.

Herbicide must be applied as early as possible in the
growing season to allow the longest time for grass root
fragments harbouring the fungus to break down. Delaying
herbicide application by as little as three weeks can
considerably increase the amount of take-all fungus that
survives to the end of the growing season.

Liming and Take-all: The severity of take-all evident in
a cereal crop is influenced by the pH of the soil around the
roots of growing plants. Take-all will be less severe in acid
soils (ie. low pH). Liming soils to increase the pH will also
make the conditions around plant roots more conducive to
take-all.

A consequence of this may be that farmers suddenly
notice take-all in their cereals where crops have previously
appeared to be uniform. Liming soils, therefore, increases
the need for rotation of cereals with broadleaf crops or
grass-free pastures.
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Rhizoctonia bare patch

Occurrence

Rhizoctonia bare patch, caused by Rhizoctonia solani
AG-8, is a very important and common disease
throughout the wheatbelt (Figure 10.23). The disease is
most common in soils of low fertility such as acid sands
and in minimum and no till situations.

Fig. 10.23
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Recognition

Bare patches appear within a crop early in the season
and become more distinct as neighbouring crop continues
to grow. They can vary in size from very small to several
metres across (Figure 10,24). There is a distinct difference
between infected plants within the patch and healthy
plants outside the patch.

Infected plants within the patch are pale or very dark
green, and stunted. The root systems when washed show
small, brown roots with spear tipped ends.

Fig. 10.24

Rhizoctonia symptoms.

Life Cycle

Rhizoctonia survives in organic matter (mainly
colonised roots) during the summer months. Following
autumn rains the fungus grows out of this material to
infect young seedlings. In many cases individual patches
represent individual Rhizoctonia colonies that spread
through soil to adjacent plants.

Control

There are no cereal varieties resistant to rhizoctonia
bare patch. Barley is most susceptible followed by wheat
while oats are least susceptible. Rotations with other crops
will not reduce the level of disease as the AG-8 strain can
grow on legumes, canola and weed species, as well as all the
cereals.

Cultivation after rain and at any time just prior or at
sowing reduces the impact of the disease on a new crop. In
WA cultivation to 10 cm is required and improved control
occurs with increasing depth and intensity of cultivation.
Use of a modified combine with tynes that cultivate to 10
cm but place the seed at normal seeding depth (2-3 ¢cm) is
an effective one-pass method of controlling or significantly
reducing rhizoctonia bare patch.

Increase soil fertility. This encourages better crop
establishment and enables the plants to offset the root
damage caused by Rhizoctonia, by faster root growth and
development of a larger root system. Trace element
deficiency can increase the disease severity.

The use of sulfonylurea herbicides increases the impact
of the disease. This is because under alkaline soils the
herbicide reduces root growth, thus accentuating root
damage due to Rhizoctonia.
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Fusarium crown rot

Occurrence

Crown rot is caused by the fungus Fusarium
graminearum that persists in infected crop residues and can
be carried over on infected grass weeds for a period of two
years. It is most prevalent on heavy soils in the eastern
wheatbelt.

Recognition

The disease is noticeable after flowering when scattered
white-heads appear in the crop. The disease can occur as
patches of plants with whiteheads. Sometimes this can be
confused with Take-all, as this disease also
causeswhiteheads after flowering. However, whiteheads on
scattered plants is more likely to be crown rot while white-
heads in patches are usually take-all.

Inspect the crown (where roots join the base of the
stem) of the affected plants by peeling off the old leaf
sheaths to reveal the true stem. The lower stem and sub-
crown internode of infected plants has a honey-brown
discoloration. Sometimes there is a pink discoloration
around the crown, or under the leaf sheaths.

Life cycle

The fungus colonises host plants in the winter/spring
period and disrupts the translocation of water from the
roots. After infected plants die the fungus remains inactive
in diseased tissues such as roots and crowns while the soil
is dry over summer. The following winter the fungus
becomes active and re-infects newly growing host plants.

Control

Crown rot occurs when the fungus can build up in the
soil over two or more years when susceptible crops are
grown in close rotation. Wheat, barley, triticale and grasses
are susceptible to the disease. Long rotations with pulses,
canola and grass-reduced pasture will reduce the
population level. Oats can be used as a break crop because
the fungus grows more slowly in oats and less inoculum is
carried over into the next season.

It is important to control grass-weeds to reduce the
carry over between seasons. Without rotation infected
stubble should be burnt. The cultivation of soil also speeds
up the decomposition of crop residues and may assist in
the management in some situations.
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Root lesion nematode

Occurrence

Root lesion nematodes (Pratylenchus species) are
microscopic roundworms that feed in living root tissue of a
wide range of host plant species. Several species occur in
Western Australia and different species can differ in host
range. In Western Australia significant root lesion nematode
infestations have been diagnosed where cereals have been
grown after cereal, canola, medic or subterranean clover-
based pasture. Root lesion nematodes move in moist soil to
locate and invade roots in which they feed and reproduce.
Where conditions such as host crop and seasonal
environment are favourable Pratylenchus populations may
increase to levels damaging to crop production. Pratylenchus
are known to occur across a wide range of soil types in the
southwest agricultural areas of Western Australia. High soil
populations are more common in some areas than others.

Recognition

Above ground symptoms are non-specific. Infested
plants show poor vigour and growth and may occur in
large or small patches that are generally less well defined
than rhizoctonia bare patches. If roots are dug (not pulled)
from the soil and washed brown lesions may be evident
(Figure 10.25) and in heavily infested plants the roots may
be thin and poorly branched. It may be difficult to
distinguish between damage due to root lesion nematodes
and fungal root diseases including rhizoctonia bare patch
or take-all. Suspected root lesion nematode infestations can
be confirmed by laboratory testing. Testing can help define
the problem and determine the species of nematode(s)
present. This information is important in determining how
to manage a root lesion nematode infestation.

Control

Crops grown under favourable conditions will be more
tolerant of nematode damage but may contribute to

Fig. 10.25

Root lesion nematode symptoms.

increased populations. Experiments in Western Australia
have shown significant yield losses in both wheat (5-10%)
and barley (5-20%). Losses of 5-10% may go
unrecognised. Where a root lesion nematode threat exists,
a range of agronomic management options can be used.
No chemical control options exist.

The most effective means of reducing soil infestations
of root lesion nematode (or preventing its build up) is to
grow resistant crops or pasture in the rotation. Crops such
as field pea, faba bean, lupin, lentil, rye, triticale, durum
wheat and oats have varying degrees of resistance and so
make good break crops (Table 10.3.). Growing these crops
should reduce nematode density in soil. Some crops may

Table 10.3. Resistance/susceptibility of major crops and pastures and their general role as break crops or host crops with
respect to two nematode species (Data provided by S. Taylor SARDI, V. Vanstone University of Adelaide & G. Hollaway

AgVic)
Resistant (break) crops Susceptible (host) crops
Plant P. neglectus P. thornei Plant P. neglectus P. thornei
Faba Bean R MR Medic MS MR-R
Field Pea R R Barley MS-MR MR
Rye R Sub. clover MR S-MS
Lupin MR-R R \etch MS-MR S-MS
Triticale MR-R MR-R Canola S MR
Lentil MS-MR R Wheat S-MR S-MR
Durum MS-MR MR Chickpea S S-MS
Oats MS-MR -

R = resistant, MR = moderately resistant, MS = moderately susceptible and S = susceptible
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be resistant to one species but susceptible to another (e.g.
canola is susceptible to P. neglectus but moderately resistant
to P. thornei). Where mixed populations of Pratylenchus
species occur crops resistant to only one species may allow
the other species to increase.

There are differences between varieties for resistance
and tolerance to Pratylenchus species. Where a root lesion
nematode problem is recognised, the risk of build up and
impact will be reduced if a moderately resistant or
moderately susceptible variety is grown in preference to
susceptible varieties. In the absence of suitable varieties
with resistance, selection of a more tolerant variety will
minimise the risk of yield loss, though nematode
populations are likely to increase.

Control summer weeds well in advance of cropping.
Maximising the pre-plant fallow period with early weed
control may be important to reduce potential nematode
activity before cropping. Early weed control rather than
delayed sowing should be used to maximise the pre-plant
fallow period.

There is little information on the effect of tillage on
root lesion nematodes. In dry soil, root lesion nematodes
are brittle and highly vulnerable to soil disturbance while
in wet soil the nematodes are much less fragile. Reduced
numbers of Pratylenchus thornei were found to be
associated with multiple tillage in Queensland. In most
circumstances contemporary tillage operations are unlikely
to substantially influence nematode numbers..

Adequate nutrition will help to compensate for loss of
root function caused by root lesion nematode. Loss of root
function through nematode damage may also induce trace
element deficiencies. In these situations application of
foliar trace element sprays may alleviate a deficiency and
hence improve crop yield. Where crops are known to be
infested with damaging levels of nematodes, plant tissue
tests may be used to check whether nutrient deficiencies
are present.
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Cereal cyst nematode

Occurrence

Cereal cyst nematode (CCN), Heterodera avenae, is an
important disease in cereals in South Australia and
Victoria. It is known to occur in the northern, central and
occasionally southern agricultural areas of Western
Australia, but its impact is less than in eastern Australia as
the disease is comparatively uncommon.

Recognition

CCN appears as patches of poor growth similar to
those caused by nitrogen deficiency or water stress. Plants
are stunted and yellowish, due to the lack of nutrients
caused by the root damage. When examined closely the
roots have small swellings (looks like knots), with many
side roots protruding from these swellings (Fig. 10.26).
This gives the roots a brush-like appearance. The minute
white cysts may be evident in spring, turning brown as the
season progresses. Soil tends to stick more closely to
infected roots, so they are harder to wash clean. Affected
plants are stunted, have fewer tillers and generally lack the
vigour of unaffected plants. Patches can vary in size from 1
to 100 metres within a paddock.

Cereal cyst nematode symptoms.

Life cycle

Cereal cyst nematodes survive during the summer
months as cysts within the soil. During autumn, when the
soil temperatures drop and soil moisture levels have
increased the cysts break their dormancy and the nematode
juveniles begin to hatch. Hatching occurs over an eight to
ten week period when the soil temperature has dropped to
12°C. After hatching the juveniles move towards the plant
roots and penetrate through the growing tips. Feeding of
the juveniles causes the roots to proliferate above the
damaged root. The females produce eggs within their own
body and swell. These white females are visible to the
naked eye. These then encyst as the soil moisture decreases
to survive over the summer months.

Control

Most crop damage occurs when continuous wheat
cropping is practiced. The best control is achieved through
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the use of crop rotation with a legume crop or with non-
grass pasture. Most grasses are very good hosts to CCN, so
the reduction of volunteer grasses within a pasture and the
use of leguminous crops will help reduce the population of
CCN. Following a severe infestation a two year break is
recommended to reduce population numbers to a low level
and prevent crop damage. Resistant cultivars have been
developed in South Australia and Victoria and can assist
management in extreme cases in Western Australia.

Sow crops early to reduce root damage. Early sown
crops have a well established root system before infection
occurs. Crops sown late after the break have a poorly
developed root system and when the larvae hatch and
infect, are less able to tolerate the disease.

Improve soil fertility. This encourages better crop
establishment and enables the plants to offset the root
damage caused by nematodes, by faster root growth and
development of a larger root system.
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Common root rot

Occurrence

The fungus Cochliobolus sativus (Bipolaris sorokiniana)
causes common root rot. This disease is a major problem
in New South Wales and Queensland. Although the
fungus is widespread in Western Australia, particularly in
the northern wheatbelt, it appears to cause only a minor
reduction in yield.

Recognition

This disease does not cause distinctive symptoms
within a crop. Infected plants are paler and stunted
compared to healthy plants, and appear singularly or in
irregular patches.

Roots of infected plants are brown, especially the sub-
crown internode (section between the crown and the seed).
This distinguishes the disease from take-all which causes
blackening of the sub-crown internode and roots.

Control

Bipolaris survives on roots of grasses and as spores in the
soil. Rotations with legumes, pulse or oilseed crops will
reduce the build up of the fungus in the soil. A one year
rotation may not always prevent crop damage. Increasing
the soil fertility will reduce the impact of the disease on the
crop. Oats are less susceptible than wheat, barley or
triticale. It is more likely to occur when wheat and barley
crops have been grown in a close rotation. Little is known
about responses of Western Australia varieties to common
root rot.
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Pythium root rot

Occurrence

Pythium root rot (Pythium spp.) is most common in
areas of high rainfall. Very little is known about the impact
of the disease on crops in Western Australia. It is more
likely to occur during wet years especially if it is very wet
after the break of the season and the crops have just been
sown.

Recognition

Plants are stunted, develop poorly and generally look
unthrifty and nitrogen deficient. These plants may have
reduced tillering and may die within the field. Plants can
occur individually throughout the crop or may occur in
patches where the soil is waterlogged.

The root system is stunted (looks stubby) with very few
lateral roots present. The roots are soft and yellow to light
brown in colour.

Control

There are no resistant varieties to the disease. A short
rotation with a legume or pulse crop will not reduce the
level of disease as the fungus survives as oospores in the soil
for over 5 years. Pythium exists mainly in the top 10-15cm
of soil where fine wheat roots are abundant, and where
crop residues are deposited. These residues provide
nutrients and moisture to the fungus.

Most crop damage occurs when rainfall is high after
sowing. The disease is more severe in direct drilled crops
and where stubble is retained. Avoid sowing into cold wet
soils, or sowing crops directly after applying herbicides to
control grass weeds.

Increase soil fertility. Plants may recover from early
infection where nutrition is adequate to promote root
growth. Studies in Canada have shown that the disease is
worse in crops that have phosphorous deficiency.
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There are many insects and invertebrates to be found in
wheat crops. Many cause no damage while some are even
beneficial. Spiders for example, have only recently been
found to play a significant role in reducing the numbers of
pest insects in field crops. However it is the pest species
which tend to be the most obvious.

The importance of insect pests can vary according to
changing farm practices e.g. false wireworms have become
more predominant as their biology is suited to stubble
retention practices. Booklice or psocids have only recently
become significant pests of stored grain in \Western
Australia, now that residual contact insecticides are rarely
used.

The pests described in this chapter can cause serious
damage to wheat, with major financial implications to
growers, however there is also a range of exotic wheat pests
which, owing to Western Australia’s remoteness and our
stringent quarantine laws, do not occur here. Overseas
pests like the hessian fly, Russian wheat aphid and khapra
beetle have the potential to be more devastating that any of
our established pests. Quarantine vigilance and active
surveillance must be maintained or expanded to protect
the future of Western Australian wheat growers.

International markets, especially developing countries
where cereals are the staple part of the diet, are becoming
increasingly wary of chemical residues in wheat. Western
Australia is well placed to meet these burgeoning markets
because contact insecticides are not used during storage.
These markets may become jeopardised, however, by
increased chemical usage on-farm if field pests are not
effectively managed or other pests are allowed to enter
Australia.
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l DETERMINING THE NEED FOR CHEMICAL TREATMENT

This chapter outlines the nine major insect pests of
wheat in Western Australia along with management
methods that have proven practical under Western
Australian conditions. Recommendations, especially
chemical, are current at the time of publication. The
mention of some active ingredients does not imply
approval to the exclusion of others and the user bears the
responsibility for correct use and is legally bound to use the
chemical in accordance with the label.

The appearance of damaging population from year to
year cannot usually be predicted with accuracy and in any
case management and weather will affect pest numbers. It
pays to become familiar with the major pests and their
effect and to examine crops before damage occurs. Weekly
scouting of crops is advisable bearing in mind that different
pests will attack the crop at different developmental stages.
For example, cockchafers and desiantha weevils will
completely devour developing seedlings, while grain insects
wait until the wheat has been harvested before going to
work.

A sweep net is a valuable aid in determining pest
numbers for aphids, lucerne flea and desiantha. The extent
of cockchafer and false wireworm infestations can be
calculated as number of grubs per shovelful of earth, while
other pests require visual inspection.

As well as working out the likely returns from the crop
and the cost of treatment it is important to consider the
following:

Growth stage

The seedling stage is the most critical as relatively small
pest numbers may cause rapid and extensive damage.
Where large numbers of webworm or cutworm are present,
it may even appear that the crop has not germinated when
the pest has eaten cotyledons as soon as they appear above
ground.

Crop health

A vigorously growing crop of adequate plant density
can withstand considerable insect attack with little
appreciable yield loss. Where sowing has been too deep or
the crop is stressed for moisture, the significance of pest
attack will be greater.

Management

Paddock management may have a great effect on pest
numbers especially those of webworm. Paddocks which are
still very grassy in April, when webworm eggs are laid, are
at risk. Conventional weed control, giving a three week
fallow, will give complete control of this pest, whereas
numbers may increase significantly with minimum tillage
planting.

Some rotations can increase the likelihood of damage
by some pests e.g. cockchafers can cause severe damage to
cereals following pasture but are almost impossible to find
following lupins.
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Biological control versus spraying

Some form of biological control invariably operates
against all pests. Aphids, for instance, have many predators,
parasites and diseases which may be seen and should be
preserved where possible by using a selective chemical and
spraying only when necessary.

When pests are at economically damaging numbers,
reliance cannot be placed on biological control as there is
usually a delay while predators and parasites build up their
numbers. For example, when 25% or more of seedlings are
damaged by webworm, bare or very sparse patches in the
crop will result. The crop should then be sprayed quickly
as complete recovery is possible. An alternative, in grassy
paddocks sown with reduced tillage where the risk is high,
is to apply the insecticide with the knockdown herbicide.

Resowing after pests have progressed to a non-
damaging stage is sometimes a viable option given an early
break to the season. For example, cockchafers are major
pests in the larval stage but insignificant once they have
turned into pupae.

Changes in the weather can sometimes effect pest
outbreaks e.g. warm-moist conditions can increase the
incidence of a fungus that attacks aphids.
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B MAJOR PESTS

Some of the more important pests of wheat in Western
Australia and they way they damage crops are described
below.

Redlegged earth mite
Damage

Large numbers of redlegged earth mite (RLEM) are
commonly found but normally do not affect cereals
severely. Mites rupture cells on the surface of leaves and
feed on exuding sap; affected leaves look silvered, but do
not have holes or windows as with lucerne flea attack. Mite
damage to seedlings is more severe if plant growth is slowed
by cold and/or waterlogging.

Description

Adult mites (Halotydeus destructor) are about the size of
a pinhead (up to 1mm). They have velvety black bodies
and eight bright orange-red legs. The mites are often
gregarious and are found clumped together in large
numbers. They disperse quickly when disturbed.

Life cycle

Mites hatch from over-summering eggs in autumn
when adequate moisture and low temperatures occur. Eggs
produced through the season are thin-walled and hatch
immediately, and several generations may develop over
winter and spring. As pastures begin to senesce, the mites
produce thick-walled eggs which resist drying over summer
and carry the mite through to the next season.

Figure 11.1: Redlegged earth mite

Control

Pasture paddocks being prepared for cropping should
have mites controlled the spring before the crop year.
Treating seed with a systemic insecticide before sowing
crops will protect seedlings from RLEM. Systemic
chemicals can also be used if more than 60% of plants have
emerged. If few plants have come up and cotyledons are
being damaged as they emerge, it is more effective to use a
contact insecticide. Mite control in dense spring pastures
may require higher rates of insecticide than are effective on
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seedlings in autumn. Hard spring grazing will also reduce
damage.

There are a number of organophosphorus-based
chemicals currently registered for control of redlegged
earthmite. These include chlorpyrifos, dimethoate,
endosulfan and maldison, methidathion, omethoate
phosmet, as well as the synthetic pyrethroids alpha-
cypermethrin and bifenthrin.

Biological control of RLEM is being promoted by
collecting a predatory mite, the anystis mite, from original
CSIRO establishment sites and spreading it throughout
the agricultural region. Establishing this predator depends
on careful handling during collection and transport, and
on ensuring there are areas of adequate dry plant cover in
paddocks for shelter over summer.
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Webworm
Damage

Large areas of emerging wheat crops may be destroyed
by the continual chewing damage of a heavy webworm
infestation. The caterpillars sever leaves or whole plants
which they scatter on the ground or pull into holes near the
plants.

Figure 11.2 Webworm larvae

Description

Webworm caterpillars (Hednota spp.) are seldom seen
as they come above ground level only when conditions are
cool and damp, and usually at night.

They may be located in their weblined tunnels from
which plant parts may be seen protruding.

The caterpillars are pale to deep brown with a tinge of
the green gut contents showing through. The head appears
black or dark brown. Fully grown caterpillars are about
15mm long.

Life cycle

Caterpillars hatch from eggs laid amongst grass in
autumn and feed throughout the winter.

Spring and summer are passed in the tunnels as resting
stage caterpillars. After this, the insects proceed through
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Figure 11.3: Webworm adults
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the pupal stage and emerge as adult moths, which are
about 10mm long and may be seen flying in large numbers
on autumn nights. By day they hide in dry grass, the colour
of which they closely resemble.

Control

The paddock condition and the weather in autumn are
very important in determining webworm numbers.

Eggs will not be laid in great numbers and will not
survive well in a bare paddock or in stubble. Grassy
situations favour survival.

Cultivations leading to a weed free paddock over a
three week period destroy the young stages but reduced
tillage cropping methods allow a greater survival. Hot and
dry conditions during May and June, resulting in a lack of
feed, could destroy most webworms.

If a quarter of the plants are being seriously damaged at
or just after emergence, spraying should not be delayed as
the continued feeding will kill many plants and result in
bare ground or thin areas.

The only organophosphorus-based chemical registered
for webworm control in cereals is chlorpyrifos. There are
three synthetic pyrethroid chemicals; beta-cyfluthrin,
alpha-cypermethrin and deltamethrin.
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Lucerne flea

Damage

Wheat crops may be seriously retarded by the lucerne
flea and seedlings may be killed in heavy infestations.
Green leaf tissues are often eaten, leaving a surface of the
leaf as a whitish film. Severely affected areas appear, from a
distance, to be bleached.

Description

Lucerne fleas (Sminthurus viridis) usually spring from
the plants when approached, using a special organ situated
underneath the body. The lucerne flea is a dumpy looking
and wingless creature of varied colour, but the larger
specimens of 2 to 4 mm are predominantly green or yellow.

Life cycle

The first soaking autumn rains cause the special over-
summering egg batches to hatch. Several generations may
then develop over the growing period depending upon the
weather. Eggs are laid in the soil and usually hatch in a few
days. With the onset of warm and dry conditions in spring,
the resting stage eggs (which are able to withstand summer
conditions) are laid.

Control

The lucerne flea is favoured by heavy soils and cannot
live in very sandy situations. It also depends on plentiful
moisture.

Systemic or contact insecticides can be used as
discussed for redlegged earth mite. Synthetic pyrethroid
chemicals are unsuitable because they selectively Kkill
redlegged earth mite which compete with lucerne flea. This
can result in an increase in lucerne flea numbers after a
synthetic pyrethroid treatment.

A predatory mite, the bdellodes mite, is present over
most of the area occupied by lucerne flea and exerts a useful
level of control. Another predatory mite, the neomolgus
mite, was introduced by the CSIRO and has been released
at many places in the agricultural area. It will extend the
area and level of biological control.

Chlorpyrifos, dimethoate, maldison, methidathion and
phosmet are the only chemicals registered for control of
lucerne flea in cereals. These chemicals are all
organophosphorus-based.
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Cutworm

Damage

The cutworm chews through plant parts, often felling
the plant at ground level. Just two or three large caterpillars
would seriously damage a square metre of crop. This is not
a regular pest but large areas may be affected.

Description

There are several species in this State, including Agrotis
infusa and A. munda, which vary in appearance but the
larvae are all smooth and plump.

Figure 11.4:Lucerne Flea

The larva of the most common species, the pink
cutworm, is grey-green with a pink tinge and is usually
found in sandy soils.

The larva of another common species, the bogong
motbh, is dark grey.

The larvae usually hide by day but may be found under
the surface and often close to a damaged plant. They curl
up when disturbed.

At times, brown cutworms (with a herringbone pattern
along the back) damage crops. In south coastal areas they
are more likely to be found on the soil surface by day, than
are the pink or black cutworm.

Figure 11.5: Cutworm larvae

Figure 11.6: Cutworm adults

The adult moths of herringbone cutworm are of
various species, and range from black, through grey to
brown.

Occasionally, autumn attack by armyworm in cereals
resembles cutworm damage (see armyworm). This is
significant, because armyworm are harder to Kill with
insecticides than are cutworm.

Organophosphate, carbamate and pyrethroid chemical
are all registered for control of cutworm in cereals. These
include chlorpyrifos, diazinon, trichlorfon (OP), carbaryl
(C) and alpha-cypermethrin, deltamethrin, esfenvalerate,
lambda-cyhalothrin, permethrin, beta-cyfluthrin (SP).

Life cycle

Eggs are laid on the soil or on plant material close to the
ground. The larva may grow 50mm long before becoming
a pupa and then the adult moth. The adults are stout-
bodied, with a wing span of up to 40mm. The forewings
are patterned brown or dark grey. Several generations are
possible in one season.

Control

The weather and food supply are the most important
factors in determining abundance. Paddocks with good
management of grasses during the previous spring are less
at risk. Biological control, such as by fungal diseases, may
be spectacularly successful, while wasp and fly parasites are
also very active in preventing more frequent and serious
outbreaks.
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Desiantha weevil

Damage

Desiantha weevil (Desiantha diversipes) is a sporadic
pest of cereal seedlings in southern areas. It is the larval
stage which can completely destroy hundreds of hectares
by feeding on underground parts of the seedlings. Plant
growth may be slowed or plants may wilt and die and are
easily pulled from the soil.

Figure 11.7: Desiantha weevil larvae

Description

The larvae are white, legless creatures 6mm long and
with orange-brown heads. They remain under the soil and
are difficult to locate although some painstaking digging
may reveal the larvae close to plants.

Life cycle

Eggs are laid in autumn and hatch after opening rains
and the larvae commence feeding on young pasture
seedlings. When cereal crops are planted into heavily
infested paddocks, they are attacked by the larvae which
may be well grown. In spring the larvae pupate and
become adults, which are grey-black weevils,
approximately 5mm long with the typical weevil snout.
The adults are common in spring and summer hiding
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Figure 11.8: Desiantha weevil adult

under wood or stones or they may be found on cereal heads
and can be harvested with the grain.

Control

Chemical control after planting is not possible.
Problem infestations are most likely to occur where shallow
sand occurs over gravel or clay. As larvae will be larger
following summer rain, crops should be planted early and
shallow to minimise attack. Where the pest is confirmed,
planting with treated seed at 90 kg/ha is recommended.
Chlorpyrifos is the only chemical registered for control of
desiantha in cereals.
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B MAJOR PESTS (continued)

Cockchafers
Damage

Cockchafer larvae feed underground and some species
are serious pests which may slow growth or Kill large areas
of cereals by eating plant roots. Young plants without
extensive root systems are worst affected and more than
three grubs per shovel full of soil will cause some damage
while five or more may completely destroy the crop causing
erosion problems in the subsequent summer. The adult
beetles are also destructive as they feed on tree foliage. The
cockchafer which has caused the most damage to wheat
crops in Western Australia is Heteronyx obesus.

Figure 11.9: Cockchafer larvae

Description

There are several important pest species and adults
range in size from 5 to 20mm. Adults are usually brown or
blackish beetles sometimes called “Christmas beetles”. The
beetles fly readily and are attracted to lights. Cockchafer
larvae are characteristically “C” shaped creamy white grubs
between 2 and 25mm long.

Life cycle

The complete life cycle may take one or two years.
Some species have a long larval stage which extends over 12
to 18 months. In most species the larva is active during late
autumn and winter, then pupate in spring with adults
emerging in early summer. Feeding, mating and egglaying
may occur throughout summer.

Control

Control of cockchafer larvae is usually not economical.
The main pest species in this State cannot be controlled
with chemicals after planting as the larvae remain
underground. It is not possible for insecticides to penetrate
the soil far enough to have any effect; even following heavy
rainfall. Shallow planting and planting with treated seed at
a high rate may help to overcome the problem by
establishing a strong root system early in the season. The
problem is most serious when early growth is slow. Large
populations of non-pest species may be present under
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Figure 11.10: Cockchafer adult

young crops and in pasture without causing visible
damage. The organophosphate chlorpyrifos is registered for
cockchafer control in cereals.
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False wireworm
Damage

False wireworm larvae may be present in the soil in
high numbers with little or no damage to plant seedlings
because they are primarily feeding on dead organic matter.
Occasionally, larvae do chew into the seedling stem and
roots, weakening the plant or ring barking the stem and
causing the plant to fall over. Strong winds, which buffet
young fragile seedlings, increase the level of plant deaths. In
swathed crops adult beetles may cause a problem through
contamination of grain samples, as adults shelter within
the swath and are then caught up into the harvester.

Description

False wireworm is a general description given to several
species of soil dwelling beetle larvae belonging to the family
Tenebrionidae. They are primarily scavengers, feeding on
fungi and dead plant material. The larval or worm stage of
the beetle’s life cycle has been responsible for attacking
some seedling crops. Two main species are known to cause
damage in Western Australia: the Vegetable beetle
(Gonocephalum elderi) and the bronze field beetle (Adelium
brevicorne).

Figure 11.11: Bronze field beetle

Control

Increased stubble retention and use of minimum
tillage, allowing an abundance of plant material on the
surface, favours beetle survival and increase. False
wireworms are not a regular pest of cereal crops and use of
chemical control is often uneconomical. As it is difficult to
anticipate false wireworm damage, the best option may be
to observe the crop carefully and replant the affected parts
of the paddock if necessary.

The organophosphate Chlorpyrifos is the only
chemical registered for control of false wireworm in cereals.
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Aphids
Damage

Aphids affect cereals by direct feeding on plants, and/or
by transmitting barley yellow dwarf virus (BYDV).

Direct damage by aphids feeding can cause losses of up
to 30% where crop yield potential is 3 t/ha and higher.
Damaging populations may develop in three out of five
years. Direct damage occurs when colonies of 10 to 100
aphids develop on stems, leaves and heads, from seedling
stage through to head filling. The degree of damage depends
on the growth stage of the crop, percentage of tillers infested,
aphids per tiller, and the duration of the infestation. Feeding
damage often has no obvious signs or symptoms, although
heavily infested plants may be covered in black sooty moulds
which live on the sugary honeydew excreted by aphids.

BYDV s introduced into cereal crops from infected
grasses by flying cereal aphid vectors. The aphids carry the
virus in their mouthparts. Medium to high rainfall zones,
where aphids can arrive early in the life of the crop, are at
most risk. Virus symptoms take at least three weeks to
appear and can easily be confused with those of nutrient
deficiencies, e.g. leaf yellowing in barley and some wheat
varieties, reddening of older leaves in oats and the flag leaf
in other wheat varieties. Damage is greatest when spread
occurs early in the growing season, before the end of
tillering. Plants become stunted and yield losses can be up
to 50%. Also grain quality can be affected as the
proportion of shrivelled grain increases.

Description

Corn aphid (Rhopalosiphum maidis) and wheat/oat
aphid (R. padi) cause most yield loss. Rice root aphid (R.
rufiabdominalis) and Sitobion miscanthi (no common
name) are also found in cereals but usually in lower
numbers. Wingless aphids are about 0.2 to 2.5mm long.

Corn aphids are dark blue-green to grey-green, often
with a white dusty appearance. Colonies are often difficult
to detect because they usually develop within the furled
leaves of tillers any time from seedling to head emergence.
Barley is more likely to be affected than wheat.

Wheat/oat aphids are the most abundant species of
cereal aphids and vary from mottled yellow-green through

Figure 11.12: Wheat/Oat aphids
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olive-green and dusky brown, to a blackish green, and are
characterised by a reddish patch on the tip of the abdomen.
Colonies develop on the outside of tillers from the base
upwards on stems, nodes and backs of mature leaves,
starting any time between seedling stage and grain filling.
Heavy infestations can blacken heads and flag leaves, and
these are the aphids most commonly reported by farmers.
Wheat/oat aphids are more mobile than corn aphids, and
can drop to the soil and crawl to other plants. They cause
yields losses probably by reducing grain weight and grains
per head. They can also be important in spreading BYDV.

Rice root aphids are like wheat/oat aphids, but can also
infest plant roots. They have a reddish patch in the middle
of the back, and are most likely to be found in drier
agricultural areas. S. miscanthi aphids are light green with
yellow-green tinges, usually found in spring, without
developing large colonies.

Rose-grain aphids are potentially serious pests, but are
yet to enter Western Australia from the eastern States where
they are widespread. They are green spindle-shaped aphids
attacking wheat and barley during grain filling.

Life cycle

Winged aphids fly into crops from pasture grasses or
other crops, and start colonies of wingless aphids. All
aphids in a cereal crop are females, able to give birth to live
young without the need to mate. Reproduction is rapid
when weather conditions are favourable, leading to
population outbreaks. Cold conditions slow the rate of
development. When plants become unsuitable or
overcrowding occurs, winged young are produced which
migrate to other plants or crops.

Control

For BYDV control see the Leaf Diseases section.

Crops should be checked from late tillering onwards
for corn aphids in the furled growing tips, and for
wheat/oat aphids on stems, backs of leaves and ears.

Crops expected to yield 3 tonnes/ha or more are most
at risk.

Spraying is worthwhile if 50 per cent of tillers have at
least 10 to 20 aphids. Mixed infestations of both aphid
species may cause more damage than either species on its
own.

Crops sprayed before Zadok’s stage 30 may need
respraying at Zadok’s stage 50 or later, if aphid numbers
build up again.

Parasitic wasps, ladybirds, lacewing and hoverfly larvae
can provide useful biological control, mainly by preventing
secondary outbreaks. The use of ‘soft’ insecticides that only
kill aphids is advocated. When aphid densities are high
weather warm and moist, certain fungi may kill a large
proportion of the population.

Carbamate pirimicarb and the chloronicotinyl
imidacloprid, are both registered for aphid control in
cereals in Western Australia as well as the organophosphate
chlorpyrifos.
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Armyworm
Damage

Armyworms are regular pests of coarse grain crops on
the south coast of Western Australia and occasional pests in
inland areas. Towards the end of spring, when crops are
approaching maturity, large armyworm caterpillars chew
through the stems of barley just below the head, causing
heads to fall to the ground. If in large numbers early in the
season, armyworms may eat leaves and be confused with
cutworm.

Description

There are four species of armyworm in Western
Australia — the common armyworm, the southern
armyworm, the inland armyworm and the sugarcane
armyworm (Mythimna convecta, Persectania ewingii,
Persectania dyscrita and Mythimna loreyimima respectively).
Of these, the common armyworm is the most damaging.
Moths are stout bodied, grey to cream, with a wingspan of
about 40mm. They fly at night and are strongly attracted
to lights. Armyworm caterpillars vary in colour depending
on their numbers in a crop. If there are many caterpillars in
a crop they become dark, while if the population is low, the
caterpillars are much paler. Armyworms are about 40mm
long when fully grown and can be distinguished from
cutworms and budworms by their large heads and three
prominent white stripes on the “collar” behind the head.
Often the armyworms themselves will not be seen as they
feed mainly at night, but their droppings (which look like
small green “square” hay bales) will be obvious on the
ground below the crop canopy. Another indicator that
armyworms are present is damage to ryegrass seed heads.

Figure 11.13: Armyworm larvae

Life cycle

Armyworms have three or four generations per year
and on the south coast they survive over summer on self-
sown cereals and grasses that germinate with summer rains.
Numbers can increase rapidly in years with heavy summer
rain. In spring it takes about three weeks from when the
eggs are laid for them to hatch and for the caterpillars to
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Figure 11.14: Armyworm adult

reach head-lopping size. Once damage begins many heads
can be lopped in a short time. Inland armyworm breed up
in pastoral areas during wet summers giving rise to large
flights of moths which can invade agricultural areas.

Control

Heatwaves may kill most of the caterpillars and native
parasites can exercise good control, meaning that spraying
is not normally required every year. Several introduced
wasp parasites including Apanteles ruficrus have been
released to increase biological control.

The organophosphates chlorpyrifos, diazinon,
maldison, methidathion, trichlorfon; the carbamates
methomyl and carbaryl as well as the synthetic pyrethroids
alpha-cypermethrin, beta-cyfluthrin, cypermethrin and
deltamethrin are all registered for armyworm control.
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Stored Grain Insects
Damage

Once grain reaches storage its quality cannot go any
higher, all the grower’s effort and expense is how held in
one place and its value can only go down unless the grain
is protected. Grain stored on farms will eventually become
infested by grain beetles or moths unless specific measures
are taken. Primary grain insects found in Australia are those
which can attack and reproduce in whole grain and include
the lesser grain borer, the granary weevil and the rice weevil
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Figure 11.15: Lesser grain borer

(Rhyzopertha dominica, Sitophilus granarius and Sitophilus
oryzae respectively). Secondary grain insects require grain
which is cracked or has been damaged by primary insects.
The rust-red and confused flour beetles (Tribolium
castaneum and Tribolium confusum), sawtoothed grain
beetle (Oryzaephilus surinamensis) and flat grain beetle
(Cryptolestes spp) are secondary insects. All the grain moths
with the exception of the Angoumois grain moth (Sitotroga
cerealella) are secondary insects. Heavy infestations can
taint grain and reduce germination of seed. It is, however,
their contamination of export grain which is the major
problem. No grain insects whatsoever are permitted in
grain shipments and this position is vigorously defended by
inspection and fumigation. Grain and feed merchants in
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Figure 11.16: Rice Weevil
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Western Australia have agreed that they will no longer
accept infested grain.

Description

All stored grain beetles are small, 2 — 5 mm long and
brown to black. True weevils can be identified by their
elongated snout used to bore into seeds for egg laying. The
larvae of the grain moths are generally pinkish or cream
and may produce webs across the surface of the grain.

Pests of quarantine significance include the warehouse
beetle (recently found in Western Australia) and the khapra
beetle. The latter is the most serious pest of stored grain in
the world and is not found in Australia. The khapra beetle
is almost impossible to distinguish from the warehouse
beetle and a wide variety of native Trogoderma beetles
found in Western Australia, hence the need for monitoring
and surveillance.

Life cycle

The eggs of secondary beetles are laid free between
grains or in the cereal product. The larvae also live
externally to the grains and pupate free in the commaodity.
The lesser grain borer lays its eggs free in the grain, but the
larva enters a grain shortly after hatching and completes its
life cycle inside the grain. The adult bores its way out of the

Figure 11.17: Khapra beetle larva

hollowed out grain upon emerging from the pupa. The
whole life cycle of stored grain pests is usually spent inside
the grain bulk. Under ideal conditions (around 28°C) the
life cycle may be completed in 30 to 40 days but
temperatures below 15°C may extend this to 300 days.
The confused flour beetle and granary weevil are both
flightless while the others are strong fliers.

Control

Grain insects are declared under the Agriculture and
Related Resources Protection Act. Limited chemical
controls are available to Western Australian farmers due to
the State’s residue-free approach to grain storage and
marketing. Because no stored grain pests can exist in
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standing crops, emphasis is placed on hygienic storage and
rigorous cleaning of handling equipment.

Stored grain can be protected from subsequent
infestation with diatomaceous earth protectants like
Dryacide®. Existing infestations are best treated with the
fumigant phosphine used in sealed storages. These storages
should be tested annually to ensure they remain gas-tight
and failed rubber seals replaced. Ineffective use of
phosphine can lead to resistance and eventually control
failures. In-transit fumigations are illegal and extremely
dangerous.

Figure 11.18: Rustred flour beetle

Phoscard® farm fumigation indicator cards have been
developed by Agriculture Western Australia to assist
farmers in assessing the success of their phosphine
fumigations. Sample Phoscards are available from
AGWEST.
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B Introduction

David Bowran

Weeds often impose the most significant costs to wheat
crops, either from the yield loss which comes from
competition between the crop and weeds, or else in the
costs of applying appropriate control measures. While
herbicides provide effective tools to manage weeds in many
crops, the changes in weed spectrum that have occurred
with herbicide resistance and the development of new
cropping systems should remind us that weeds will exploit
any opportunities become available within the crop.

When developing a weed control program for use in
wheat it is vital to plan ahead so that all management
techniques which minimise the build up of weeds in phases
prior to the wheat crop can be considered or used. It is also
important to know the weed species present, their density,
area involved and distribution over the paddock. Different
weed species have different competitive abilities and the
economic threshold for control varies between weed
species.

The acceptable threshold of weed numbers is lower in
a continuous cereal-lupin rotation than in a cereal-pasture
rotation. In a continuously cropped paddock, control of
early weed competition and prevention of seed set from
late germinated weeds are both important. When a cereal
crop is followed by pasture, emphasis should be placed on
reducing early weed competition rather than preventing
seed set, as weeds which germinate later in the crop are less
competitive and their seed production may be necessary
for pasture establishment.
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Bl COST OF WEEDS IN WHEAT

In cereal crops, the potential yield is determined by the
number of tillers per plant, the number of grains per head
and the grain weight. Competition for nutrients is critical
in determining the first two factors (with nitrogen being
the nutrient most in demand by the crop and weed) and
usually occurs in the first two to five weeks after crop
emergence, while grain weight is determined after anthesis
and is mostly affected by competition for water during
grain filling.

To gain the full yield response to weed control it is
therefore critical that weed competition be eliminated as
early as possible in crop development. This loss is a
function of weed density, as lower weed densities will
remove less nutrients and may even be out-competed by
the crop. At higher densities, or where transplanted weeds
are present, delays may be costly. Trial evidence suggests
that where grass weeds such as wild oats or brome grass are
present at similar densities to the wheat crop, yield losses of
15-25kg/ha/day may occur and that removal in the first
five weeks after emergence (or before emergence if a
residual herbicide is used) is required. It may well pay to
change management practices to avoid loss, especially if
weather or other factors will cause significant delays in
controlling the weeds.

Just how much a weed will reduce crop vyield is a
function of the species, the density of weeds, the density of
the crop, when the weed emerges relative to crop, and
when the weed is removed from the crop. Table 12.1 shows
the average yield loss from a number of different grass
species in wheat crops when the weed emerges with the
crop (Poole and Gill, 1987).

It can be seen from Table 12.1 that weeds can produce
severe reductions in yield even at quite low densities.
Where a farmer establishes wheat at 125 — 150 plants/m2
and a weed such as ryegrass emerges at the same density,
then the potential yield foregone is about 25%. If this weed
cannot be selectively removed with herbicides, then this
yield is unlikely to be recovered. Fertilizer applied to the
crop not only enhances crop yield but also promotes weed
growth and seed production, and is often lost to that years
crop. Increasing crop density has a major effect on
reducing these competition factors. Where weed density is
low, increasing crop density will be a major factor in

reducing competition from weeds and limiting weed seed
production for a following crop.

Weeds may impose other costs in wheat production.
Weed seed contamination which reduces grain quality can
be significant if a lower premium is obtained or the crop
has to be cleaned after harvest. Weed seeds which have the
potential to be toxic pose particular problems as they may
be difficult to identify or to clean from the crop e.g., drake
(Lolium temulentum).

Table 12.1 - Yield loss (%) with increasing density of grass weeds in wheat (normal seeding rate 50-60 kg/ha)

Weed density(plants/m?) Annual ryegrass Wild oats Brome grass Barley grass
25 6 11 9 7
50 11 20 17 13
100 20 34 31 24
150 28 43 42 33
200 34 50 50 42
300 44 58 62 53
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Il WEED CONTROL BEFORE SEEDING

Weed control for the wheat crop must start as soon as
winter active weeds germinate in summer or autumn. In
most cases, herbicides if applied while the weeds are small,
provide the most cost effective solution to this problem,
while conserving the maximum soil moisture for crop
establishment. Glyphosate based herbicides provide a wide
spectrum of weed control, can be tank mixed with other
herbicides for enhanced knockdown of weeds that are hard
to kill and are relatively low cost. The bipyridyl herbicides
paraquat and diquat also offer excellent knockdown weed
control especially where weeds are small. The double knock
system of using glyphosate followed by bipyridyls 5-10
days later provides faster burndown of weeds prior to
seeding and provides improved control of weeds which are
hard to kill with glyphosate.

Cultivation is a useful tool where weed germination is
early and drying conditions follow. Cultivation, to a
maximum of 2.5cm, can stimulate weed seeds in the
seedbank to germinate on subsequent rain (autumn tickle),
and these can then be killed with knockdown herbicide or
further cultivation. Cultivation is a useful tool for some
weeds which are hard to kill with knockdown herbicide
such as mallow and Vulpia (silvergrass).

Early grazing can be an extremely valuable tool for
reducing weeds and minimising the amount of herbicide
required to kill weeds prior to seeding. Animals also
consume weeds such as wireweed and melons and so
reduce the blockages in seeding machinery.

Burning of stubble kills both weed seeds and
germinated weeds, and where wheat is sown after wheat
will assist in leaf disease control. Where weed seeds have
been concentrated into header trails it may be possible to
kill 80% of seeds prior to opening rains if the stubble is
ungrazed and a hot burn can be achieved.
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Herbicides are now the tool of choice for selective weed
control in wheat and the range of options for most weeds
is extensive. This section brings up to date the chapter on
herbicides for weed control in wheat in the publication
“The Management of Agricultural Weeds in Western
Australia” (1993).

Pre-emergence weed control

Barley grass, brome grass and Vulpia spp
(silvergrass)

Vulpia, brome grass and barley grass are often a
problem in emerging crops after early seeding or with crops
planted hastily on the first or second rains. Options for
control include;

W delayed seeding and use of knockdown,
W shallow cultivation — tickle.

Of the pre-emergence herbicides sulfosulfuron can
provide good control of all species, while metribuzin +
trifluralin can be used for brome grass control in Blade
wheat. Most of the other pre-emergence herbicides do not
give satisfactory control of these grasses, though the
trifluralin + oryzalin combination does provide good
control of Vulpia in many cases. Diuron applied
immediately after seeding can give good control of Vulpia.

Barley and brome grass have been successfully removed
from wheat as they emerge, using low rates of paraquat.
Timing is critical, and wheat should not have more than
half the first leaf emerged. Spraying under sunny
conditions stops paraquat translocation to the rest of the
emerging seedling and minimises damage. However, the
crop will need to be re-sown if the technique fails.

Annual ryegrass and wild oats

Pre-emergence herbicide options for the control of
ryegrass include trifluralin, pendimethalin, trifluralin +
oryzalin, chlorsulfuron and triasulfuron. Where ryegrass
and wild oats occur together trifluralin + triallate may be
used, but where wild oats occur alone, triallate is the
preferred option.

Efficacy with these herbicides can be variable due to the
requirement for incorporation or, on sandy soils, the high
leaching of chlorsulfuron and triasulfuron. Many farmers
have switched to post-emergence herbicides such as
diclofop methyl and tralkoxydim for these reasons for the
control of ryegrass and wild oats. Many farmers who
originally used trifluralin switched to chlorsulfuron or
triasulfuron because these herbicides control a wide range
of broad-leaved weeds as well as ryegrass.

With the development of resistance to diclofop methyl
and the sulfonyl ureas in ryegrass populations, there has
been a large increase in trifluralin use for the control of
ryegrass.

Broad leaf weeds
Chlorsulfuron and triasulfuron provide good control of
a wide range of broad leaf weeds such as capeweed,

doublegee, wireweed, dock, cape tulip, wild turnip, wild
mustard and soursob. Triasulfuron may provide up to 70%
control of wild radish with pre-emergence application.
Diuron applied immediately after seeding has good
activity on capeweed, crassula and toadrush. Transplant
capeweed can be successfully treated with diuron +
clopyralid and if used just prior to crop emergence yield
reductions from large transplants can be largely overcome.

Pre-emergent Herbicide Overview

This section provides an overview of the herbicides that
are incorporated before or during seeding, or which may be
applied after seeding but before crop emergence.

Group D

1.Trifluralin
The advantages of trifluralin are that it is a relatively

cheap pre-emergence herbicide that can be tank-mixed

with knock down herbicides. Points to note:

m Trifluralin is slightly volatile and co-distills with water
vapour, and should be incorporated in the soil within 4
hours if applied to wet soil. Losses due to volatilization
are greatest with moist soil and warm temperatures.

W Traditional ways of using trifluralin required paddocks
to either be pre-worked or have stubble residues that
did not cover more than 25% of the soil surface.
Excessive amounts of stubble can make good
incorporation very difficult, if not impossible, unless
culti-trash seeders are used. Recent innovations with
no-till seeding show that if trifluralin is applied prior to
seeding then knife points can throw sufficient soil to
cover the trifluralin and prevent volatilisation. If
ryegrass seed is on the soil surface sufficient trifluralin
is applied to the soil and seed to prevent germination.

m Trifluralin must be incorporated evenly in the top 2.5
cm of soil with wheat sown 1cm under the trifluralin
layer when using full cut points. Wheat sown in the
trifluralin layer will either fail to emerge or if it emerges
it may have stunted root systems and poor subsequent
growth. This factor makes it important to consider the
type of seeding equipment used and the coleoptile
length of the wheat variety. As a safety margin it is wise
to suggest a 10% increase in seeding rates if trifluralin
is used. With no-till and knife points the thrown soil
acts as the incorporation layer, but soil in the furrow
will be free of trifluralin and prone to weed
germination.

B As an alternative to incorporation by sowing, trifluralin
can be applied immediately after sowing and
incorporated by prickle harrows such as Phoenix
harrows. This will leave a very uniform, shallow layer of
herbicide, but losses by volatilization will be greater
than with a full incorporation.

Trifluralin is registered for application and
incorporation one or two weeks before sowing. However,




THE WHEAT BOOK

CHAPTER 12 — WEED CONTROL IN WHEAT

M HERBICIDES FOR WEED CONTROL IN WHEAT (continued)

many farmers have successfully incorporated trifluralin by
sowing, by maintaining good depth control and adequate
seeding rates.

The level of control of ryegrass will vary but, generally
speaking, 75% control should be expected. This makes
trifluralin an option where ryegrass densities are likely to be
low to medium. Some farmers achieve better results with
knife points but only if ryegrass seed is on the soil surface.

2. Trifluralin + oryzalin

The two dinitroaniline herbicides, trifluralin and
oryzalin are combined together in one herbicide product.
Unlike trifluralin, oryzalin is not volatile but because the
trifluralin is present the mixture must be treated in the
same way as other trifluralin based products.

3. Pendimethalin.

Like oryzalin it has lower volatility and water solubility
than trifluralin. Consequently it is important to achieve
uniform incorporation in the top 2.5cm of soil if good
weed control is to be achieved. Like trifluralin, crop
damage will occur if seed is sown into the treated band.

Group E

Triallate
The development of diclofop resistance in wild oats has

resulted in renewed interest in triallate. In the past, farmers
have been put off using triallate because of the soil
incorporation requirements. According to the existing
label, triallate must be harrowed into the soil immediately
after application. However, many farmers around Australia
have been getting good results with triallate without strictly
following the incorporation instructions. The following
characteristics of tri-allate, may explain why this is so:

W tri-allate does not volatilise readily and is not broken
down by sunlight;

W the response to incorporation is due to the need for
moist soil to activate tri-allate;

W tri-allate is bound onto soil particles and is stable to
volatilization from dry soil for up to 28 days at
temperatures of up to 50°C.

On application to soil, tri-allate becomes bound to soil
colloids and vaporises in the presence of water. It is active
in a soil moisture range from 5% above permanent wilting
point to 5% below field capacity. The only significant
losses are likely to occur from a moist soil surface.

Losses of triallate from a dry soil surface are expected to
be low and a delay in incorporation of up to 24 hours is
unlikely to significantly reduce herbicide activity. This will
enable more flexibility in the seeding operation. The only
significant losses are likely to occur from a moist soil
surface.

A maximum of 25% ground cover of crop residues can
be tolerated. Rain will wash triallate off stubble onto soil.

Triallate can also provide a moderate level of control of
annual ryegrass and where both ryegrass and wild oats are

present a mixture of trifluralin + triallate can provide good
control of both weeds.

Group B

1. Chlorsulfuron and triasulfuron
These are pre-emergence herbicides suitable for the

control of ryegrass and a wide range of broad-leaved weeds.

After its introduction in 1982, chlorsulfuron was rapidly

adopted because of its ease of use and broad-spectrum

weed control.

These herbicides should be applied as near to seeding
as possible, application rates should not be cut if conditions
are warm and the herbicides should not be left in the tank
but should be sprayed out immediately. These herbicides
should not be used on sensitive wheat cultivars, especially
if temperatures are low.

Precautions which need to be taken when using
sulfonyl ureas are as follows.

W They should not be used on paddocks where
waterlogging, extreme alkalinity or extreme acidity are
likely because crop stress can reduce the ability of wheat
plants to metabolize the herbicide, thus leading to crop
damage. Herbicide tolerance results show that recovery
is often faster from triasulfuron retardation, but final
yields for both herbicides are often similar

m Chlorsulfuron and triasulfuron as root pruning
herbicides, can induce trace element deficiencies in
crops where the trace element levels in the soil are
deficient or marginal.

W Some varieties of wheat and barley have lower levels of
tolerance to the sulfonyl ureas. Neither herbicide
should be used pre-emergence in oats.

W Sulfonyl urea residues in the soil after cereal crops can
damage a subsequent legume crop if conditions remain
dry in the year of application or if the soil is alkaline.

2. Sulfosulfuron

Unlike the previous two sulfonyl ureas, this recent
introduction has activity on wild oats, brome grass and
barley grass. This makes the herbicide a useful addition to
the tools available for brome and barley grass, and while
strong suppression is seen in many cases, excellent yield
responses can occur due to reduced weed growth. The
herbicide is useful for barley control in wheat.

Group C
1. Metribuzin

When combined with trifluralin, metribuzin can
provide good control of brome grass and annual ryegrass in
Blade wheat. Most wheat varieties show some sensitivity to
this combination with 20% yield losses recorded in
tolerance screens on sandy soils. Heavy rain can leach
metribuzin on sandy soils and seriously reduce efficacy.
Metribuzin may provide control of broad leaf weeds in
situations where rain is light after incorporation.
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2. Diuron

WVulpia control is often excellent when diuron is applied
to moist soil immediately after seeding. Heavy rain can
wash diuron into furrows and kill wheat, so it has to be
applied to either a level seed bed with conventional sowing,
or else applied before sowing in no-till systems. Heavy rain
may wash diuron into furrows in no-till seeding systems.

Early post-emergence weed control

(crop emergence to pseudo-stem elongation)

In considering early post-emergence treatments to any
crop it is important to bear in mind many of the points
such as those relating to timeliness of application, rate of
herbicide and crop effects. Herbicides are available for

most weeds for in-crop weed control unless herbicide
resistance has developed.

Grass Weeds

Barley, brome and silver grasses: Of the grasses found
growing in cereal crops, brome grass, barley grass and silver
grass have often been the hardest weeds to control, but the
new sulfonyl urea herbicide sulfosulfuron has allowed
selective control in wheat. Like other sulfonyl ureas, plants
may be strongly suppressed by the herbicide and then
outcompeted by the crop. It is unclear yet as to whether or
not all Vulpia species are controlled by sulfosulfuron.

Annual ryegrass and wild oats: Both annual ryegrass and
wild oats are two of the most competitive weeds of cereal

Table 12.2 — Herbicides registered for the post-emergent control of grasses in wheat.

Weed Herbicide

Timing (no. leaves) Comments on Use

Annual ryegrass diclofop-methyl

chlorsulfuron

clodinafop

tralkoxydim

Wild oats diclofop-methyl

fenoxaprop

tralkoxydim

flamprop-ethyl

clodinafop

sulfosulfuron

Barley, brome grass sulfosulfuron

1-4 Most active herbicide for this

weed in cereals

up to 3 Generally gives good control
of small weeds but sometimes
only provides suppression for

2-4 weeks.

1-3 Generally weaker on ryegrass

than wild oats

Weakest herbicide available
for annual ryegrass and is best
used where wild oats is major
weed.

Less active on wild oats than
on ryegrass. Tillered plants may
be poorly controlled.

2-7 Generally gives excellent wild
oat control even on tillered

plants.

1-6 Excellent wild oat control on

plants of most sizes.

tillering Generally applied later than
other herbicides so yield
responses may be smaller. May
control wild oat resistant to

other herbicides.
Excellent wild oat control

Good control achievable,
strong suppression common

Good control and strong
suppression of these weeds.
Severely stunted plants can
remain.
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crops. The conditions of cereal cropping favour their
germination and vigorous growth, which when combined
with their high seed populations from preceding crops or
pasture, can often lead to very large reductions in potential
yield. Both species exhibit staggered germination which
often leads to very poor cultural control. Because of their
strong competitive effect with the crop, it is desirable to
control these weeds in the first few weeks after crop
emergence if maximum benefit is to be obtained from the
use of a post-emergence herbicide. The major herbicides
for control of these two grasses are shown in Table 12.2.

Drake: Drake is a grass weed which looks very similar
to annual ryegrass at the seedling stage, but can be
identified at maturity by its larger ears and bigger seeds
(which makes separation from the cereal grain difficult).
Drake is an unwanted contaminant of grain because of its
potential to carry ergot — a fungal structure — which can
poison products made from the contaminated grain. Drake
also tends to have a slower germination than ryegrass. The
herbicides registered for ryegrass have all been found to
work in glasshouse experiments. These are diclofop
methyl, tralkoxydim and chlorsulfuron.

Canary grass: Canary grass is the only other grass weed
which commonly infests wheat and is usually confined to
heavier red clays and clay loams. While not common as a
weed, in some situations it may be of sufficient density to
justify control. The herbicides fenoxaprop and tralkoxydim
are registered and provide good control. Diclofop methyl
may give suppression if applied at the one leaf stage.

Broad-leaved weeds

The number of broad-leaved weeds found in crops is
generally much larger than for grasses. However in general
there are only a few which are sufficiently widespread or
competitive to warrant a discussion. The more common
broadleaf weeds will be discussed below. However some
weeds are of significant local importance (soursob, sorrel,
dock, fumitory, self sown legumes, wireweed, Paterson’s
Curse) and for these and less common weeds referral to the
Cereal, Pea and Lupin Weed Spraying Charts will provide
guidance to what herbicides can be used. Table 12.3 gives
an indication of the herbicides used on the major broad-
leaved weeds in W.A.

Capeweed: Capeweed is probably the most common
broad leaf weed of cereal crops given its widespread
occurrence in pastures and the relative ease with which its
seeds can be wind blown between paddocks. Seedling
capeweed in crop is readily controlled by a wide range of
products with mixtures of diuron + MCPA and 2,4-D
providing very cost effective control. Clopyralid is a very
effective herbicide for capeweed for both seedlings and
transplants. It is however slower acting than bromoxynil or
diuron based mixtures but has advantages in excellent crop
safety and in being compatible with most other broad leaf
and grass weed herbicides. Terbutryne based herbicides are
most effective on seedling capeweed but have the effect of
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causing crop yellowing in some situations. Transplant
capeweed is a major problem in some seasons and is then a
very competitive weed. Ideally the herbicide to use in these
situations is one which combines a rapid knockdown effect
with slower systemic activity. However, no herbicide
currently does this although bromoxynil + MCPA and
terbutryne +MCPA can come close. Maximum rates of
clopyralid are generally very effective, while the addition of
clopyralid to other herbicides can enhance their systemic
activity.

Doublegee: Doublegee infestation of cereals is generally
on a lesser scale than for capeweed, but its dormancy and
staggered germination can pose problems with regard to
optimum timing of application. Both metsulfuron and
diuron + MCPA have proven to be cost effective herbicides
for small seedling doublegee, with metsulfuron the
herbicide of choice where large or transplanted doublegees
occur. Dicamba based herbicides are an excellent
alternative especially if rotational options do not allow a
Group B herbicide in the cereal year. It is important to
remember that seed production can begin at relatively early
growth stages (as few as 4 leaves) especially on stressed or
later emerging plants, and that if control aims to reduce
seed production, delays in application to ensure adequate
emergence may be counter-productive in some situations.

Wild Radish (and other wild crucifers): The wild
crucifers, and wild radish in particular, continue to be some
of the most widespread weeds of cereal crops despite 45
years of chemical control. Most weeds of this family exhibit
strong dormancy and staggered germination characteristics
which make their control difficult. While the sulfonyl urea
herbicides (chlorsulfuron and triasulfuron) can provide
some measure of pre-emergence control it is usual to
require follow up treatment where these herbicides have
been used. The phenoxy herbicides 2,4-D and MCPA have
been widely used for wild radish control since the late
1940s, but because of the potential crop damage problems
have taken a lesser role in more recent years as safer
products with earlier application timings have been
developed. Both sulfonyl ureas chlorsulfuron and
triasulfuron have proven to be effective wild radish
herbicides with good capacities to kill quite large plants
when used in a late post-emergent role. Combinations of
MCPA ester or amine with other herbicides (bromoxynil,
diflufenican, diuron, terbutryne) are all generally effective
if the wild crucifers are small but some consideration of
application timing is usually necessary. Bromoxynil +
diflufenican combines two effective wild radish herbicides
which provides for good crop safety and so allows for
earlier application than with the MCPA mixture
herbicides. For best weed control with bromoxynil +
diflufenican it is necessary to ensure that rates suit weed
size. The current guidelines for herbicide rotation should
be carefully considered when planning wild radish control
as resistance in wild radish to Groups B, C, F and 1 is
present in either Australia or overseas. The rotation is
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especially important with diflufenican based products, as
Brodal® remains the key herbicide for wild radish control
in lupins.

Late post-emergence weed control

(pseudo stem elongation to grain maturity)

To avoid crop yield losses from competition, weeds
must be controlled early in the season. However, weeds
may appear late in the crop because of;

W late germination of weeds,
W failure of earlier herbicide treatments,
W lack of a control method.

It is important that these weeds are prevented from
maturing and setting seeds within the crop.

Harvested grain that is contaminated by weed seeds
and other plant fragments may be unmillable. Strict grain
receival standards for levels of weed seed contamination
and unmillable material have been defined by the grain
marketing authority.

Weed seed contamination in grain can be reduced by
improving the screening capacity of the header or by
delaying harvest until weed seeds have been shed. These
techniques allow large numbers of weed seeds to return to

the soil and will make weed control more difficult in future
crops. There is also a chance that seeds of herbicide
resistant weeds will be returned to the field. Trailing bins
behind the header have been designed to collect and
remove weed seeds from the field.

The difference in price paid for Australian Standard
White and General Purpose wheat may be sufficient to
justify commercial seed cleaning to remove weed seed
contaminants.

An integrated approach to weed control will ensure
that low numbers of seeds are carried over from year to
year. Thousands of seeds may be produced by a single
plant. While a small infestation of weeds late in the season
may not reduce grain yields, the weed seed bank may be
dramatically increased. Weed seeds returned to the field
may create a problem for many years, particularly when the
seeds have a high level of dormancy.

Late post-emergence chemical control will reduce weed
seed contamination of the harvested grain sample and
reduce weed seed carryover into the following season.

The phenoxy herbicides (2,4-D and MCPA) are
commonly applied as late post-emergence treatments and
to reduce the seed set of wild radish, wild mustard, wild

Table 12.3 — Herbicides registered for the post-emergent control of the major broad leaf weeds in wheat crops in

Western Australia.

Herbicide Capeweed Doublegee Wild Radish
Bromoxynil ) ) °
Bromoxynil+diflufenican ° ° °
Bromoxynil+MCPAe ° ° o
Bromoxynil+MCPAe+dicamba ° ° °
Chlorsulfuron °
Clopyralid °

Dicamba L

dicamba+(MCPAa or 2,4-Da) ° ° °
Diflufenican+MCPAe ° °
diuron+(MCPAa or 2,4-Da) ) ) )
Flumetsulam °
MCPA amine, ester ° °
Metosulam °
Metsulfuron °

Sulfosulfuron °
Terbutryne+MCPAa ° ° o
Triasulfuron °
2,4-D amine, ester °

MCPAa = amine form of MCPA, MCPAe = ester form of MCPA,

2,4-Da = amine form of 2,4-D, 2,4-D e = ester form of 2,4-D
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turnip and lupins. These herbicides must be applied before
booting and preferably no later than full flag leaf
emergence otherwise serious yield losses may occur (these
herbicides can stop pollen mother cells dividing and
significantly reduce pollination of the crop). Sulfonyl urea
herbicides such as triasulfuron can be applied more safely
during booting and grain filling but wild radish resistance
may limit the long term usefulness of such treatments. 2,4-
D can be safely applied after soft dough, but radish control
will be less effective. Combinations of 2,4-D ester and
Ally® have caused large yield reductions and should not be
used.

For wild oats a recent innovation is the application of
Mataven® during stem elongation through to booting at
lower rates than those necessary to kill wild oats. Such
treatments act to prevent ear development and may be
useful in preventing weed seed return to the seedbank.

The benefits of late post-emergence weed control are
reductions in;

m weed seed contamination of the harvested grain
sample,

W the need for seed cleaning,

W seed-set and seed carry-over,

W weed infestations in future crops.
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l INTEGRATED WEED MANAGEMENT

No one weed control method is normally sufficient by
itself for an effective weed control program at reasonable
cost. Instead, a combination of agronomic, biological and
chemical methods will usually be found to be the most
efficient and cost-effective. In recent years there has been a
trend towards over-reliance on the use of selective
herbicides for weed control at the expense of traditional
cultural methods. The widespread onset of herbicide
resistance has meant that selective control of annual
ryegrass, wild oats and wild radish in wheat is now difficult
for many farms and a whole farm integrated approach is
necessary. For the wheat crop a number of options are
available which can be employed to minimise the effects of
weeds in the wheat crop.

W burning stubble and header trials to reduce weed seeds
on the surface,

W light autumn cultivation to ensure even weed
germination,

W non selective herbicides such as paraquat applied after

seeding and just prior to crop emergence where the

weeds have already germinated,

Using knockdown rates of herbicides or cultivation

treatments which kill all weeds prior to seeding,

delayed sowing to ensure more weeds emerge prior to
seeding,

increased seeding rate (yield losses from weeds are

minimised with sowing rates above 100kg/ha),

closer row spacing (e.g. 3”. 7cm, broadcast) to ensure

less space for weeds and more competition,

placement of fertiliser below the seed or between twin

rows of crop so that weeds are further from the

nutrient,

W choosing varieties with the best agronomic adaptation
to the paddock so they are more vigorous (e.g. more
disease tolerant varieties) and competitive with weeds,

W ensuring insect management and plant nutrition is
optimal so as to maximise early growth and
competition,

W selective herbicides, especially in combinations or
sequences which allow for maximum control of
resistant weeds, and

W hand rogueing of plants, especially wild radish.
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l INDUSTRY PROFILE

lan Wilkinson and Jamie Henderson

Wheat is the largest of Western Australia’s agricultural
industries with an average Gross Value of Agricultural
Production (GVAP) over the five years to 1998/99 of $1.6
billion. In 1998/99 the wheat GVAP was $1.7 billion.
Over the same five years wheat represented 37% of the
total GVAP and 44% of the State’s value of agricultural
exports.

Western Australia is the major producer of wheat in
Australia. In 1997 the State produced 7.6 million tonnes of
wheat (40% of Australia’s wheat production). Production
over the 10-year period to 1999 is shown in Figure 13.1.

The Western Australian wheat industry is export
focused with around 95% of production shipped to
overseas markets. Currently approximately 300,000 tonnes
of wheat is processed locally. The level of processing is
increasing and manufacturers are looking to export their
products, particularly to the Asian region.

The Western Australian cereal industry is advanced and
innovative compared with both the eastern States and
international competitors. The 1998 Australian Grain
Industry Report prepared by ABARE showed that Western
Australian grain farms had nearly double the farm business
profit when compared to the Australian average. The sector

contributes significantly to the State, both financially and
socially, with the infrastructure of many country towns
revolving around the wheat industry.

There are around 6000 committed wheat growers in
Western Australia. The average age of the farm operator in
Western Australia is 52 years, with 18% being under 40
years old. Growers are serviced by over 300 agribusiness
consultants and agronomists who extend the latest
technology to growers. In 1998, ABARE reported that WA
grain farmers spend $2,763 on consultants (average per
farm), with 45% of grain farmers utilising a consultant. This
compares with the Australian average of $1,826 and 28%.

Figure 13.1
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Wheat production in Western Australia
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B MARKETING OF AUSTRALIAN WHEAT

Options for the marketing of wheat have become
more diverse as regulation in the industry is removed.
The pricing mechanisms available for selling wheat have
become increasingly more complex as the AWB Limited
(AWB) give farmers more pricing options. Farmers will
need to develop a more detailed understanding of
marketing and pricing mechanisms to ensure that they
achieve the best farm-gate return available for their
product. On top of this farmers are becoming
increasingly aware of the opportunities for better price-
risk management than they have had in the past.

AWB Ltd

The AWB is a national and international grain-
marketing organisation that markets wheat and other
grains on behalf of Australian grain growers and provides
finance to growers, to make payments in advance of
revenue received on wheat sales. The AWB is Australia’s
fifth largest exporter, with annual sales revenue in excess
of $4 billion. It serves Australia’s 40,000 grain-growers in
marketing wheat to more than 50 countries and 100
individual customers.

On 1 July 1999 Commonwealth legislation was
enacted to move the AWB from its role as a statutory
authority to a grower-owned and controlled organisation.
The AWB is now a stand alone corporation under
Australian Corporations Law, run by its own elected
board, owned and controlled by Australian wheat
growers, and with an opening capital base of around
$550 million.

The only remaining area of substantive Government
involvement in the AWB’s current operations is in the so-
called “single desk” export powers for wheat. Legislation
has been retained to give the AWB the sole right to export
wheat in bulk. This is contingent on the review of the
legislative arrangements that will be carried out under the
auspices of the National Competition Policy.

AWB Limited will have two subsidiary companies —
AWB (Australia) Limited and AWB (International)
Limited:

W AWB (Australia) Limited will be responsible for
domestic wheat and other grain trading and the
export of non-statutory grains, as well as other
commercial ventures undertaken.

W AWB (International) Limited will be the subsidiary
company responsible for the wheat export pools and
will be focused on maximising pool returns.

As a grower-owned private company, the focus of the
new AWB will be to maintain a commercial focus on the
creation and maximisation of returns for its shareholders.
The parent company AWB Limited will be responsible
for all funding and the provision of shared businesses and
corporate services. This company will act as borrower for
the AWB Group and will on-lend to the subsidiaries,
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particularly the pools subsidiary to fund advance

payments to growers.

Being the sole exporter of Australia’s wheat, the AWB
carries the collective risk of international price and
financial exposures on behalf of Australia’s wheat growers.

The AWB has a number of marketing mechanisms for
farmers to utilise. The most popular, and the mechanism
for the majority of wheat receivals, is the pool. The AWB
has established a series of pools based on variety, quality
and protein windows, some of which also contain
segregations and payment scales based on the protein
level of the wheat. The wheat received is stored according
to these grades and segregations. This allows the AWB to
offer more direct feedback on prices for different quality
wheats. It also enables the AWB to meet the needs of the
customer more specifically, as they have a full range of
wheat qualities available to market.

The grades of wheat produced in Western Australia
are:

B Australian Standard White (ASW) — a versatile
medium to low protein wheat suited to straight
milling or blending. Used to manufacture of steamed
buns, instant noodles and some types of flat bread.

B Australian Premium White (APW) — a blend of
harder grained varieties with a minimum protein of
10%. Targeted at instant, fresh and Hokkien noodles,
Middle Eastern and Indian style flat breads and
Chinese steamed bread.

W Australian Hard 1 (AH1) — contains specific hard
grained varieties of superior milling quality. It has a
minimum protein of 11.5% and excellent milling
extraction rates. It is aimed at European pan style
breads, Middle Eastern style flat bread, some Chinese
steamed products and Chinese style alkaline noodles.

M Australian Hard 13 (AH13) - only nominated
Australian Hard varieties can be delivered to this
segregation, at a minimum of 13% protein.

W Australian Noodle (ASWN) — contains very specific
soft-grained wheat varieties. Formed to supply the
white salted noodle market in Japan and South Korea,
which requires unique starch quality.

W Australian Soft (AS) — a unique blend of white soft-
grained club wheat varieties with a maximum protein
level of 9.5%. Suited for end-users making sweet
pastry, biscuits, cookies, pastries, cakes, steamed buns
and snack foods.

W Australian Durum (AD) — selected durum varieties
with vitreous, amber coloured kernels and a
minimum protein content of 13%(AD1), 11.5%
(AD2) or 10% (AD3). Milled to produce semolina,
which is ideally suited to the production of high
quality wet and dry pasta products.

Pooling allows the AWB to sell the season’s wheat
harvest over a period of time, smooth out price variations
in the world markets, and return an average price to
growers. At harvest, farmers receive an advance payment
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of 80% of the expected pool return. This gives farmers
some payment for their product even though the product
hasn't been sold. The AWB spreads the sales of the pool
over time and in different markets and environments to
try and maximise pool returns. The pool is usually
finalised in 2-3 years and the farmers receive a final
payment on the pool. This covers the remaining 20% of
the return. This system requires the AWB to borrow large
amounts of money to cover the harvest payment and the
government previously underwrote this borrowing. The
AWB will now finance the advance payments using the
capital accumulated through the Wheat Industry Fund
levy, which has been converted into shares allocated to
the growers who have made the contributions.

The AWB Ltd in 1999 has launched 4 new pricing
mechanisms for pools. The first is the 80% up-front
harvest payment, which will operate, as has been the case
in the past but will incur a $2/t underwriting fee and a
financing fee.

The second option is the quarterly payment, which is
an Australian dollar payment in four quarters as the AWB
Ltd progressively sells the pool. The option will incur
minimal borrowing costs but the farmer will not know
exactly what he/she will receive for their wheat in the
pool.

The third option is the quarterly payment in US
dollars. This is the same as the second alternative but
payments will be received in US dollars and the AWB Ltd
will not undertake any foreign exchange management of
those funds. This puts the onus on the farmer to
undertake a foreign exchange management strategy.

The fourth option is the quarterly payment in US$
per tonne converted to AU$ at the spot rate at the time
of payment.

The AWB has several other mechanisms for selling
wheat, which include the cash payment for delivery to the
port. This offers an immediate and known return for
farmers, however the price for port delivered wheat is
often lower than the final pool return, even after
discounting future pool payments.

Farmers have the ability to hedge their wheat sales, by
buying (or selling) Chicago Board of Trade (CBOT)
and/or Sydney Futures Exchange (SFE) futures and
options in order to hedge the price they receive for their
wheat. The international futures prices can be used as a
price setting mechanism for wheat, at planting or at any
time through to when the wheat is physically sold. The
Chicago Board of Trade is the major grain trading futures
exchange in the world and the price of the wheat futures
on the CBOT significantly influence the final pool price
of the AWB.

It is likely that an increasing number of marketing
mechanisms will come on-line for use by farmers.
Information on these mechanisms can be obtained
through AWB Ltd, agribusiness consultants and
marketing newsletters.
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Domestic Marketing Arrangements

The domestic (Australian) wheat market was
deregulated in 1989. Since then, producers have had
greater options available in selling wheat and have had
greater control over their financial outcome for the
year.

The domestic market is relatively small when
compared to the export volumes from Australia each year.
For Western Australia around 200,000 — 250,000 tonnes
would be utilised for milling to produce flour, most of
which is consumed domestically. In parts of the eastern
States, however, the domestic market has become a
significant user of wheat, particularly in years where there
are production problems for wheat.

The domestic market is limited by the small
population of Australia compared to our production of
wheat, but has been expanding in recent years as the
consumption of noodles and pasta has increased. The
instant noodle market has grown strongly as consumers
increasingly seek convenience foods. This has seen the
establishment of a number of noodle manufacturers in
Australia.

As the domestic market for wheat is not regulated,
there are a number of options for marketing wheat:

1. Direct purchase by processors from farmers — usually
for a cash price, with the potential for on-farm storage
and deferred delivery. There is a small but increasing
amount of high quality wheat being purchased by
forward contracts between growers and millers. Such
contracts would specify such things as variety, protein,
moisture, screenings, etc. By targeting good farmers
in specific areas, it is possible to get reliable supplies of
wheat of very specific quality. Farmers benefit from
having very direct feedback as to the quality
requirements of the processor.

2. Purchase by domestic traders/merchants — who will
source packages of wheat of the required
specifications for the processor. Again forward
contracts can be utilised and specific qualities can be
specified. An advantage of processors using traders is
in utilising existing expertise and local knowledge that
is available to source wheat of the required quality.
Also, the logistics of storing, handling and
transporting the grain can be organised on behalf of
the processor.

3. Sell direct to the AWB Ltd — to its trading division,
which can provide similar service to other traders,
including cash prices and premiums for specific
quality traits.

Prices are quoted at a number of levels; such as free on
board (FOB), delivered port, or delivered to processor.
Because of this it is important for growers to convert all
prices to a farm-gate return when comparing wheat prices
on offer. The basis of pricing terminology is explained in
the following diagram:
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CIF - COST INSURANCE FREIGHT
Landed price at export destination (includes shipping and insurance costs)

l minus shipping and insurance costs

FOB - FREE ON BOARD
Price of wheat loaded onto vessel ready to sail

POOL RETURN
Average FOB return less AWB finance and administration costs

minus storage and handling charges
+/- port allowance

DPB — DELIVERED PORT BASIS
Value of wheat delivered to port,
ie, NPR — CBH charges (plus or minus port allowance for wheat)

l minus freight to port

SILO RETURN
Value of wheat on delivery to silo
ie, DPB — Freight to Port

minus
cartage to bin, CBH tolls
levies
skeleton weed ($0.15)
Industry levy* (1.03% ‘farm gate return’)
1% GRDC
\ 0.03% residue testing

FARM GATE RETURN

WHEAT PRICING TERMINOLOGY

minus AWB finance (borrowing to support pool payments) and
administration costs (includes promotion, currency and commodity risk cover)

*The Wheat Industry levies are calculated on an estimated farm gate price.
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Major Markets

Australia produced an average of 13.7 million tonnes
of wheat per annum over the last 5 years, making Australia
the 8th largest producer of wheat in the world. While this
does not make Australia a major player in terms of
production, we export a large proportion of our
production due to our small population base and
consequently our low domestic demand. Supply and
disposal of Australian wheat is shown in figure 13.2.

While prices received on the export market are largely
dependent on world prices, the sale of grain domestically
offers producers a greater range of market opportunities
and pricing mechanisms.

The Domestic Market

The domestic market is relatively small but still
significant to the Australian industry and economy.
Deregulation of the domestic market in 1989 has allowed
Australian grain growers to have some freedom in where
and how they sell their grain.

The domestic wheat market is dominated by several
grain trading companies and many smaller traders and
processors who purchase wheat to meet their processing
needs. These usually have a specific quality specification
depending on the end use.

Use of wheat on the domestic market is in three
categories; human/industrial, feed, and seed use. Over the
past five years, human/industrial and seed use of Australian
grains has been increasing slightly. The use of wheat for
feed purposes has been increasing at a more rapid rate and
showing signs of continued expansion in the future.

A comparison of the production of flour for various
end-uses in Australia is shown in the table 13.1.

Table 13.1 Comparison of the production of flour for
end-uses

Tonnes produced
End Use 1988 1998
Starch/Gluten 300,302 459,803
Other Industrial 5,876 3,816
Bread bakers 562,705 777,243
Pastry cooks 93,317 65,418
Biscuit 81,379 84,315
Pasta 44,210 76,315
Packet and Mixes 79,709 115,798
Food Manufacture 97,349 127,798
DOMESTIC TOTAL 1,264,847 1,710,506
Export 85,881 202,051
TOTAL FLOUR 1,350,728 1,912,557

265

The domestic grain industry is able to increase value
through further processing of whole grain. Opportunities
for growers in terms of marketing domestic grains provides
some potential benefits to the grains industry and
alternatives to exporting, which is vulnerable to price
fluctuations due to an unstable world market. Total
Australian wheat use for milling is around 2 million tonnes
per annum and milling volume is only expected to increase
slowly in line with population increases and increased
export opportunities for flour.

The more prominent areas of further processing are the
beef feedlot industry, the pig industry and the poultry
industry. In recent years these have been expanding their
use of feed grain and are becoming more quality specific as
their operations increase in efficiency and intensiveness.
This has seen the introduction of specialist high-yielding
feed wheats in high rainfall parts of Australia.

Apart from the stockfeeders there are a large number of
other potential domestic niche markets for wheat. Some of
these niches have already become significant to the wheat
industry, and include:

W Starch and industrial wheats;

B Durum wheat for pasta;

m Novelty wheats (purple wheats);

B Wheats for ethanol production; and

W Fodder wheats for hay, chaff and grazing.

Export Market

The major competitors for Australian wheat exports are
the USA, Canada, the European Union and Argentina.
Two products dominate world cereal trade — wheat and
corn —which account for around 85% of all cereals traded.
World wheat trade (around 100 million tonnes) is
dominated by the US, which supplies a third of all exports.
Other major players are Canada at 20%, the EU at 19%,
Australia at 10% and Argentina at 7%.

World wheat markets can be broadly categorised into
three main types — commodity (price driven, low loyalty),
relationship  (price enhancement, some quality
requirements, technical assistance provided) and branded
(quality driven, high loyalty, price premiums). This is a
dynamic situation. Over time, competition will develop a
product and service similar to a branded market.

There is a trend towards reduced regulation of
purchasing arrangements in the major wheat importing
countries (eg. COFCO in China, BULOG in Indonesia).
This will open up opportunities for the Western Australian
industry to deal more directly with the users of cereals
enabling the development of relationship markets, and
perhaps in the longer term more branded markets. The
majority of wheat sold around the world is sold as a
commodity, but AWB Ltd is looking to increase the
proportion sold into higher paying markets. Over time
these premiums will be passed back to growers as a strong
signal of market preferences, thus allowing growers to tailor
production to market requirements.




CHAPTER 13 — MARKETS AND MARKETING

THE WHEAT BOOK

B MARKETS FOR AUSTRALIAN WHEAT (continued)

Figure 13.2
25,000
20,000 /\ _*
V
15,000 p——— \/ /Qf/“\
10,000 .\'/.\\./ \t//
5,000 W
KX
N P E
AN VA
0 T T T T T T T T T
1988-89 1989-90 1990-91 1991-92 1992-93 1993-94 1994-95 1995-96 1996-97 1997-98 1998-99f
f - ABARE Forecast
| —4— Production —#- Domestic Use Human & Industrial —*—Feed Seed —®—Export |

Supply and disposal of Australian wheat

As can be seen in figure 13.2, the vast majority of
Australian wheat production is exported each year. The
production in Australia varies depending on the weather
conditions, but due to Australia’s diverse climates for
growing wheat the production level is more consistent than
in most other wheat producing countries. The export level
of wheat depends on this variation in production with
increases in good production years and decreases following
poor seasons. The domestic market is relatively stable in its
use of wheat, as it is more dependent on the demand of the
processors, which does not usually change a great deal from
year to year.

The AWB Ltd has established a large number of
international customers that consistently buy Australian
wheat.

The major international markets for Australian wheat
are: Indonesia, Japan, Taiwan, Saudi Arabia, Egypt, India,
Malaysia, United Arab Emirates, China, South Korea,
Iran, Irag and Yemen. The sales to these markets are very
variable with the changing political, climatic and market
situations in each country. A good season may reduce
imports from Australia to almost nothing where-as a bad
season increases imports dramatically. Australia has
developed markets that see Australian wheat as high quality
and are in many cases willing to pay a small premium for
the wheat. Sales to these countries are negotiated and
enhanced by the AWB international units, which are
located in South East Asia, Hong Kong (North Asia),

Tokyo, and Middle East/Africa.

In recent years the AWB has been very conscious of the
needs of the customer and has placed a lot of emphasis on
customer service. It also researches market trends to match
the wheat varieties grown and pool specifications with
requirements of the customers and processors. The aim of
this marketing strategy is to develop customer loyalty,
which will produce more consistent sales with customers
that value Australia’s product over our competitors.

Major End-Uses for Australian Wheat
and Quality Requirements

Australian wheat has achieved a reputation for
producing clean, white wheat with low screenings, insect
free, sound and with low moisture content. The primary
quality differentiating Australian wheat in the international
market place is that it is white grained (most wheat traded
is red wheat). Australia has a climate that is suited to the
production of white wheats, which have high extractability
in flour production and are therefore more cost effective
for flour millers.

These qualities and the increasing efforts of wheat
farmers to tailor their varieties and protein content to meet
end-user requirements, allow the Australian wheat industry
to supply more specialised markets rather than solely
providing a bulk undifferentiated product.

Australian wheat is used to produce a large number of
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different products for a wide range of cultures throughout
the world. These include traditional breads (flat breads,
steamed breads and many others), noodles, biscuits, cakes,
and pasta.

There is a great diversity of products that can be made
from varieties of wheat grown in Australia. Various
institutions within Australia including state Departments
of Agriculture, CSIRO, the Bread Research Institute, and
the Academy of Grain Technology, have been researching
how to best meet the needs of the customers and Australia
is now at the forefront of research into the quality
requirements of different end-uses of wheat.

Bread

There is a range of different bread types that are made
throughout the different cultures. These breads have
different ingredients, preparation, processing and cooking
methods and even in many cases used different grades and
types of flours. These breads include Loaf or Pan Bread,
Flat Bread and Steamed Bread.

Loaf or Pan Bread

Loaf or pan bread is the standard bread that is eaten in
most of the western world. Produced in a wide range of
shapes it is commonly white bread that is produced daily
and consumed over 1 or 2 days. Recent years have seen
some diversification of pan breads produced with multi-
grains, high fibre, and wholemeal, becoming more
significant in the market place.

Flat Bread

Exports of wheat destined for flat bread production in
the Middle East form a significant proportion of Australia’s
wheat exports. Increased popularity of this product within
Australia has lead to a growing domestic demand.

Flat breads may be single or double layer breads and
include Baladi Bread, Naan, Tanoori, Lavash, Sangak and
Arabic bread. Flat breads are consumed as a staple food in
many countries and are traditionally made by hand at
home or in small, localised bakeries. There has been a big
shift in the last ten years towards centralised production in
more fully automated bakeries.

Baladi bread is the major bread type consumed in
Egypt. It is a two-layered flat bread that is made from high
extraction flour, yeast, salt and water and is mainly made by
hand. Tanoori (taftoon) bread is a single layered flat bread
consumed in the gulf countries of Iran, Iraq and Syria.

It is one of the Arabic breads also known as pocket,
pita, or lebanese bread which is created by separating the
two layers during baking.

The Australian industry and the consumption of flat
breads have expanded considerably in recent years with
flour consumption for flat bread production increasing
from 2,300 tonnes in 1986 to 5,600 tonnes in 1989. The
product was initially manufactured in small ethnic bakeries
and sold within the local community, but with acceptance
of the product, the size of these bakeries has increased. Flat
breads have now become widely available in the major
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supermarket chains.
Steamed Bread
Consumption of Chinese steamed bread is predicted to
increase in both China and other Asian countries. A
contributing factor to this growth is that, as a traditional
product, steamed bread is also a convenience food. With
steamed breads now marketed through supermarkets and
fast food outlets, the technology requirements for
production and shelf-life expectations are becoming more
demanding.
There are three types of steamed breads produced.
These are:
m Northern Style, made out of hard wheats that have
strong dough and are high in protein.
W Southern style, made out of hard wheats but with
lower dough strength and protein levels, and
B Cantonese style buns, made from the softer grained
wheats. These are usually sweet and eaten as a snack
food.

Noodles

There are a number of different noodle types, which
fall into the two categories; yellow alkaline or white, salted
noodles. The main yellow alkaline noodle types are
Cantonese, Hokkien, Ramen and instant noodles. The
main white types are Udon and Long Life noodles. Some
white instant noodles are also produced. Yellow alkaline
noodles are made with various wheat qualities ranging
from ASW to AH and APH. The ASW-N segregation is
ideally suited to the production of white, salted noodles.

About one third of Australia’s wheat production is used
in the manufacture of Asian noodles. This represents about
$800 million worth of wheat. About 70% of this wheat is
from Western Australia. Japan is one of our most
important noodle wheat markets and it imports about
18% of its wheat from Australia.

In Asia 65-70% of wheat is consumed as noodles.
Noodle consumption world wide is increasing with Asian
consumption expected to increase to 85 million tonnes and
imports of noodles into Asia are expected to increase to 17
million tonnes by the year 2000.

The Asian market is very quality conscious in terms of
noodles and the consumers are seeking good brightness,
colour and stability of colour as well as good firmness,
chewiness and smoothness. Considerable work is being
carried out in Australia to determine which quality
characteristics are appropriate to produce each noodle type.

Biscuits, Cakes and Pastries

Sweet biscuits, cakes and pastries are best made from
flour produced by milling low protein, soft grained wheat.
Again, there is strong growth in consumption in the Asian
region for these products, but from a relatively low base.
Currently there are export markets for 350-400,000
tonnes, and further expansion will be reliant on enlarging
our share of this market.
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Pasta

Pasta consumption is another area that has seen great
expansion in the 1990's. Australian consumers have begun
to diversify their tastes and this has lead to increased pasta
and noodle consumption. Strong growth in pasta
consumption is also occurring in the Asian region, but
again this is from a low base.

Pasta is traditionally made out of 100% Durum wheat,
which is milled to make semolina that is then used to
produce the pasta. More detail about Durum wheat and
the industry in Australia and the establishment of an
industry in Western Australia can be found in the Chapter
on Durum wheat.
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l DURUM

Alfredo Impiglia

ORIGIN

Wheat was probably domesticated around 12,000 —
15,000 B. C. in the Near East area known as the “Fertile
Crescent”, a mountainous hilly region in the upper reaches
of the Tigris-Euphrates drainage basin. Great variability
through thousands and thousands of generations has been
increased in tetraploid (e.i. durum wheat) and hexaploid
(e.i. bread wheat) by their ploidy level and by the survival
possibility of mutations, which permit progress in human
utilization of these cereals.

Most certainly, wild tetraploid wheats were already
widely distributed in the Near East when humans started
harvesting them in nature. Their general size, and
particularly the size of the spike and the kernels, made
them much more worthwhile for domestication than
diploid wheats. Moreover, the spikelet was structured to
differentiate two or three flowers, and then each spike,
consisting of 15-20 spikelets, could provide 30-50 kernels.
Therefore, the potential of tetraploid wheats was quite
interesting from the beginning. The two wild tetraploid
types, T. araraticum and T. dicoccoides, were both
domesticated. The first gave T. timopheevi and the latter
gave T. dicoccum. T. dicoccum spread from the Near East to
large areas of the Mediterranean and Middle East, to
Egypt, and to Ethiopia. Later, the more advanced types,
characterized by naked kernels and much wider
adaptation, belonging to T. turgidum var. turgidum and T.
turgidum var. durum (durum wheat) spread to all Europe,
the Middle East and North Africa. During the Roman
Empire, most of the wheat carried to Rome from the
colonies belonged to the T. durum-turgidum-dicoccum
group. The basic differences between the T. turgidum and
T. durum types are in the kernel structure (starchy in T.
turgidum and vitreous in T. durum) and in the better
adaptation of T. durum to semi-arid conditions and of T.
turgidum to more continental and humid climates. Both
types were used for bread making and for a number of
other uses such as lasagna sheets, some of which are still
common today. Among all cultivated tetraploid wheats, T.
durum is by far the most important, even though it is
grown in less than 10% of all the area cultivated to wheat,
the remainder being represented by the bread wheat, T.
aestivum.
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All wheats, durum included, belong to the genus
Triticum, a member of the grass family, Gramineae
(Poaceae). Durum is a typical annual cereal. It is a
tetraploid wheat with genomes AABB [2n=4x=28]. Early
cytogenetic studies led to the conclusion that durum wheat
(genome AB) is derived from a tetraploid hybrid of diploid
T. boeoticum or T. baeoticum (donor of the genome A) x
an unknown wild grass (donor of the genome B). Each of
which contributed a set of seven chromosomes (genome)
(Sax, 1922; Kihara, 1924). However, Konarev et al.
(1979), from studies conducted on seed storage proteins,
found that the genome A in the T. turgidum lineage was
contributed by T. urartu. In 1988, Dvorak et al. concluded
that tetraploid wheats are closer to the genome A of T.
urartu than to the genome A of T. boeoticum. As for B
genome in durum, it seems to have originated from T.
speltoides (Dvorak and Zhang, 1990, Dvorak et al., 1993),
but the B genome origin is still not so clear. The durum
kernel has the hardest texture of all wheats and it is also
larger and more vitreous than bread wheat. The durum
endosperm contains a higher concentration of xanthophyll
or lutein pigments than bread wheat and the desirable
milling product is generally semolina, which is a coarser
flour used for making pasta.
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Durum covers approximately 21 million hectares
worldwide, spread over many countries. More than 80% of
the total land under durum cultivation is in the
Mediterranean basin (Srivastava et al., 1988), where
rainfall and temperature show large and unpredictable
fluctuations from year to year. Another major source of
durum is North America and prediction in Australia is
increasing rapidly.

Due to its greater adaptability in harsh environments
than bread wheat, durum has been concentrated in the
driest areas of the West Asia and North Africa (WANA)
region and South Europe.

Production of durum in the world is relatively stable at
about 30 million tonnes. In countries with a long history
of durum improvement such as Italy, France, Canada and
the United States, production is stable but quality is
improving. In countries with a long history of durum
production, but where there has been a recent impetus for
durum improvement, such as Mexico, Turkey, Tunisia,
Spain and Syria, yields and production are increasing (table
14.1).

In Australia, durum production started in northern
New South Wales and southern Queensland and spread
more recently to South Australia. Commercial production
began in Western Australia in 1998 and production of over
100,000 tonnes is estimated in five years time. Production
in 1998/99 and estimated production in 1999/2000 are
shown in table 14.2.

Production in Australia has been increasing with a
record crop in 1998 of over 400,000 tonnes. However,
production has fluctuated in the last 10 years between
50,000 and 400,000 tonnes taking Australia from an
importing to an exporting situation, depending on season.

The major exporters of durum grain (including
semolina) in the world are Canada, the USA and the
European Union (EU). Exports from the USA and the EU
have declined over the past 10 years but have increased
slightly from Canada. New exporting countries such as
Turkey, Syria and Mexico have partially compensated for
the decline in exports from the more traditional countries
above.

Table 14.1 — World production, area and yield of

durum wheat (mean 1985 to 1995). [Source:

International Grain Council]

Region Production Area Yield
(‘000 t) (‘000 ha) (t/ha)

Europe 7829 3003 2.6

EU 7778 2981 2.6

North & 6712 3347 2.0

Central

America

South 164 87 1.9

Americ

Asia 8119 5438 15

Middle East 6384 4323 15

Africa 3446 3140 11

World 28611 17260 1.7

The major importers are the EU (Belgium, Italy), the
Americas (USA, Venezuela), Asia (Turkey, Bangladesh,
Japan), the Far East (unspecified countries) and Africa
(Algeria, Libya, Morocco, Tunisia); Figure 14.1 shows the
world durum trade where some countries are both
exporters and importers of grain and semolina.

In the past 10 years the price of durum wheat in North
America has risen from about $US120/tonne to about
$US270/tonne (FOB). Price rises since 1990/91 has been
associated with constant increases in demand rather than
with decreases in availability.

In Australia there has been a premium for durum
higher than bread wheat at the same protein percentage
that varies from A$40 to about A$115/t depending on the
grade and the international market price (Figure 14.2). For
the last 6 years the average differential in price was A$64/t
between durum grade 1 at 13% protein (ADR1) and
Australian Hard at 13% protein (AH13) in WA. In
1994/95 durum pool was not available.

Table 14.2 — Durum production in Australia (1998/99 and 1999/2000 forecast)

1998/99 1999/2000*
State Hectares GrainYield  Production Hectares GrainYield  Production
(‘000) (t/ha) (‘000 t) (‘000) (t/ha) (‘000 t)
NSW 133 2.3 300 150 2.7 500
SA 33 2.6 85 35 2.6 90
QLD NA NA 15 NA NA 20
WA 2 15 3 19 1.6 30
Australia 403 650
* Estimated
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World durum trade by region.

Durum wheat production and productivity is not
stable due in part to the climatic conditions under which
the crop is grown and in part to biotic stresses.

Durum is mainly used for human consumption and
the major end-product is pasta.

Table 14.3 — Major uses of durum in the world.

Price history comparison between ADR1and AH13.

Global consumption of durum has been divided into
groups according to broad regions in table 14.3. The
dominant use is for pasta except in the WANA region
where bread and other traditional end-products are
important.

Consumer use WANA Europe Americas Australia
(%) (%) (%) (%)
Pastas 20 94 97 98
Bread 40 3 1
Couscous & Burghul 30 2 1
Others 10 1 0

Estimated by Varughese (1975) re-evaluated by Nachit (1994) and Impiglia (1998)
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The quality of durum grain is strongly reflected in the
quality of the end product. The suitability of durum for
pasta manufacture is a function of a combination of its
proteins, carbo-hydrates and lipids. High protein
percentage alone does not guarantee optimum pasta
quality since the quality of the proteins (e.i. seed storage
proteins) are a key factor for good cooking properties in the
pasta. Quality characteristics of durum that make it
suitable for pasta are also its vitreousness, starch structure
and yellow pigments. Desirable characteristics in a sample
of durum are high protein percentage and test weight, low
ash content and large plump grains.

Elasticity and extensibility of the gluten complex in the
grain, confer the viscoelastic properties to the dough,
which make durum well suited for pasta as well as
couscous, burghul, frike, bread and other Mediterranean
local food product. Functional properties of durum flour
products are mainly determined by the seed storage
proteins present in the endosperm (Kasarda et al., 1976).
Extensive studies have been conducted on the variation
and genetic control of the seed storage proteins, gliadin and
glutenin, of durum and bread wheat and their association
with wheat end-use quality (MacRitchie et al., 1990).

For a good end-product in durum, it is important to
have large protein content with a good amino acid
composition. Other substances like vitamins, minerals, and
starch are relatively less important because they are
generally present in other parts of the human diet.

Durum kernels are normally hard and similar in
protein level to the hexaploid hard wheat. However, in
Western Australia the Australian durum varieties have
shown higher protein levels than the current bread wheat
varieties at the same pedo-climatic conditions. Virtually all
varieties have amber, vitreous, and rather large kernels.
However, durum proteins are deficient in some essential
amino acids such as lysine and threonine, which is the
limiting nutritional factor; this is common for most cereals.
For this reason the first priority for a breeder is to improve
the total amount of proteins.

The protein content is usually about 13% in durum
wheat (ADR1 grade), but may reach 22%. Protein content
is strongly affected by moisture, temperature, and nitrogen
supply. Kernel disorders due to stresses and diseases may
also affect the durum grain quality. Yellow berry or starchy
kernels is caused by lower protein content in the grain
which is reflected in low semolina yield when the kernels
are milled (Matsuo et al., 1980). Yellow berry is also caused
by nitrogen deficiency, and related, indirectly, to water
supply. Shrunken grain is also an undesirable character in
durum wheat.

However, the quality of the proteins present in the
endosperm also plays an important role for a good end-
product. The seed storage proteins, gliadin and glutenin
(also called gluten proteins) are responsible for the
rheological (viscosity and elasticity) properties of the gluten
and affect the biological value.
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There are several grain quality factors related to a good
durum cultivar and its end-product (table 14.4). Quality
tests are applied to grain, as well as semolina, spaghetti or
bread or other end-products. Therefore, the criteria for
durum wheat grain quality are botanical, physical, and
chemical (table 14.5).

Table 14.4 — Grain quality factors for durum end-use
products.

Product Quality factors

Bread High gluten strength, medium-
high protein content, light color

Pasta high gluten strength, high protein
content, high yellow pigment content,
vitreousness, high semolina yield

Couscous | As for pasta

Burghul As for pasta plus large kernel size

Frike Immature large kernels at dough stage,
hardness

Export As for burghul

Williams et al. (1989)

Table 14.5 — Criteria for grain quality in durum.

Botanical | Species, cultivars

Physical Test weight, thousand kernel weight,
kernel size, vitreousness, moisture, flour

colour, shrunken broken, milling quality,

Chemical Moisture content, protein content,
protein quality, yellow pigment alpha-

amylase activity, fat acidity, ash

Impiglia (not published)

Durum is processed into semolina, which is coarser
than standard wheat flour. Semolina extraction is around
68-70%. Pasta, couscous, burghul and frike products
should be made only from durum semolina, due to the
particular properties of the grain. All those products
require the same grain characteristics as for pasta, while
durum bread, which has a longer shelf life than bread made
out of bread wheat, has different quality requirements.

Durum is not only a food crop, but it also has a broad
use in animal feeding and in the industrial sector. Durum
grain is a good livestock and poultry feed when used as a
part of the ration. Most wheat milling by-products,
especially bran, are utilized in the preparation of
commercial livestock feeds. In some areas, durum is grazed
each year while the plants are in the juvenile stages. The
same fields are later harvested for grain. Controlled grazing
allows efficient utilization of durum as forage. In some
cases the green crop is utilized as hay or silage. Durum
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straw is often used as part of the roughage fed to
ruminants, and is used extensively for livestock bedding,
for instance in Syrian dry-lands. Industry utilizes some
durum straw in making paper, wallboard, packing
material, various adhesives for paper boxes and plywood,
paper, alcohol, and other products. A minor use of the
starch is in the textile industry.

Breeding efforts, conducted particularly during the last
two decades by national and international centres, have
contributed to a substantial and continuing trend of
improvement of durum yield and grain quality.

278




THE WHEAT BOOK

CHAPTER 14 — SPECIAL WHEATS

B MORPHOLOGY

Durum has a rather strong root system, with a number
of fibrous and long roots growing to a depth of more than
1 min good conditions. The stem is cylindrical, erect, and
sometimes solid (Australian durum varieties have solid
stems), but more often hollow, subdivided into internodes
by well-identified nodes, each one being the origin of a leaf.
Leaves are distichous, composed by a basal portion, the leaf
sheath, and a terminal portion, the leaf. At the attachment
of the leaf, on the leaf sheat, there is a thin trasparent
membrane, the ligule, with two small lateral appendices,
called auricles. Flowers are typically hermaphroditic,
clustered in sessile or nearly sessile spikelets that are layered
upon each other to form a spike. Flowers vary from two to
six per spikelet in durum (but up to eight in bread wheat).
In durum, the superior glume has an awn 3-20 cm long.
At the base of each flower are two small bodies, lodicules,
which become turgid at the blooming stage, inducing the
opening of the glumes and then of the flower. The fruit is
a large caryopsis, generally with a large flint endosperm and
a flattened embryo located at the apex of the seed and close
to the base of the flower.
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The life cycle of durum can be subdivided into three
main phases: 1) the embryonal phase, which is from the
flower fertilization to the ripening of the seed caryopsis; 2)
the vegetative phase from seed germination to the first
differentiation of the apex; and 3) the reproductive phase
from the first differentiation of the inflorescence, the spike,
to blooming. Transition from one phase to the next is
controlled both by environmental and genetic factors and
their interaction.

The physiological processes connected with seed
germination can take place at 1-2°C, but the optimal
temperature is 20-25°C. During this first phase, water
uptake occurs and the kernel reaches about 150% of the
initial weight in 10-15hr. Imbibition triggers cell
elongation and biochemical activity. The embryonal shoot
and roots start growing, emerging from the pericarp.
Mitosis starts 12-24hr after the beginning of the
germination process, depending upon the temperature.
After germination, at the emerging of the fourth leaf,
adventitious buds appear at the insertion of leaves, starting
the tillering process. These lateral shoots are already present
in the embryo but are developed only if the minimum
temperature is less than 13-15°C for at least 20-30 days
after germination. Adventitious roots are formed at the
base of each tiller; which are largely physiologically
independent of each other up to the end of the
development cycle. These clusters of roots grow rapidly
into the soil functioning both to take up water and
minerals and to anchor the plant. In normal cultivation
conditions, each plant consists of one to three tillers, each
one developing into one head. In optimal growing and
cultivation conditions a larger number of tillers and heads
per square meter can be produced.

The vegetative phase ends with the differentiation of
the apex into the spike primordia. These primordia then
develop at the same time as the elongation of the stem and
of the internodes and the connected development of leaves,
which normally increase in size. This phase is responsible
for the proper formation of the spike. Differentiation of
flower organs ends with heading and flowering. Normally
durum wheats are self-fertile, even though out-crossing can
reach 5%, depending upon the variety and environmental
conditions. Humid conditions are more favorable to
selfing, whereas drier conditions favor out-crossing. At
anthesis, anther filaments elongate rapidly and anthers
release yellow pollen grains, first at the base and then at the
apex. Thus, normally a large amount of pollen dusts the
feathery stigmas of the same flower, and the remaining
pollen is released outside the flower, into the air. The
blooming of each spike lasts three to six days, depending
upon the weather conditions. It begins in the lateral florets
at the center of the head and proceeds toward the apex and
the base of the spike and toward the central flowers of each
spikelet. Once fertilized, the ovary rapidly increases in size,
and the caryopsis develops. Two to three weeks from
fertilization, the embryo is physiologically functional, able
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to develop into a new seedling. At the third week, the
caryopsis is normally at the milky stage and still retains the
chlorophyll synthesis. From this phase onward, the
accumulation of reserve substances (starch and protein)
rapidly increases the dry weight of the seed. This phase
(from fertilization to ripening) lasts 3-7 weeks, depending
on the genotype and the environmental conditions. In this
phase, the economic yield is accumulated. Complete
ripening is attained when the water content of the seed is
below 15%. The ability to accumulate a high level of
reserves during the last three weeks, particularly in
conditions of water stress, is a genetically controlled trait of
enormous importance in a large part of the area in which
durum is cultivated.
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Durum evolved in the Mediterranean basin where the
soils are mainly alkaline clays and clay loams and the climate
has wet winters and dry summers. The main production
areas in the world have climates that range from moderate
rainfall (more than 350 mm annually) with low winter
temperatures, to low rainfall (less than 350 mm annually)
with mild winter temperatures and various combinations of
these. Durum has not so far been widely adapted for winter
sowing in summer dominant rainfall areas, or to acidic soils.
The performance of durum relative to bread wheat on soils
with pH less than 6 is extremely poor (see Table 14.6); grain
yield and protein percentage are very low and there is no
advantage for durum over bread wheat.

Table 14.6 — Yield of durum relative to bread wheat on
acidic soils in Western Australia

Site and year Percentage of | Average grain
bread wheat yield
grain yield (t/ha)
1993 Wongan Hills 71 2.69
1995 Nabawa 80 2.14
1996 Nabawa 65 1.04
Mean 72 1.96

On clay loam soils with neutral or alkaline pH (see
Table 14.7), conditions are more suitable for durum in
Western Australia. Durum yielded almost as much as bread
wheat at yield levels ranging from less than 1t/ha to over
3t/ha in the low and medium rainfall zones.

Figure 14.3.
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Land suitability for durum in South-Western Australia.

Table 14.8 — Hectares of soil per suitability class.

Table 14.7 - Yield of durum relative to bread wheat on
clay loam soils with neutral to alkaline pH in Western
Australia, 1992-1996.

Site and year Percentage of | Average yield
bread wheat |of best 5 durum
yield' (t/ha)
1992 Merredin 97 1.79
1992 Wilgoyne 98 1.62
1993 Merredin 75 1.89
1993  Wilgoyne? 82 0.6
1995 Merredin 100 2.45
1995  Wilgoyne 88 1.94
1995 York® 121 3.54
1996 Merredin 90 2.22
1996 Wilgoyne 88 1.76
1996 York 101 2.52
Mean 94 2.03

! Best five durum as percentage of best five bread wheat
2 Frosted
¥ Leaf rust

The clay and clay loam soils with neutral or alkaline pH
and with the absence of boron or aluminum toxicity were
considered the most suitable soil characteristics. According
to our estimation there are over 3 million hectares that meet
the durum wheat requirements in the South Western
Australia (Table 14.8). Given constraints of rotation,
suitability of terrain and grower adoption, we anticipate that
at least 0.5 million tonnes of durum could be produced
annually when the industry matures. Our recent testing of
locally available durum lines has shown that several are
extremely tolerant of boron toxicity. This could open up
another 1 million hectares of land that is otherwise suitable.
In addition, our circumstantial evidence points to the
possibility that durum is sensitive to aluminum toxicity, not
to low pH per s, and this would also enlarge the available
area. Our estimate of 0.5 million tonnes as a potential
production thus appears conservative.

« includes CALM land e climatic factors not considered

1 Agricultural area

Class 1 (suitable)

Class 2 (marginally suitable
Class 3 (unsuitable)

2 Zone of Ancient Drainage
Class 1 (suitable)

Class 2 (marginally suitable)
Class 3 (unsuitable)

3.2 million ha 12%
1.1 million ha 4%
22.6 million ha 84%
1.8 million ha 19%

0 million ha 0%
7.6 million ha 81%
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In most production areas in the world where durum
improvement has been active (e.g. Italy), durum cultivars
yield about the same as varieties of bread wheat. In Western
Australia, where research is in its infancy, durum cultivars
so far yield less than bread wheat. This is not surprising
since the varieties and breeding lines so far tested were bred
for conditions in eastern Australia where the soils are
inherently more fertile and there is a summer incidence of
rainfall. Climatic conditions of South-Western Australia
are more similar to the drier, Mediterranean regions where
durum has been grown at rainfall of less than 400 mm with
a winter incidence and a dry grain filling period. We
assume that grain yield and quality advances are most likely
to come from germplasm well adapted to the drier,
Mediterranean regions.

The four durum varieties currently available in
Australia are Kamilaroi, Wollaroi, Yallaroi and Tamaroi. All
have suitable grain quality for both domestic and export
markets. They are mid to short season, semi-dwarf types
(between Amery and Carnamah in maturity). In Western
Australia none are suitable for sowing before mid-May or
after mid-June.

Wollaroi is a short-season variety, suitable for early June
sowing and probably better adapted to drier areas.
Kamilaroi, Yallaroi and Tamaroi are slightly longer season
varieties suited to late May sowings.

Dr. Ray Hare of the National Durum Wheat
Improvement Programme (NDWIP) bred the Australian
durum varieties at Tamworth in New South Wales. They
are all resistant to the three rusts and moderately resistant
to Septoria tritici. They are all susceptible to crown rot.
However, Wollaroi has shown a certain level of tolerance to
Boron toxicity in laboratory tests. Yallaroi, Wollaroi and
Tamaroi are moderately resistant to cereal cyst nematode
and root lesion nematodes. Wollaroi and Tamaroi have
shown a good resistance to pre-harvest sprouting damage
by current standards in Western Australia. The Australian
durum varieties have no vernalization response and are
photoperiod insensitive.
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Durum is susceptible to the same range of pests and
diseases as bread wheat. Of the several hundred described
diseases of wheat, less than 50 are of probable economic
importance in durum. Diseases discussed in this chapter
are only the diseases relevant for Australia and \Western
Australia in particular. In Western Australia the most
troublesome diseases are expected to be crown and root
rots, black point and Barley Yellow Dwarf Virus (BYDV).
Among the other pests that we anticipate could be
important are aphids (especially in their role as transmitters
of viruses) and nematodes.

Crown rot

Crown rot (Fusarium graminearum) is a soil-borne
disease, which is limiting the growth of durum and
expansion of the durum industry in Australia. The level of
resistance to crown rot in durum is generally less than in
bread wheat. Durum can be devastated by crown rot. Yield
losses from crown rot are caused by sterility of the florets.
The crop symptoms are usually observed after flowering
when scattered white-heads develop in a crop. Death of
plants or tillers after heading is evident in infected fields.
Stem bases are honey colour and soft; under moist
conditions stem bases and lower leaf sheaths are covered by
cottony pink mycelium. Heads of these plants may be
empty or partially filled. Crown rot can be confused with
take-all, which also causes white-heads, but is caused by
different fungi. Crown rot can result in grain losses of 50%
or higher in durum where the season and rotation have
allowed the disease to build up. Extremely high yield losses
from this disease have been recorded in recent years. In
1990, a yield loss of 50% was recorded in Kamilaroi in
Malu, Queensland (Wildermuth, pers. comm.). In 1997,
yield losses up to 40% were detected in durum in
Merredin, Western Australia.

Australian durum varieties are extremely susceptible to
crown rot, but improved disease resistances can be expected
in future durum varieties. However, crop rotation can be
the most important management tool to reduce losses from
crown rot. Fusarium survives predominantly in infected
stubble residues where it may persist for more than a year.
It is recommended that a durum variety should not be
planted in an area where crown rot was present in the
previous two years. Where crown rot has occurred, the
rotation should be lengthened and include non-host crops
such as pulses, canola, or else a grass-free pasture or fallow.
Oats will provide an effective break in most situations. A
three-year break from host crops may be required where
disease levels are high or where susceptible bread wheat or
durum has to be sown. Control of grass weeds in non-host
crops and fallow is essential. Cultivation of soils, where
possible, also aids the decomposition of infected stubble
and will help reduce disease levels. Rotation to any non-
cereal crop lessens the level of the fungus in the soil and
thereby reduces the level of disease in succeeding durum
crops. Adequate nitrogen and potassium levels appear to
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reduce the severity of the disease, probably because the
plants are more vigorous and therefore less affected by the
pathogen. On the other hand, excessive fertility, especially
excessive levels of nitrogen, increases the severity of the
disease. Ammonium nitrogen sources appear to reduce the
severity of Fusarium spp. relative to nitrate nitrogen. In
Italy, the farmers having problems with crown rot use
Guazatine seed dressing with very successful results.

Black point

The cause of black point is uncertain. It has been
associated with the fungus Alternaria alternata and with
enzymes produced by the seed (poly phenol oxidase, ppo)
both of which are favor by humid conditions. Black point
is very undesirable in durum where it may alter the color
of the kernel, adding undesirable black specks in semolina
It is a problem in durum deliveries particularly in wet areas
and may cause considerable downgrading when conditions
favor its development. Humidity and temperature have a
major influence on black point development and varieties
differ in their susceptibility. However, the Australian
durum varieties should provide sufficient protection to
prevent significant downgrading of grain following wet
periods after flowering.

Yellow leaf spot

Yellow leaf spot (Pyrenophora tritici-repentis) survives in
wheat residues. Resistant varieties are the best way to
control yellow leaf spot. Symptoms are typically small, dark
spots containing small, dark sites of infection surrounded
by a variable sized yellow border which may cover much of
the leaf. The disease is promoted by minimum tillage and
mono-culture, which increases inoculum produced in
wheat stubble. Crop rotation with non-hosts is advised. In
a recent study, increasing soil nitrogen and using nitrapyrin
(which keeps nitrogen in the ammonium form) reduced
yellow spot. Fungicides such as mancozeb reduce spotting
but are economically questionable in many areas. Recently,
it has been noticed that bacteria protected wheat foliage
from yellow spot. Resistance to yellow spot has been
detected in several durum selections and incorporated into
Australian durum varieties. Wollaroi and Tamaroi have
consistently exhibited intermediate resistance to yellow leaf
spot.

Septoria nodorum blotch

This disease occurs throughout the wheat belt,
particularly in high rainfall areas, and is most damaging in
warm moist conditions. However, in Western Australia
information about this disease is not available at the
present time because durum is mainly concentrated in
medium to low rainfall areas where the incidence of this
disease is limited. To control S. nodorum it is advisable to
rotate with host free crops or manipulated pasture. Avoid
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early sowing where the climatic conditions are favorable for
the pathogen. Fungicide spray, such as Tilt may be
economical only with crops expected to yield above 3t/ha
and should be applied after the flag leaf has emerged.

Rhizoctonia bare patch

Rhizoctonia bare patch (Rhizoctonia solani)
information not available for durum.

Root lesion nematode

Root lesion nematode (RLN) is caused by Pratylenchus
thornei to which durum has adequate resistance, and by
Pratylenchus neglectus to which the current durum cultivars
have little resistance.

Rusts

Seedling and adult plant tests have indicated that the
Australian durum varieties have adequate resistance to stem
rust (Puccinia graminis), leaf rust (Puccinia recondita) and
stripe rust (Puccinia striiformis). The level of resistance to
the three rusts is better than in the bread wheats in WA.
The improved resistance of the durum varieties to leaf rust
is exemplified by the results at York in 1995 in the presence
of a local epidemic of leaf rust, where the durum out
yielded the bread wheats by 20%.

The Australian durum cultivars are immune to flag
smut (Urocystis agropyri) and stinking bunt (Tilletia tritici).

Viruses
Not under satisfactory control.
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The durum varieties available to Western Australian
growers are short and mid-season types that are best sown
from mid-May to mid-June in most parts of the grain belt.

Research to date has shown that the optimum plant
population for durum is about the same as bread wheat.
Seed rates can be 5 to 10 % higher than for the bread
wheats as the kernel size is mostly larger and most durums
have lower tillering capacity than bread wheats. Typical
yield responses to plant density are shown in figure 14.4
and 14.5.

Rotation is extremely important for disease
management, control of weeds and for increasing soil
nitrogen. If a good legume rotation is practised (at least
two years in the last five years of high quality (more than
50%) legume pasture or three years in the last five of grain
legumes), then the crop seldom responds to nitrogen
fertilizers (see Figure 14.6 and 14.7). Furthermore, it
increases grain protein substantially if compared to durum
following wheat. However, an application of nitrogen at
seeding is advisable to ensure that grain proteins are high.

Figure 14.4. Figure 14.6.
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Wollaroi at Merredin.

Research now underway will clarify this situation. Seed
should be sown at about 2 to 3 cm depth because of the
short to medium coleoptile lengths of the available durum
varieties.

Ensure seed is free from contamination with bread
wheat and other cereals. When buying seed check the
source for purity, plumpness and a high germination
percentage.

Durum has lower seedling vigour than bread wheat
resulting in weak weed competitiveness in the early stages
of growth. Effective weed control in the early stages is
necessary to avoid a yield penalty. Use recommended
herbicide rates and apply at the correct times to avoid
chemical damage.

Wollaroi at York

The rotation strategy should also include measures to
reduce grass weeds in the years leading up to the durum
crop. Pasture manipulation, heavy grazing with sheep and
spray topping can be used in the pasture phase and
different combinations of chemicals can be used in the
previous non-cereal crops. Plan to avoid inducing
herbicide resistance in grasses.

Rotation with non-cereal crops is also beneficial in
controlling both root and leaf spot diseases of the durum
crop. Green manure cropping with legumes may be used
to boost grain proteins. It is also a valid tool to control
weeds and diseases in some situations.

Fertilizer rates should be determined based on yields
and paddock histories. Apply phosphate and potassium
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l AGRONOMY, ROTATION AND NUTRITION (continued)

according to the soil test. As a guideline, apply nitrogen at
sowing and/or up to 4 weeks after sowing, at about 25
kg/ha for each tonne of expected yield in nitrogen-
responsive situations. Durums are known to be sensitive to
deficiencies of zinc, manganese and iron. If these elements
have not been applied recently to deficient soils they
should be re-applied before the durum crop. Tissue testing
is often a good guide to deficiencies. Durum is sensitive to
toxicity of boron (>5mg/kg in CaCl.). However, Wollaroi
has shown a very good degree of tolerance to B toxicity
using a modified lab screening technique and should be
used where soil tests indicate B toxicity is a problem.
Durum is extremely intolerant of Aluminum toxicity.
Avoid soils where the soil test indicates Aluminum level
higher than 10mg/kg (in CaCl.).
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Good agronomy for durum demands a grass free site.
A grass free pasture and a grass free legume crop are the
most effective ways to achieve these conditions.

Limited data from testing at 3 sites in 1998 only have
demonstrated variable and sometimes confusing responses
in the 2 most common durum cultivars, Tamaroi and
Wollaroi. The safest options based on these limited data
are:

W Tigrex and Jaguar appear safe at label rates

B Diuron and MCPA Amine should be used with similar
cautions as in bread wheat

W Group B herbicides are suspect for use on durum

W 2,4-D Amine and Barrel are probably acceptable for
use on durum

Avoid unusual or multi-chemical tank mixes that may
contain oils and/or wetters as they may increase crop
phytotoxicity.

If the season is too short with a sharp finish the
chemical effect on Tamaroi maybe magnified since it is a
longer season variety than Wollaroi and may not have time
to compensate for any retardation by a herbicide.
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If durum is to find a place in the Western Australian
farming system, growers must be attracted to both the
potential financial returns and the feasibility of production
including its culture and marketing.

Samples collected from commercial durum crops in the
1997/98 season were put through a simple economic
analysis (J. Henderson) to give some indication of the
profitability and viability of introducing durum into
Western Australian farm rotations (Table 14.9).

Table 14.9. Grain yield, protein percentage and gross
margin of durum compared to bread wheat crops in WA
in 1997/98.

Yield (t/ha) | Protein (%) | Gross Margin
($/ha)
ADR1 (13) 1.60 13.92% $207.00
ADR2 (8) 2.20 12.46% $295.57
ADR3 (16) 222 10.37% $246.10
ASW (9) 2.66 9.51% $232.65
APW (6) 251 10.55% $249.37
AH1 (6) 2.34 12.26% $239.88
ADR1 (5)* 2.07 13.51% $317.87

* Durum 1 after removing cases heavily affected by frost
and crown rot

The economic analysis showed that out of the 13 cases
meeting the ADR1 (13% protein) segregation, 8 cases

suffered yield loss due to severe frost damage and crown
rot. Therefore the average grain yield and consequently the
gross margin for the ADR1 segregation fell below that of
ADR2 (11.5% protein).

After removing the cases that suffered yield loss due to
these factors the average grain yield of the remaining cases
in the ADR1 segregation was 2.1 t/ha at 13.5% grain
protein with a gross margin of $317.87.

Two key messages were identified from growers
experience in 1997/98:

B Durum wheat can achieve high returns for growers in

Western Australia;

B Good agronomic management is essential for a
profitable crop.

In the 1997/98 season in Western Australia, about 50
farmers harvested approximately 3,000 tonnes of durum,
of which around 1,000 tonnes was delivered for sale while
the rest was kept as seed by the farmers for the coming
season. In Western Australia, up to 20,000 hectares are
expected to be grown in 1999 with 100,000 tonnes
produced annually by 2002. Prices for durum are buoyant
and the long-term prognosis for pasta consumption
worldwide is optimistic.

The Scattergram below (Figure 14.8) shows the trend
of grain yield versus grain protein for the durum. While the
graph does show a clear downward trend in protein as the
yield increases it also shows that it is possible to achieve
higher yields and high protein (to meet ADR1 segregation)
if conditions are correct for durum and there is an absence
of disease.

Figure 14.8.

14.50% - = -

-3 Durum 9
£
E 13.00% &
: -
E: . N
Diigrpm 2
11 50%
-
P L
Burum 3
™ " L] *
4 - - - ™
15 (v
=8| ' | & 1.4 10

Girain Yield {thay

Scattergram of grain yield vs grain protein.
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Bl HARVESTING AND ADMIXTURES

Because of its hard texture, durum may fracture if over
threshed. Adjust concaves to avoid excessive cracked grain
or embryo damage.

Durum grain should not be mixed with other cereals
during harvesting, storing, transport or sowing. A mixture
with other grains severely reduces the quality of durum
semolina for pasta. Durum grain must be strictly
segregated, on-farm storage is necessary if immediate
delivery cannot be arranged.
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l PLACE OF DURUM IN THE FARMING SYSTEM

Durum is a specialty crop that needs higher levels of
management than bread wheat. It will not fit into all
farming systems in the Western Australian grain growing
areas.

A survey of the soil types thought to be suitable for
durum has shown that the best soils are not concentrated
into large, homogeneous areas but they are scattered from
north to south, mostly in the low to medium rainfall areas
of the grain belt. We anticipate that there will be fewer
problems on average with black point and leaf diseases in
the lower rainfall areas. There are a few areas in the high
rainfall zone that may prove suitable with appropriate
management (e.g. Avon and Chapman valleys). On
balance we anticipate that the bulk of the durum wheat
industry will develop on the heavier soil types in the low to
medium rainfall areas of Western Australia.

Interest in durum from grain growers in this State has
built up over the past few years and is now widespread.
This interest is due to high prices relative to bread wheat,
by the need for alternative crops for particular farming
systems, and the need to reduce risks and increase profits.
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Bruce Mullan

Animal Research and Development, Agriculture
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Introduction

Wheat is an excellent feed grain for most livestock
species even though it has been primarily produced as a
grain for human consumption. Traditionally we have
referred to feed wheat as that which either did not meet the
quality standards for the human market or when its supply
exceeded the requirements for the same market. While
there will always be a proportion of wheat still marketed to
the animal feed industry in this way, the development of
specific varieties of wheat for the animal feed industry has
begun.

This chapter will outline the major requirements of the
stockfeed industry, and attempt to predict the possible
market for wheat in regard to the Western Australia
industry.

The stockfeed industry

A considerable proportion of Australias cereal grain
and grain legumes are consumed by animal industries.
Traditionally this has been the pig and poultry industry,
but in recent years there has been a large increase in
demand for feed grains for feeding beef cattle in feedlots
and for dairy cows. In less than 10 years, demand for wheat
by the Australian feed industry has increased by 30%
(Table 14.10). The 2.2 million tonnes of wheat required by
the Australian feed industry is still small however compared
to the 526 million tonnes of total feed manufactured on
the world market in 1993 (Feed Grains Study, 1995).

The Australian dairy and beef industries have shown
the fastest growth in production over recent years
(averaging in excess of 10%), with more intensive
industries experiencing steady but low growth (2-3%).

Feed grain usage varies significantly between sectors.
Wheat is the most widely used grain due to its widespread
availability and relatively high content of energy. It is used
as a key ingredient in broiler, layer and pig diets. Since
there is not expected to be any substantial leap in
consumption of meat in Australia, any substantial growth
in the future will be driven by export markets for both
meat products and feed grains.

Table 14.10 — Use of wheat (kt) in Australia by the feed industry for 1992/93, that predicted for 1999/2000 and the
proportion of total feed grain that is wheat for each sector

Sector 1992/93 1999/001 % of total feed
grain used by each sector

Poultry meat 532 646 37

Pigs 511 562 31

Layer hens and pullets 197 195 38

Beef cattle 233 333 12

Dairy 135 317 15

Muiscellaneous 99 167 N.A.

TOTAL 1,707 2,220

1 predicted value based on previous use and projected change in animal numbers
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Bl USE OF WHEAT IN ANIMAL FEEDS

Any feedstuff will be used in diets for animals if it
supplies the required nutrients, it is cost competitive with
other available ingredients, and the user is confident that it
will produce the desired result. While in the past, animal
industries may have used wheat considered unsuitable for
other purposes, such as weather-damaged grains, this is no
longer the case. Far greater attention is being given to the
effect that poor quality grains will have on animal
performance and quality of the end product. The feed
industry is now very sophisticated, and since the cost of
feeds commonly represents 60 to 70% of the total cost of
production for many enterprises, every effort is being made
to reduce the cost of the mixed diet whilst meeting dietary
specifications.
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40% of Australian agriculture is carried out in the high
rainfall zones, where grazing enterprises predominate and
these are vulnerable to income fluctuations associated with
volatile meat and wool markets. The option of growing
wheat in these areas has, consequently, the potential for
some producers to diversify via a high yielding grain crop.

A winter wheat (sometimes referred to as red wheats)
are those that are sown around the time of the autumn
break, remain vegetative through the cold wet winter and
then flower around the middle of November. Due to the
relatively late flowering, the risk of damage from frosts is
lower than for conventional wheat varieties. They are well
adapted to areas with good rains in April and reliable
spring rains through until at least late November, such as
southern Victoria but also small areas in the south west of
Western Australia. To approach the potential of over 5
tonnes per hectare, the crop requires a well structured, well
drained paddock and a very high standard of management.

Lawson and Paterson are the two varieties released
under licence to the Australian Wheat Board. Declic and
More are two other varieties that have been grown in
Victoria.

Based on the results of experiments conducted by Dr
Ray King at the Victorian Institute of Animal Science, the
digestibility of red wheat was essentially the same as
Australian Standard White (ASW), with digestible energy
content estimated at about 14.3 MJ/kg. Average crude
protein was about 11%, however crude protein can be
expected to vary in a similar manner to ASW, depending
on the season and agronomic variables such as fertiliser.

Provided there is sufficient soil moisture for these
varieties to be sown early (e.g. before the end of March),
they can respond well to grazing during winter and then
recover to produce a high yielding wheat crop. If the crop
is intended for grain only, April or May sowings are usually
ideal. Long season winter wheats flower several weeks later
than any Australian spring wheat bred for the wheatbelt
and they also require low winter temperatures before
flowering. Hence they are only likely to be suited to a small
area of the south west in Western Australia, but these are
areas where few options for growing cereals currently exist.
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There appears to have been scant attention by the grain
industry in the past to the specific needs of the feed
industries. One reason may be that the feed industry has
been relatively indiscriminating in their requirements for
feed grain. They have been relatively undemanding but
constant customers.

The prime nutritional constraints in specific diets are
those parameters which have the greatest cost pressure
against them. The magnitude of these pressures varies with
the specifications nominated, and the nutrient
composition and cost of alternative materials available.
This will be different for each animal species and with the
range of diets used within a species, consequently these
constraints tend to be a moving target.

Table 15.11 indicates the value of wheat in a pig grower
diet varying the level of crude protein. On average, the
value of wheat changes by approximately $2.70% of crude
protein. Given that the average energy content of wheat is
14.4 MJ digestible energy / kg, the value of wheat would
increase by $24.88 per 10% shift ($17.27 per MJ),
compared to $3.01% shift in crude protein. This reflects
the relative importance of wheat as a source of energy
rather than protein in the diet of most animals.

Table 14.11 — The value of wheat in pig grower diets
when crude protein is changed

% crude protein $/tonne
7 148.43
8 151.95
9 153.94
10 156.98
11 160.00
12 162.54
13 164.53
14 168.05
15 170.13

Variability in nutrient values for wheat

Parameter Range
Crude protein (%) 7-17
Bushel weight (Kg/HI) 45-85
Metabolisable energy

(MJ/kg) 11.03 - 14.57
Digestible energy (MJ/kg) 12.90 - 15.00

To date there has been little payment for quality in
relation to nutritional factors. Currently specifications
relate to issues such as residues, weight and admixture
although recently crude protein has been included. In the
future, purchasers will move towards a basis of energy and
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protein, but this is currently difficult due to not being able
to test for these rapidly and reliably at the point of receival.
The critical quality factors sought are consistency, free of
weeds, mould, moisture and pests. Protein is emerging as a
quality factor and in the future the feed industry will pay a
premium for high protein grain. It is more difficult to pay
for energy, because it currently cannot be measured on
receival. Effective marketing, infrastructure and quality
systems will enhance demand for feed grains such as wheat
and the prices paid to producers.
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In general there has been a lack of communication and
co-operation between the grain and the feed industries.
The call by the feed industry in the Eastern States during
recent droughts to permit the import of feed grains from
overseas was counteracted by the grains industry that
argued that this could result in the introduction of new
plant diseases and pests. This was a clear signal that both
groups needed to have a better understanding of each
other’s needs and concerns.

For grain growers to be attracted to the production of
wheat specifically for animals, there must be rapid and
accurate procedures for establishing the nutritional value of
grain for the different livestock enterprises, so that the
prices paid will reflect the grain value in terms of animal
performance. Similarly, animal industries will benefit from
the precise knowledge of the nutritional value of the grains,
as well as the improvements that can be made through
processing and storage procedures. The rational marketing
of feed grains could then be achieved, with the benefits
from more efficient animal production being shared
between the grain grower and animal producer.
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Ron McTaggart

Triticale (x Triticosecale Wittmack) is a cereal derived
from wheat and cereal rye. It is a quality feed grain with
increasing use in Australia’s animal industries. The value of
triticale in human nutrition has been poorly explored
despite the high level of dietary fibre compared to wheat.
The yield and quality of triticale has risen and it is
replacing other cereals as a fodder and grain plant in New
South Wales on acid soils.

Early triticales were very tall and resembled cereal rye in
form. Backcrossing to wheat has led to plumper grains and
higher yields. The plant is taller than most wheats and the
flowering spike has awns. The inflorescence has a narrower
outline than wheat due to the grain shape of triticale. The
grain is longer and narrower than wheat and its colour is
light brown. The plant does not tiller as much as wheat and
seeding rates should be higher than wheat to achieve the
same number of heads/metre? at harvest.
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The first cross between wheat and rye was reported as
long ago as 1857. The cross was a sterile plant. A number
of successful wheat x hybrids appeared in Russia in 1918.
The F1 plants produced seeds which bred true. The name
triticale appeared in Germany from wheat (Triticum) and
rye (Secale) about 1935. Todayss triticale varieties are due to
progress made by scientists in Canada, Poland, United
States and Mexico. During its short life history in
commercial production the features of the crop have
changed. The International Centre for Maize and Wheat
(CIMMYT) in Mexico began breeding work on triticale in
1965. The triticale varieties of that time were tall, late
maturing, sometimes sterile, and the grain was small and
shrivelled. Australia has a coordinated Triticale
Improvement Program with three breeding centres —
University of New England, University of Sydney, and
University of Adelaide. Triticale types are selected for
fodder types or for quality grain production.
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Triticale has been favoured on soils of low fertility
perceived to be unsuitable for wheat. The reliability of
triticale in marginal soils is due to its early vigour,
aggressive root development and ability to yield when
extremes of pH and marginal trace element status exist.
The early vigour of the crop makes it the best-adapted
cereal for soils that become too wet during the growing
season.

Triticale can be grown in rainfall zones from 200mm to
1200mm.The new triticale varieties will out-yield wheat in
the high rainfall zones which provide a long grain filling
period. Like all cereal crops, paddock selection and root
disease control are important for high yields.

AGRONOMIC TRAITS

Early problems with triticale included excessive height,
low head fertility, low hectolitre weight, shrivelled grain
and late maturity. Breeding and selection have fixed many
of these problems.

The diagram below shows the changes which have
taken place in the last ten years in grain type triticale.

Figure 14.19 — Changes to grain type triticale.

Cereal Foods World, June 1996.
American Association of Cereal
Chemists

Triticale has a larger grain than wheat and seeding rates
should be higher than wheat. The early vigour of triticale,
when it is combined with high seeding rates provides good
competition against weeds. Seeding rates vary with rainfall
and yield potential.
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Table 14.12 — Seeding Rate

Annual Rainfall | Target Plant Seeding Rate

mm Density kg/ha *
(plants /m?)

250-300 160-180 95-110

300-450 180-200 110-120

450-500 200-220 120-130

>500 240 130-140

*(Based on 1000 grain weight of 48 grams and 80%
establishment.)

Triticale should be sown at the same time as wheat. It
may flower 10 days earlier than wheat but grain filling
takes longer. Test weight and plump grain depend on cool
spring conditions so early sowing is important.

Triticale has similar tolerance levels as wheat to the
same groups of herbicides. Modern varieties of triticale
have leaf disease tolerance especially to stem, stripe and leaf
rusts.

Long season triticales are used for grazing or fodder
production. They are sown on the opening rains; grazed
during winter and then saved for hay or silage. Their grain
is usually smaller and lighter than the spring types, which
are grown for grain only.
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Fodder types (Tall, late maturing, high biomass
production — Maiden, Madonna
Supeseded varieties — Satu, Coorong, Currency, Tyalla.

Long season
Abacus — must be planted early for 7 months season to
fill grain.

Standard mid season

Tahara — the most widely grown variety in 1990s. It is
fully resistant to Cereal Cyst Nematode. It has weak straw
and will lodge when yields are over 3 tonnes.

Medium Season

Muir — has a good straw strength and hectolitre weight
and is well suited to high rainfall areas — >600mm

Credit — resistant to stem, stripe, and leaf rust. It is not
Cereal Cyst Nematode resistant but is a high yielding
variety with good hectolitre weight.

Everest — high hectolitre weight, high yielding. Expect
10 per cent better than Tahara in 500mm rainfall.

Treat — a medium season variety maturing 6 days
earlier than Tahara with superior straw strength and
hectolitre weight (5kg better than Tahara).Average yield
will be 2-3% better than Tahara but 10-15% better in high
yielding sites.
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Variety selection, paddock selection, time of planting
and good finish all play a part in producing high yielding,
good quality grain. Delivery standards for triticale may
vary but moisture is expected to be below 12.5%,
screenings below 6% and test weight above
65kg/hectolitre. Discounts may apply for triticale with
screenings to 15% and test weight down to 60kg/hectolitre

There is no segregation for varieties but other delivery
standards exist for staining, sprouting and weed seed, or
insects in the sample.
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Test weight is used as the first measure of grain quality
but this should be backed up by laboratory tests for
metabolisable energy and protein. Changes made to
varieties in the last 10-15 years have produced smooth
grain and with high energy levels. Triticale has a superior
amino acid balance for animal feed rations.

Triticale quality has changed and data from animal
trials done with the old varieties do not have relevance for
today’s producers. There will always be variation in quality
from paddock to paddock and season to season. The
following table is therefore only a guide to relativity
between wheat, triticale and rye.

The high sugar level in modern triticales leads to
increased palatability for cattle and reduces the “shy feeder”
problem in dairy cattle and beef cattle in feed lots.

Processing

Low gluten content, inferior gluten strength and high
levels of alpha-amylase cause triticale flours to form weak
dough making them unsuitable for bread making. There is
variability in the flour and triticale can be used as a partial

Table 14.13 — International Triticale Screening Nursery —
Proportion of varieties reaching high-test weight and flour yield.

replacement of wheat flours. Triticale can be used to make
biscuits and cakes. Some work has been done in the US
and Canada to compare malting quality of triticale with
US barley. It was found that triticale had higher malt
extract, higher diastatic power, and higher alpha and beta-
amylase activity than barley — all factors of high malt value.
Beers made were darker than from barley but the taste was
acceptable. Advances in breeding have shown the current
triticales to be suitable for many end-uses beyond just
animal feed. Breeding continues to target traits for both
human and animal consumption.

Pricing

Growing production has meant much more reliance on
triticale by livestock producers. Its energy levels and
improved palatability place it above feed barley by $12 —
$15/tonne and $20/tonne below ASW price. Pricing
should be based on laboratory analysis, and any grower
selling triticale to livestock farmers would do well to sample
and test the grain, and base the asking price on the analysis
results.

Year of Testing Test weight > 77kg/hl Flour Yield > 70%
1977-78 2.0 1.6
1983-84 14.7 16
1988-89 46.2 35
1990-91 64.1 70.0

Ref — Cereal Foods World July 1996

Table 14.14 — Composition on a dry weight basis (%).
Cereal Protein Starch Crude Fibre Free Sugars Ash
Triticale 10.3-15.6 57-65 3.1-45 3.7-5.2 14-20
Wheat 9.3-16.8 61-66 2.8-3.9 2.6-3.0 1.3-2.0
Rye 13.0-14.3 545 2.6 5.0 2.1

Ref — Cereal Foods World July 1996
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Sources:

Rainfall, maximum and minimum temperatures and
from Bureau of Meteorology publications and are for vary-
ing lengths of record.

Radiation and evaporation are derived
AUSTCLIMEANWEEK, a database developed by CSIRO.

from

Units:

Rainfall (mm, monthly total)
Maximum and minimum temperature (°C)
Radiation (Megajoules per sq. m per day)
Evaporation (mm, monthly total)

M-O is May to October rainfall

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec M-O Total
Albany
Rainfall 34 28 45 76 132 140 156 137 107 80 42 31 752 1007
Maximum Temp 232 234 224 212 188 168 161 166 176 189 207 223
Minimum Temp 147 149 141 125 104 8.8 8.0 8.2 9.1 102 121 136
Radiation 245 221 188 145 11.0 94 100 122 168 20.7 235 251
Evaporation 191 155 141 99 69 51 55 69 104 141 166 185 489 1426
Bencubbin
Rainfall 14 21 24 23 38 52 46 38 21 16 13 13 211 319
Maximum Temp 345 335 309 254 205 171 161 175 20.7 248 286 323
Minimum Temp 181 181 16.1 123 89 7.3 58 5.5 6.9 9.5 128 158
Radiation 297 274 230 172 128 100 107 137 184 250 292 304
Evaporation 342 285 252 162 107 73 83 102 142 213 262 320 719 2344
Beverley PO
Rainfall 9 13 17 23 56 82 79 60 36 23 14 9 336 421
Maximum Temp 341 333 306 258 21.1 178 16.7 175 202 242 278 320
Minimum Temp 16.3 16.7 147 109 7.7 6.0 5.2 4.9 5.5 78 11.1 143
Radiation 29.8 273 225 163 120 9.5 105 128 157 227 281 304
Evaporation 296 248 217 133 86 58 65 79 109 165 213 271 562 1939
Boyup Brook
Rainfall 13 17 21 39 88 125 119 96 63 48 27 13 539 669
Maximum Temp 309 308 274 223 193 166 157 160 17.7 21.0 242 288
Minimum Temp 128 13.7 11.2 85 6.2 5.0 5.0 4.2 4.8 6.8 87 113
Radiation 275 250 198 141 103 8.6 9.3 116 155 208 251 2738
Evaporation 239 201 171 99 64 44 49 57 75 115 158 214 405 1487
Bridgetown PO
Rainfall 14 14 27 46 111 151 148 123 87 65 32 19 685 837
Maximum Temp 297 296 271 232 190 166 157 16,5 183 205 242 275
Minimum Temp 119 11.8 104 82 65 5.1 4.3 4.4 5.5 6.6 85 103
Radiation 259 236 20.0 147 106 94 100 11.8 157 193 238 264
Evaporation 231 196 166 94 61 42 46 54 70 107 151 206 381 1425
Brookton PO
Rainfall 10 15 18 26 61 92 88 63 38 26 14 10 368 461
Maximum Temp 331 324 292 248 201 170 160 167 192 233 271 314
Minimum Temp 15.1 157 139 106 7.2 5.4 4.5 4.5 5.0 71 105 134
Radiation 292 265 216 149 11.0 89 100 120 159 220 275 304
Evaporation 290 243 211 129 83 57 64 77 106 160 208 266 547 1894
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Carnamah
Rainfall 11 15 21 23 51 82 70 54 28 18 11 9.1 303 384
Maximum Temp 359 355 327 273 223 189 177 19.0 221 257 298 334
Minimum Temp 183 189 17.0 13.7 105 8.6 7.2 7.1 81 102 130 158
Radiation 295 275 235 176 135 11.0 114 140 184 244 290 303
Evaporation 337 290 259 163 108 71 78 99 136 203 253 309 694 2306
Chapman Res. Stn.
Rainfall 7 12 14 22 63 105 95 64 35 22 10 6 384 455
Maximum Temp 342 342 321 283 233 197 185 193 220 250 289 319
Minimum Temp 177 183 170 144 11.1 9.0 7.5 7.5 82 100 133 158
Radiation 281 264 234 177 142 11.3 11.7 146 185 241 277 299
Evaporation 345 303 275 176 119 78 83 108 146 213 261 314 746 2421
Corrigin PO
Rainfall 11 17 22 23 49 65 62 49 30 23 16 13 278 380
Maximum Temp 325 314 288 238 193 162 152 162 190 227 266 303
Minimum Temp 157 158 141 108 7.2 6.1 4.9 4.6 5.7 8.0 11.0 139
Radiation 293 263 218 15.7 115 9.1 9.7 124 168 231 279 300
Evaporation 302 250 217 136 88 61 70 84 116 175 222 280 594 2002
Cunderdin PO
Rainfall 9 17 20 24 49 66 63 48 27 21 13 9 274 366
Maximum Temp 341 332 304 252 208 176 165 175 203 241 282 319
Minimum Temp 176 17.7 16.0 128 9.2 7.7 6.3 6.1 7.3 9.6 127 155
Radiation 292 263 218 160 119 94 100 125 166 228 273 295
Evaporation 312 262 229 143 93 63 71 87 120 182 230 289 617 2082
Dalwallinu PO
Rainfall 13 17 23 21 44 70 60 46 24 17 12 9 261 356
Maximum Temp 353 345 315 263 215 180 168 179 210 250 29.1 329
Minimum Temp 184 185 16.6 132 10.0 8.0 6.5 6.6 78 102 132 16.1
Radiation 29.7 275 235 177 134 103 110 140 188 249 291 304
Evaporation 339 287 255 162 106 71 79 99 138 206 256 313 700 2313
Esperance MO
Rainfall 14 27 25 48 77 80 98 88 55 50 39 17 448 618
Maximum Temp 262 264 252 231 202 179 171 17.7 192 211 229 248
Minimum Temp 155 16.0 149 131 10.6 8.9 8.2 8.5 94 106 127 144
Radiation
Evaporation
Esperance PO
Rainfall 18 20 28 45 82 100 108 97 71 55 28 23 513 675
Maximum Temp 251 252 244 225 199 17.7 167 176 191 203 223 240
Minimum Temp 155 157 147 122 100 8.4 7.3 7.6 87 102 123 141
Radiation 234 217 182 139 106 9.1 9.7 124 165 201 226 239
Evaporation 293 233 199 132 88 64 76 89 124 183 220 278 625 1981
Esperance Res. Stn.
Rainfall 21 26 21 37 53 60 63 62 53 41 32 19 332 488
Maximum Temp 288 282 262 228 192 164 159 164 187 214 241 266
Minimum Temp 140 147 134 113 89 7.0 6.2 6.4 7.4 87 108 123
Radiation 259 236 20.1 152 111 9.2 99 124 164 212 250 276
Evaporation 300 239 205 136 91 66 78 91 127 188 227 285 641 2033
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Geraldton

Rainfall 28 11 19 24 68 118 96 63 31 19 7 4 395 489
Maximum Temp 228 295 287 269 235 210 199 206 219 233 259 278

Minimum Temp 213 191 183 161 138 121 11.0 11.2 11.7 132 156 175
Radiation 253 235 209 174 137 118 124 150 186 21.8 239 253
Evaporation 246 188 181 139 102 78 81 101 128 166 188 208 656 1806
Goomalling

Rainfall 10 14 17 24 48 71 64 50 26 21 11 11 280 367
Maximum Temp 33.7 338 301 248 21.1 178 168 17.1 199 241 283 324

Minimum Temp 168 17.9 156 11.8 9.0 7.8 6.5 6.1 6.6 9.0 121 152

Radiation 294 266 225 159 123 938 99 127 166 21.8 279 299
Evaporation 316 267 235 146 95 64 71 88 121 183 233 291 622 2109

Hyden composite

Rainfall 15 21 19 23 39 53 47 39 26 21 18 13 225 334
Maximum Temp 334 325 296 252 199 168 159 169 200 238 275 319

Minimum Temp 154 156 139 108 71 5.6 46 46 5.6 8.0 112 138

Radiation 289 264 208 156 11.7 93 99 126 168 232 275 30.1
Evaporation 3100 254 220 141 92 64 75 89 124 186 232 291 631 2078
Katanning PO

Rainfall 13 17 22 31 61 79 76 63 46 37 21 16 362 482
Maximum Temp 30.3 294 267 226 183 154 144 154 177 206 250 284

Minimum Temp 136 137 125 102 79 65 54 5.5 6.4 76 100 121

Radiation 270 243 198 148 106 88 92 119 160 209 253 276
Evaporation 259 213 182 111 72 51 59 68 91 138 181 238 478 1662

Kellerberrin

Rainfall 10 15 22 22 43 58 53 41 26 19 12 13 240 334
Maximum Temp 339 333 302 255 206 174 163 175 207 245 288 320

Minimum Temp 169 169 152 11.7 84 6.9 5.7 5.6 6.6 89 124 151

Radiation 28.7 259 215 165 118 98 104 131 177 230 276 293
Evaporation 319 266 233 147 96 65 75 91 126 190 238 297 643 2143
Kojonup PO

Rainfall 13 16 22 32 68 91 88 75 53 42 23 15 417 538
Maximum Temp 293 285 261 218 179 151 143 147 168 200 234 276

Minimum Temp 13.3 138 127 104 84 6.8 5.9 5.9 6.2 7.7 98 120

Radiation 270 243 195 141 107 8.6 94 122 161 212 253 276
Evaporation 250 207 176 105 68 48 55 64 85 128 171 228 48 1586
Kondinin

Rainfall 10 17 20 23 45 57 53 43 28 21 17 12 247 346
Maximum Temp 332 325 288 236 201 168 158 164 193 235 274 321

Minimum Temp 11.5 104 9.0 50 34 1.0 1.2 -09 -0.1 45 83 115

Radiation 295 269 216 158 120 9.2 99 124 166 231 277 303
Evaporation 302 248 216 136 89 61 71 8 117 177 223 282 601 2007

Lake Grace PO

Rainfall 14 19 22 23 45 54 49 41 31 23 17 15 243 353
Maximum Temp 3.7 308 280 236 195 164 153 164 191 228 263 30.0
Minimum Temp 148 151 138 113 83 6.8 5.6 5.5 6.6 85 112 134
Radiation 293 260 21.2 155 117 9.1 99 127 17.0 227 26.7 296
Evaporation 287 234 202 127 83 58 68 80 110 165 209 267 563 1889
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Merredin Shire

Rainfall 1 13 21 23 41 54 53 38 26 19 13 11 231 322
Maximum Temp 332 326 295 245 202 17.0 160 166 195 241 286 319

Minimum Temp 176 174 153 11.7 85 6.8 5.2 4.7 5.9 94 13.0 157

Radiation 291 265 221 16.3 122 96 100 13.0 175 228 274 298
Evaporation 329 272 239 153 100 69 79 96 134 201 249 308 678 2228
Mingenew PO

Rainfall 7 13 17 23 56 90 81 59 32 20 10 6 338 414
Maximum Temp 362 363 34.1 276 238 201 191 19.7 226 268 305 34.7

Minimum Temp 188 195 178 139 106 8.9 7.2 6.9 77 105 130 16.7

Radiation 281 256 227 166 131 104 113 139 175 231 270 301
Evaporation 343 297 268 170 113 75 81 104 142 210 259 314 725 2377
Moora

Rainfall 10 15 19 24 61 94 90 64 38 25 12 9 372 461
Maximum Temp 339 338 305 255 215 185 170 17.7 201 242 279 313

Minimum Temp 176 182 16.1 13.0 9.4 7.9 6.3 6.6 7.4 9.5 126 149

Radiation 293 272 224 165 125 103 11.0 134 172 218 263 30.2
Evaporation 320 275 243 150 98 65 71 89 123 185 235 292 630 2146
Morawa PO

Rainfall 14 17 23 23 44 62 55 39 21 15 11 8 236 332
Maximum Temp 366 36.1 329 280 226 191 179 193 230 264 30.7 343

Minimum Temp 188 194 173 135 9.5 7.3 6.0 6.3 76 10.1 136 164

Radiation 296 276 240 180 139 10.7 120 147 191 252 286 30.2
Evaporation 352 302 272 175 116 78 85 108 150 220 270 325 758 2453
Mt Barker PO

Rainfall 23 24 36 56 85 98 107 93 82 73 42 30 538 749
Maximum Temp 262 259 240 210 176 152 142 150 168 187 218 243

Minimum Temp 126 128 1211 104 84 6.9 5.8 5.9 6.8 7.9 9.7 113

Radiation 248 227 184 136 98 8.1 87 114 154 197 236 251
Evaporation 233 190 160 97 64 46 54 61 80 119 159 215 424 1477
Mullewa

Rainfall 13 16 20 20 46 68 61 43 21 14 8 7 253 337
Maximum Temp 365 362 336 283 232 196 184 198 233 267 308 342

Minimum Temp 19.6 20.1 183 148 11.0 8.6 6.9 7.1 86 11.1 144 17.1

Radiation 296 277 242 186 143 113 119 150 200 257 29.1 302
Evaporation 356 308 280 182 122 82 89 113 156 226 275 329 788 2518
Muresk

Rainfall 10 15 20 27 63 91 90 63 35 26 12 9 368 461
Maximum Temp 341 333 304 253 206 174 163 173 198 236 281 319

Minimum Temp 16.2 16.1 146 108 7.4 6.1 5.0 4.8 5.7 76 11.0 142

Radiation 291 262 217 162 113 9.3 9.8 122 157 213 270 294
Evaporation 302 255 223 137 88 59 66 81 112 170 218 276 576 1988
Narembeen PO

Rainfall 11 19 20 23 42 55 50 41 25 19 16 12 232 333
Maximum Temp 33.6 327 300 252 205 173 165 173 204 246 277 31.7

Minimum Temp 164 164 145 11.7 7.9 6.3 5.4 5.2 6.0 9.0 120 145

Radiation 296 266 222 158 11.7 95 105 131 173 229 275 304
Evaporation 315 259 226 144 94 65 75 90 125 189 235 294 638 2111

311




CHAPTER 15 THE WHEAT BOOK

M APPENDIX |

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec M-O Total

Narrogin

Rainfall 10 17 21 30 65 92 89 69 47 34 18 13 396 505
. Maximum Temp 308 300 272 224 182 153 146 151 173 21.2 249 289

Minimum Temp 147 149 136 109 8.1 7.0 5.8 5.6 6.2 81 107 129

" Radiation 274 248 198 144 106 8.5 98 120 158 210 250 269
Evaporation 276 230 198 120 78 53 61 72 98 149 195 253 513 1785
Ongerup PO

Rainfall 17 19 21 26 44 52 50 42 38 34 24 14 260 381
Maximum Temp 29.0 280 258 223 185 158 149 155 17.7 21.1 241 276

Minimum Temp 138 143 129 108 83 6.6 58 5.7 6.3 8.0 105 124

Radiation 276 245 200 146 10.7 8.8 9.6 121 160 220 267 286
Evaporation 262 212 181 113 74 53 63 72 97 145 186 244 504 1702
Pingelly

Rainfall 9 14 17 28 61 87 84 63 41 26 15 11 362 456
Maximum Temp 317 312 282 235 192 160 152 157 181 21.7 255 29.9

Minimum Temp 156 162 146 11,6 8.6 6.6 5.8 5.6 6.3 81 11.2 139

Radiation 293 273 226 155 116 8.9 9.1 122 162 213 255 284
Evaporation 286 239 208 127 82 56 63 76 104 158 205 262 538 1865
Ravensthorpe

Rainfall 20 23 32 34 42 45 46 43 41 38 27 20 255 413
Maximum Temp 291 282 263 232 197 172 162 170 19.0 224 250 276

Minimum Temp 139 141 131 115 93 7.9 6.6 6.3 7.0 8.9 108 12.7

Radiation 275 246 205 153 116 95 104 131 174 232 266 279
Evaporation 288 231 198 128 85 61 72 84 116 173 214 272 591 1924

Salmon Gums Res. Stn.

Rainfall 21 23 22 25 34 41 37 33 31 28 26 19 204 340
Maximum Temp 304 296 274 233 193 167 160 172 203 231 260 290

Minimum Temp 13.8 141 126 98 69 55 45 46 5.8 75 101 123

Radiation 276 246 201 152 115 9.7 104 13.0 173 224 267 285
Evaporation 318 255 220 146 97 69 81 97 136 202 243 301 683 2165
Wagin PO

Rainfall 11 16 19 30 56 76 73 58 42 30 17 12 335 440
Maximum Temp 31.1 296 276 233 192 160 152 157 180 214 249 293

Minimum Temp 144 148 131 103 7.7 6.2 57 54 5.8 74 105 129

Radiation 279 253 197 154 113 87 9.8 126 167 21.6 264 300
Evaporation 268 222 190 116 75 52 60 70 95 143 188 246 495 1724
Wandering PO

Rainfall 10 15 20 35 79 118 115 94 61 43 19 14 510 623
Maximum Temp 31,7 310 282 235 189 160 151 16.0 181 21.3 258 295

Minimum Temp 13.7 137 120 89 63 50 4.1 4.0 4.8 62 91 119

Radiation 286 257 209 149 109 88 96 119 154 208 26.1 295.0
Evaporation 276 233 202 121 78 53 59 71 97 147 194 252 505 1783

Watheroo (8130)

Rainfall 14 18 23 23 55 86 79 59 35 22 9 8§ 336 432
Maximum Temp 337 337 309 266 214 180 171 183 210 238 285 319

Minimum Temp 156 158 145 11.1 8.0 5.9 4.9 5.4 6.4 81 115 1

Radiation 29.0 269 228 178 128 104 108 138 185 233 282 29.6
Evaporation 330 282 251 157 103 68 75 94 130 195 245 302 665 2233
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Narrogin

Rainfall 10 17 21 30 65 92 89 69 47 34 18 13 396 505
. Maximum Temp 308 300 272 224 182 153 146 151 173 21.2 249 289

Minimum Temp 147 149 136 109 8.1 7.0 5.8 5.6 6.2 81 107 129

" Radiation 274 248 198 144 106 8.5 9.8 120 158 21.0 250 269
Evaporation 276 230 198 120 78 53 61 72 98 149 195 253 513 1785
Ongerup PO

Rainfall 17 19 21 26 44 52 50 42 38 34 24 14 260 381
Maximum Temp 29.0 280 258 223 185 158 149 155 177 21.1 241 276

Minimum Temp 13.8 143 129 108 83 6.6 58 5.7 6.3 8.0 105 124

Radiation 276 245 20.0 146 107 8.8 9.6 121 160 220 267 286
Evaporation 262 212 181 113 74 53 63 72 97 145 186 244 504 1702
Pingelly

Rainfall 9 14 17 28 61 87 84 63 41 26 15 11 362 456
Maximum Temp 31.7 312 282 235 192 160 152 157 181 21.7 255 299

Minimum Temp 156 162 146 116 8.6 6.6 58 56 6.3 81 11.2 139

Radiation 293 273 226 155 116 8.9 9.1 122 162 213 255 284
Evaporation 286 239 208 127 82 56 63 76 104 158 205 262 538 1865
Ravensthorpe

Rainfall 20 23 32 34 42 45 46 43 41 38 27 20 255 413
Maximum Temp 29.1 282 263 232 197 172 162 170 190 224 250 276

Minimum Temp 139 141 131 115 93 7.9 6.6 6.3 7.0 89 108 127

Radiation 275 246 205 153 116 95 104 131 174 232 266 279
Evaporation 288 231 198 128 85 61 72 84 116 173 214 272 591 1924

Salmon Gums Res. Stn.

Rainfall 21 23 22 25 34 41 37 33 31 28 26 19 204 340
Maximum Temp 304 296 274 233 193 167 160 172 203 231 260 29.0

Minimum Temp 13.8 141 126 98 69 55 45 46 58 75 101 123

Radiation 276 246 201 152 115 97 104 130 173 224 26.7 285
Evaporation 318 255 220 146 97 69 81 97 136 202 243 301 683 2165
Wagin PO

Rainfall 11 16 19 30 56 76 73 58 42 30 17 12 335 440
Maximum Temp 31.1 296 276 233 192 160 152 157 180 214 249 293

Minimum Temp 144 148 131 103 7.7 6.2 57 54 5.8 74 105 129

Radiation 279 253 197 154 113 87 9.8 126 167 21.6 264 300
Evaporation 268 222 190 116 75 52 60 70 95 143 188 246 495 1724
Wandering PO

Rainfall 10 15 20 35 79 118 115 94 61 43 19 14 510 623
Maximum Temp 31.7 310 282 235 189 160 151 160 181 21.3 258 295

Minimum Temp 13.7 137 120 89 63 50 4.1 4.0 48 62 9.1 119

Radiation 286 257 209 149 109 88 96 119 154 208 26.1 290
Evaporation 276 233 202 121 78 53 59 71 97 147 194 252 505 1783

Watheroo (8130)

Rainfall 14 18 23 23 55 86 79 59 35 22 9 8 336 432
Maximum Temp 33.7 337 309 266 214 180 171 183 21.0 238 285 319

Minimum Temp 156 158 145 11.1 8.0 5.9 4.9 5.4 6.4 81 115 1

Radiation 290 269 228 178 128 104 108 138 185 233 282 296
Evaporation 330 282 251 157 103 68 75 94 130 195 245 302 665 2233
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