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Photo 4.2.2. Leaf rust on wheat.

Seed dressings, in-furrow fungicides placed on fertiliser
drilled or banded at seeding, and foliar fungicides all
help manage and control disease. Seed-borne diseases
can be prevented by seed dressings and long-acting seed
dressings prevent early build up of some diseases such
as leaf rust. Different seed treatments have different
spectrums and length of protection. The outbreak of a
new highly virulent race of stripe rust in 2002 and again
in 2004 has seen the rapid adoption of seed treatment or
in-furrow treatments to manage the disease. Currently
nearly all wheat varieties have low to moderate levels of
resistance to this race of stripe rust.

Seed and/or fertiliser treatment with fungicides can be
beneficial if leaf rust infection occurs very early, for
example from nearby infected volunteers. A trial in
1999 at Katanning compared early season strategies in
fungicide control to conventional foliar sprays (Jayasena
et al. 2000). Impact in Furrow® and Folicur® spray at
late stem elongation both significantly increased yield
from 2.87 t/ha (untreated) to 3.17 t/ha (Folicur®) and
3.18 t/ha (Impact in Furrow®), an 11% increase in yield,
with an estimated profit of $17/ha for Impact in Furrow®
and $20/ha for Folicur® spray.

Inmany seasons, disease severity islow inthe early stages,
developing to moderate levels by the end of the season.
In these cases, foliar applications of fungicides provide
a more economic control. Tilt® or other propiconazole-
based fungicides controlled spot-type net blotch on
Gairdner barley, increasing yields by 0.6-1.3 t/ha, while
Impact in furrow, Folicur® or Triad® were unable to
adequately control it. Crop rotation will remain the
principal means of managing this disease. However, it
is hoped to have fungicide options more clearly defined
and registered for use in the near future.

The results from the last few years indicate a more
targeted approach to fungicide use at seeding is
warranted. Attention should be focused on situations
of high risk in relation to varietal susceptibility and
proximity to volunteer cereals. This has greater potential
to capture benefits in management of the risk of stripe
rust, and can be used in conjunction with use of fungicide
sprays where required in spring to control later disease
onset from leaf rust, Septoria, yellow spot or stem rust.

Keeping stubble on the soil surface protects the soil
from erosion, helps retain moisture, and allows organic
matter to be recycled back into the soil. Generally,
1.5 to 2 t/ha of stubble is left for each 1 t/ha of crop
harvested (Pluske and Bowden 2005). Stubble protects
the soil surface from wind and water erosion. At least
50% ground cover is required to minimise wind and
water erosion and 30% of this needs to be anchored to
the ground otherwise it will blow away in >50 km/hr
winds (Findlater et al. 1990; Carter 2000). Stubble on
the surface acts as mulch, helping to conserve moisture
close to the soil surface.

Photo 4.3.1. Direct drilling large scale canola trials into
standing stubble at Arthur River in 2002.

Nutrient levels in the stubble vary markedly, depending
on soil fertility, management, yield, species, variety, frost,
rain and grazing. Retaining stubble keeps nutrients in
the paddock, but they aren’t immediately available to
the next crop.

A healthy soil contains a variety of organisms including
bugs, ants, beetles, worms, bacteria, fungi and
nematodes. While some of these organisms may cause
crop disease others are beneficial to soil structure and
chemistry. Beneficial organisms break down stubble,
recycle nutrients, glue soil particles together and help
build soil structure required for water and nutrient
flow. The beneficial organisms require a food source,
which can be provided by crop stubble. The stubble
is broken down by soil organisms, which eventually
die and break down, leaving the nutrients behind
(mineralisation). In the meantime, a lot of the soil
nutrients, especially nitrogen can be tied up by the soil
organisms (immobilised) during the process of stubble
breakdown and hence these nutrients are unavailable to
the crop.

The time taken for this residue to break down and be
used by another crop depends on the relative amount
of carbon and nitrogen in the stubble (the C:N ratio),
the quantity of crop residue added to the soil and the
environmental conditions, particularly temperature and
moisture in the soil. Stubbleswitha C:N ratiointherange



of 20 to 30:1 are in balance and mineralisation (organic N
converted to available forms) and immobilisation (crop
residues high in C and low in N are incorporated into
the soil) generally occur at the same rate; ratios above
this favour immobilisation and below this, mineralisation
(Glendinning 2000). Wheat straw has a C:N ratio of
80:1, thus adding fertiliser N at seeding would supply
the N requirement for mineralisation as practically no N
is available from the stubble for the growing crop.

4 3.2. Shubble management and crop yields

A short term trial to investigate stubble management of
the previous crop through burning windrows to reduce
trash and increase crop establishment at Arthur River
in 2003 by Bowden and Loss showed that not burning
windrows gave better yields (4.8 t/ha) than burning
windrows (4.4 t/ha), and both performed better than the
inter-row area, in the presence and absence of adequate
nutrition (Figure 4.3.1)

The biggest challenge to retaining crop stubble is to
deal with machinery blocking up at sowing time. Tined
implements rake the stubble up, and the tines block
up if there is not enough clearance to let stubble pass
through. This is worst when the stubble is moist. The
length of straw left in the paddock is as important as
the total amount. Long straw will bind together and
block up much sooner than shorter straw. Treating
straw before planting time to reduce the length will help
overcome many problems. Disc openers are designed to
cut through straw and so can generally handle stubble
much better. However, when the straw is thick and
tough, and the soil is soft, the stubble is pushed down
into the slot rather than cut by the disc. This is called
“hairpinning” and causes poor seed to soil contact.

If the stubble cover is very thick, or planting machinery
leaves clumps of stubble across the paddock, emergence
and growth of the crop through this stubble can be very
poor. Some plants produce toxins that hinder growth of
plants nearby (allelopathy). Straw from different types
of crops, especially barley, can be allelopathic.
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Figure 4.3.1. Grain yields of wheat for nutrients applied
to the inter-row, unburnt windrow and burnt windrow of
canola. All nutrients (to supply a 6 t/ha crop) - 74 kg/ha N,
10 kg/ha P, 65 kg/ha K, 25 kg/ha S, plus Cu, Zn, Mn and Mo.
(Unpublished data from Bowden and Loss 2004 ).

Most crop management systems in the HRZ use stubble
retention, chiefly for the benefits of erosion control.
The implications for grain quantity and quality are quite
well understood in the wheat belt proper but stubble
retention needs further research in the HRZ. Harvest s
the critical time to manage stubble (e.g. cutting stubble
short and spreading evenly after the header, raking and
burning/baling header trails), but sowing machinery
also needs to be adapted to improve flow through the
machine. Sheep or cattle can eat windrows of straw
during summer. Stubbles are valuable sources of animal
roughage and fit well into an integrated crop/animal
farming system.

Traditionally crop establishment techniques in the high
rainfall zone involved a series of cultivation operations
prior to sowing to loosen up the soil and kill weeds.
With the advent of herbicides and new developments
in seeding technology, establishment techniques have
changed in the past 20 years from full cultivation to direct
drill (minimum tillage) to no-tillage. Minimum tillage
systems have the advantage over full cultivation systems
of improving the timeliness of sowing, soil structure,
moisture conservation, crop safety when using residual
herbicides, and the trafficability of the paddock.

No-tillusing knife points, and toalesser extent, directdrill
are now the ‘norm’ in the HRZ, and all farm-scale trials
conducted as part of DAW 673 (11 in total) were sown
with no-till farm machinery. Farmers predominantly
use standard combines (Shearer and Chamberlain
TCD (trash cultivator drill) style machines), with
only the bigger operators using air seeder technology.
Farmers in the area have fitted to their seeders a vast
range of covering devices, the most popular being press
wheels, finger tines and rotary harrows. Water-limited
potential yields for trials sown as part of this project
have been reached when press wheels have been used
as a covering device.

While direct drill systems increase the reliance on

Photo 4.4.1. No-till combine fitted with rotary harrows
sowing trials in 2004 at Orchid Valley.




Photo 4.4.2. Air seeder sowing into stubble using no-tillage
and press wheels in 2002 at Arthur River.

herbicides for weed control, and hence increases the
risk of herbicide resistance, adopting integrated weed
management should prevent this happening. Although
farmers may observe a slight decrease in early crop
vigour with minimum tillage systems in one in three
years, timeliness of sowing and crop yields over the
longer term are improved.

Farmers using pre-sowing, residual herbicides have
observed better and more well-timed early weed control
as the chemical is acting throughout the critical stage of
crop establishment and yield development. No-tillage
sowing machinery allows a 90-95% ryegrass control
rate from applied herbicides. At the same time, the
establishing crop is protected from the herbicide as the
chemical is thrown out of each furrow and on to the
interrow. The crop can also be protected by changing
the speed of sowing and the type of covering device.

Some farmers argue that Rhizoctonia Bare Patch will
increase with minimum tillage due to the lack of soil
disturbance to cut the fungal hyphae in the soil. Under
these circumstances, it is necessary to remove grasses
in the year prior to cereal crops, control volunteer
grasses following the break of the season and apply
adequate nutrients to promote vigour. Rhizoctonia may

Photo 4.4.4. Standard combine with presswheels sowing
trials in 2002 at Cranbrook.

not be as much of a problem over the longer term as
the soil system can change under minimum tillage and
promote an environment which favours the predators
of Rhizoctonia.

Occasional cultivation should be considered as an
alternative to chemical weed control for rotational
purposes. Trials have shown that occasional deep ripping
may also be required to increase yields on compacted
soils in the HRZ. A large scale trial on a sandy loam
duplex (depth to clay ~ 40 cm) at Arthur River in 2003
(DAW 673) showed that deep ripping to 40 cm prior
to seeding in conjunction with increased nutrition
(130 kg/ha N, 22 kg/ha P, 110 kg/ha K, 26 kg/ha S plus
traces (nutrients to supply a potential 6 t/ha cereal,
based on soil and plant analysis)) and liming (2.5 t/ha)
increased yields by up to 68% over normal farming
practice (55 kg/ha N, 18 kg/ha P, 40 kg/ha K, 18 kg/ha S).
Similarly in 2004, on the same property, Carrolup oats
yields were increased by 30% when plots were deep
ripped to 40 cm 6 months prior to seeding in conjunction
with increased nutrition (160 kg/ha N, 50 kg/ha P,
60 kg/ha K, 22 kg/ha S plus traces) compared to
no-till and farmer nutrition (55 kg/ha N, 18 /kg/ha P,
40 kg/ha K, 18 kg/ha S).

Photo 4.4.3. Deep ripper used for large scale trial at Arthur
river in 2003.
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Photo 4.4.5. Deep ripping, fertiliser and lime increased
barley yields in 2003.



Photo 4.5.1 Canola height was reduced with plant growth regulators but graln yleld was not-mcreased

Higher nutrition (especially N) used to boost crop
yields in the HRZ has the potential to produce crops
with excessive vegetative growth, often associated with
lower harvest indices (ratio of grain to total biomass).
However, nutrition calculated to be sufficient for the
target yield level can assist in allocating assimilates
towards reproductive growth.

Plant Growth Regulators (PGRs) increase crop
yield by allowing a greater allocation of assimilates to
reproductive growth. Research in the United Kingdom
has shown that an early application of PGRs (at stem
elongation), plus a late application (late stem elongation)
can shorten stems by about 20% in cereals (Sylvester-
Bradley 2001). A trial conducted in 2002 as part of
DAW 673 investigated whether PGRs reduced canola
vegetative growth, increased harvest index, minimised
lodging, and as a consequence, increased grain yield
and quality. There was a 27% reduction in the height of
canola with the early (eight weeks post crop emergence)
and late (12 weeks post crop emergence) application of
the PGR Austar® (1 L/ha Paclobutrazol) (Figure 4.5.1).
Although the number of branches, leaves and pods on the
main stem, and pods on the branches were not reduced,
height reduction was not associated with a significant
increase in grain yield over the control. The research
showed that PGRs for crop canopy management in
canola did not increase yields.
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Figure 4.5.1. Plant height (m) and grain yield (t/ha) of canola
withdifferentcanopy managementtreatmentsatArthurRiver
in 2002.




Crop development is seen as changes in crop form bought
about by passage throughits life cycle (Sylvester-Bradley
et al. 1997), defined by the Zadok growth scale (Table
5.0.1). The development rate at which wheat passes
through its life cycle may only be managed at sowing
through choice of variety and sowing date. Subsequent
management can only respond to development through
influencing growth, particularly during the phases
important to grain formation.

Growth scales are a way of determining the growth stage
of a crop and are useful when making decisions such
as determining the safe time to spray a crop, revealing
the growth stage to advisers so they can advise on
management decisions, and sampling for plant nutrient
analysis. The Zadoks growth scale is a 0-99 scale of
development based on ten growth stages (Table 5.0.1).
The most important stages are Seedling growth (1),
Tillering (2), and Stem Elongation (3) which span the
time when most problems arise and most management
decisions must be made.

5.1. Variely choice

The ‘E-variety guide’ developed by DAWA gives variety
information for different Agricultural zones in Western
Australia according to relative yield, disease and pest
susceptibility. Variety and time of sowing are discussed
at length in the Crop Variety Sowing Guide (DAWA).
This bulletin, produced annually, should be consulted
for up-to-date information.

Knowledge of crop varieties recommended for the HRZ
provide the opportunity to select varieties that maximise
profits, attract premiums and yield more for particular
farming systems. Yield will be the major determinant of
returns, but grain quality (protein percent, screenings,
hectolitre weight, and weather damage) affect grade
and price.

Table 5.0.1. The Zadok’s growth scale (Zadoks et al. 1974).

CROP DEVELOPMENT

Photo 5.1. Single row trials in 2004 comparing longer-season
wheats with current varieties grown in the HRZ.

For a crop to fit into the HRZ, it must be suitable for
sowing as early as mid April, mature under relatively
cool conditions, (~23°C) and have a season length of
greater than 6 months (May — October). As disease
pressure is greater in the HRZ, varieties tolerant to leaf
diseases like leaf, stem and stripe rust, yellow spot, net
blotch and Septoria should be selected.

Crop varieties have had an important role in yield
improvement in the HRZ in recent years and new
varieties will continue this improvement.  Crop
production may be improved by selection of varieties
that flower at the appropriate time from a range of
sowing opportunities, have a better conversion of
biomass to grain, have the capacity to store greater
amounts of carbohydrates in the stem to buffer against
dry finishing conditions, contain appropriate disease
resistance, produce adequate protein levels, and have
tolerance to weather damage and sprouting.

Variety selection for the HRZ has been limited due
to a greater emphasis on breeding for varieties suited
to wheat belt conditions. For example, it is suggested
that the ideal wheat for the area is one that flowers

0 Germination Z0-Z09 — Dry seed to first green leaf at tip of coleoptile

1  Seedling growth Z10-Z19 - First full leaf to nine leaves emerged

2  Tillering Z20-Z29 - Tillers on mainstem to tillers on mainstem and nine more
3  Stem elongation Z30-Z39 - Youngest leaf sheath to flag leaf ligule just visible

4 Booting Z40-Z49 - Flag leaf sheath extending to first awns visible

5 Ear emergence Z50-Z59 — Tip of ear visible to ear emergence complete

6 Flowering Z60-Z69 — Few anthers at middle of ear to anthesis complete

7 Milk development Z70-Z79 — Kernel watery ripe to Late milk

8  Dough development Z80-Z89 — Early dough to hard dough

9 Ripening Z90-Z99 — Grain hard to secondary dormancy lost

n
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10-15 days later than Wyalkatchem, and has more grains
per ear (see figure 5.1.1). There are new crossbreds
at advanced stages of testing that are longer-season
types with the potential for earlier sowing. These are
Noodle and Australian soft wheat types, dual-purpose
(suitable for grazing and later recovery for grain) late
spring and winter wheats and feed and malting barleys
that have improved disease resistance. Many of these
long-season crops will not be of value in the HRZ as
only one in four years has early rains with the break of
season in April (Zhang et al. 2005a). For many of the
currently-available dual-purpose long-season wheats to
be of value, they would have to be planted in February/
March and grazed in July/August.

Farmers in the Southern Agricultural Region (including
the HRZ) grow 47% of the area of barley produced
in the state, although the amount hinges on rotation
and price. Yields of barley are generally better than
wheat, particularly in short seasons. However, there
is a risk of downgrading to feed quality (the price of
feed barley is 20% lower than feed wheat), and the price
differential between feed and malt quality barley may
widen. The narrow grain shape of high yielding barleys,
like Gairdner, usually means high screening levels,
increasing the amount of feed barley on the market.
Current markets show a price difference between feed
and premium malting quality barley of $40/t (2004).
It is necessary to find high vyielding, plump grain,
disease resistant barleys which attract premiums. A high
yielding malting variety and use of the best agronomy to
reach malting quality in the HRZ is recommended.

The fastest-growing grains market in the world is feed
grains for the intensive livestock industries in Asia, where
increasing affluence is shifting diets towards diverse,
high-protein meats. It is possible that the HRZ could be
used to produce these grains. In the short term, the feed
grains industry will accept low-grade grain. However, it
will become more demanding with regards to plumpness
and weather damage in the future due to the need for
more energy value and a more consistent product.

Recommended crop species and varieties for sowing in
the HRZ:

High yielding noodle (e.g. Calingiri) or soft
wheats (e.g. Datatine) with low susceptibility to disease
(particularly Septoria nodorum, yellow spot, stripe
and stem rust) are recommended and a ‘safe bet’ for
growing in the area as proteins tend to be low (Figure
5.1.1.). However, both higher yields and good quality
(increased protein) APW (Australian Premium white)
wheats can be achieved with varieties such as Carnamah
and Wyalkatchem provided fertiliser management is
appropriate. In a study at Arthur River in 2001 (DAW
673), WAWHT?2193, a Chinese steam bread type, yielded
the highest. As frozen steamed buns are becoming a
convenience food there is a potential for this market to
grow. Screenings in our experiments have been low for
all varieties in the zone.
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Figure 5.1.1. Grain yield (t/ha) and protein (%) of wheat
varieties sown at Arthur River in 2001.

High yielding malt barleys with low disease
susceptibility (particularly net blotch and powdery
mildew) are recommended for the gravel soils
and/or early season finishes. In trials, Gairdner barley
yielded well (up to 5.6 t/ha), but consistently had high
screenings. High vyielding, larger grained barleys like
Baudin may make it economical in the future to achieve
high yields and still achieve malting grade.

In our experiments (DAW 673), canola has
produced high biomass that was not translated into high
yield, particularly with increased nutrition. More than
99% of varieties sown in Western Australia are Triazine
tolerant or Imidazoline tolerant. They are an option
where wild radish can be controlled with herbicides
but where the canola crop is not damaged. 2003 trials
showed that Surpass 603CL yielded well (2.9 t/ha).
Beacon (triazine tolerant) canola also yielded well
(2.8t/ha), buthad low resistance to blackleg (Leptosphaeria
maculans). In 2004, AgriTech Crop Research conducted
two trials on a gravelly loam soil near Tunney. Out of the
triazine tolerant varieties, Beacon (2.9 t/ha), Thunder
TT (3.2 t/ha), Tornado TT (2.9 t/ha) and BLN 2893 TT
(2.8 t/ha) performed the best, despite limited rainfall
towards the end of the season. The higher yielding
Clearfield canola varieties were Pioneer 03N7341
CL (2.5 t/ha) and Rocket CL (2.4 t/ha). The lack of
Blackleg resistance limited Surpass 603CL performance,
resulting in significantly lower vyields (1.4 t/ha)
(F. Martin, personal communication).

There are currently no high-
value pulse options that have immediate agronomic
potential. All crop types need additional cultivar
evaluation before they can be recommended. However,
a number of pulse species have now been tested from
1999-2003 by the DAWA pulse project (Table 5.1.1).




High value pulses are a cropping option for niche
markets. While niche markets are highly susceptible to
large fluctuations in supply and demand, the increased
range of crop options may allow growers to alternate
between crops depending on prices available.

Narrow leaf lupins and field peas have been grown as break
crops in the high rainfall cropping zone. Lupins are grown
mainly for stock feed. Crop variety testing by DAWA has
shown that Tanjil narrow-leafed lupins are the preferred
variety. Intrials, Belara” and Quilinock® narrow leafed lupins
are higher yielding, but are more susceptible to anthracnose
(Colletotrichum gloesporiodes), a seed borne fungus that infects
both seedlings and pods, causing up to 100% yield reduction.
Dunwa”, Helena” and Parafield” Dun-type field peas are
the preferred varieties. Kaspa, a semi-leafless Dun seed type
field pea with an upright growth habit, may be the variety of
the future.

Photo 5.1.1. Visiting wheat variety trial at Arthur River
during HRZ field day in 2001.

Oats. Oats from Western Australia are ranked amongst
the best quality in the world because of their plumpness,
groat (kernel) percentage, bright colour, low levels of
admixture, low pesticide use and low levels of moisture.
Oats have four main uses: domestic milling (food
products), domestic feed (lower value stock feed), export
milling (high value stock feed and processing) and export
hay. Delivery of grain is in three grades: ‘milling’, ‘feed’
and ‘specific variety segregations’ (segregated specifically
for domestic milling requirements based on variety).
In the milling market, there is a strong preference
for non-dwarf varieties because of their higher groat
content and better grain characteristics. Commonly-
grown milling varieties for the zone include Hotham
(high vyielding), Carrolup and Mortlock. There is a
consistent market (Quaker oats) for the lower yielding
Carrolup and Mortlock, which have premiums over the
other milling varieties. Commonly-grown feed varieties
include Dalyup and Wandering. Many farmers prefer
to grow higher yielding dwarf oats over higher value
non-dwarf oats because profit levels are consistently
higher (G. McDonald, personal communication). The
recommended hay variety is Winteroo, and Wandering
is recommended for the dual purpose of hay and feed.

Photo 5.1.2. Visiting barley trial at Tunney during HRZ field
day in 2002.

Photo 5.1.3. Visiting Canola trial during HRZ field day
in 2002.

Table 5.1.1. Crop yield data from high-values pulse species trials in the Albany district. (Unpublished data from Poulish, 2004).

Species Pulse Botanical name Variety Average Yield (t/ha)
Beans Lupini Bean Lupinus albus Lupini 0.16

Faba Bean Vicia faba Fiesta 0.41
Chickpeas Kabuli Chickpea Cicer arientinum Kaniva 0.47

Desi Chickpea Cicer arientinum Sona 0.42
Peas Marrowfat Pea Pisium sativum Primo 0.95

Blue Pea Pisium sativum Excell 0.47

White Field Pea Pisium sativum Snowpeak 1.02

Dun Field Pea Pisium sativum Helena 1.40
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Delays in sowing beyond a critical date can substantially
reduce the grain yield of most crops due to high
temperatures and/or the exhaustion of soil moisture
restricting grain development and filling. Critical sowing
dates vary with crop genotype, incidence of frost, season
and location. Sowing as early as possible and using the
correct variety for each sowing time should mean that
all varieties flower at the ‘safest’ or optimum time of
year, thus maximising grain yield of a crop species or
variety (genotype). The safest or optimum ‘window’ of
time is the period after the last damaging frost in spring
(termed the ‘flowering window’). However, to ensure
that grain filling is not restricted by lack of soil moisture,
flowering needs to occur before the last frost and some
risk of frost damage has to be accepted.

Frost generally occurs when temperature in a
meteorological screen falls below 2.2°C, which usually
corresponds to 0°C at ground level. Crops are most
susceptible during flowering, which with our current
varieties, occurs during late September/early October.
Table 2.1.1 shows that there is a 30% risk of a damaging
frost during flowering at Kojonup. Temperature,
cloud cover, wind strength, elevation and aspect in
the landscape, colour of the soil, duration of cold
temperatures and soil moisture determine the severity
and impact of frost.

Crops are sensitive to frost damage at or near flowering
because it causes flower abortion and subsequent yield
losses. Fortunately, flowers on a predominantly frosted
plant that escape damage usually go on to produce grain
of high quality due to greater supply of assimilates to a
low number of grains.

Frost at flowering time in a wheat crop can cause yield
losses ranging from 5 to almost 90%, depending on
severity (Consult Ag 2001). Barley is more tolerant to
frost than wheat, as plants flower and pollinate the grain
whilstthe head isstill in the boot. The insulation provided
by the boot protects barley against most frosts but it is
most susceptible to damage when the head first emerges
from the boot. However, frosts during grain filling have
major effects on grain quality (shrivelling), but less effect

onyield (Consult Ag 2001). For example, frost during the
milk stage of development causes shrivelled grains (thus
high screenings) and higher protein in barley, making it
difficult to achieve malting quality.

Lupins are rarely damaged by frost prior to flowering,
but are quite susceptible during bud formation to
flowering when the frost sterilises the flower buds and
they fall from the plant. Lupins can set pods on primary,
secondary and tertiary branches providing there is a soft
finish to the season. Canola is relatively unaffected by
frost at flowering because of its long flowering period.
However, if frost occurs after flowering, seeds in the
pod are killed and significant yield reductions and grade
losses occur. A frost at this stage with seeds containing
50 to 60% moisture can cause losses as high as 30%
(Carmody In Consult Ag 2001). A canola crop ready
to swath at 35-40% grain moisture will normally escape
frost damage. Grain samples from frost damaged canola
are frequently low in oil (30-38% instead of 40-44%) and
light in weight caused by the high number of shrivelled,
empty canola grains.

Generally, varieties that have a long growing season
(late maturing) should be sown early to flower at the
optimum time and varieties that have a short growing
season (early maturing) should be sown late to flower
at about the same time. Thus, if a wide range of sowing
times is likely, two or three varieties should be chosen.
An analysis of Table 5.2.1 below shows that both
Wyalkatchem and Calingiri would be susceptible to frost
damage at flowering when sown early and at the optimal
time. This indicates that Wyalkatchem and Calingiri
are not suited to the high rainfall environments if sown
in May unless sown high in the landscape where cold air
drainage down slope will reduce the risk of damage. The
best suited variety for the zone would be one that flowers
at least 10-15 days after Wyalkatchem when sown in
mid May. The probability of Declic and Tennant winter
wheats being affected by frost is much lower, but yields
will be reduced due to high temperatures and/or the
exhaustion of soil moisture later in the season, restricting
grain development and filling. Our experiments (CSP
302) showed that Tennant produced 40% less yield than
Wyalkatchem (Zhang et al. 2005a).

Table 5.2.1. Flowering date and risk of a damaging frost (%) of Wyalkatchem and Calingiri (spring wheats) and Declic and
Tennant (winter wheats) when sown early (6 May) and at the optimal time (24 May) at Arthur River in 2004.

Date sown Sown 6 May Sown 24 May
Variety Flowering date Frost risk* Flowering date Frost risk*
Wyalkatchem 15 September >30% 30 September >30%
Calingiri 20 September >30% 8 October 30%
Declic 22 October 20% 1 November 10%
Tennant 30 October 10% 1 November 10%

*Frost risk calculated for Kojonup (see Table 2.1.1).




Flowering time of varieties depends on response to low
temperatures (vernalisation), long days, or both. For
example, winter wheats such as Tennant and Declic
have a requirement for low temperatures before they
flower, thus they tend to flower later. Spring wheats like
Calingiri and Carnamah flower in response to increasing
day length in spring, thus flower earlier (Table 5.2.1).
Most varieties have a combination of vernalisation and
daylength sensitivities, thus their maturity response will
vary from season to season depending on sowing date
and local temperatures.

At Boyup Brook, where the average season is longer
than at Kojonup and Arthur River, the optimal sowing
time for wheat is mid to late May. Table 5.2.2 shows the
grain yields of varieties of wheat sown in 2002 in early
and late May. At both times of sowing, varieties yielded
similarly indicating that the penalty for late sowing is
not so great in this region due to the relatively mild
seasonal finishes.

Research on Gairdner barley in the HRZ has shown
that for it to achieve malting grade and yield potential,
the optimum sowing date is mid May.

Thus, the ‘flowering window’ is a variable period, which
changes not only from season to season and from one
location to another depending on the climate, but also
within crop species and varieties themselves. Table 5.2.3
gives a comparison of estimated flowering windows

for wheat, barley, oats and lupins at Mount Barker
(and south west in general), when sown between
9 May and 6 June, currently the most common seeding
opportunity in the HRZ.

The FLOWERING CALCULATOR is a model
developed by DAWA that calculates the flowering time
of wheat according to sowing date and wheat variety
characteristics for a given set of climatic conditions.
It gives comparisons of flowering outcomes relative
to risks of frost and high temperature events and the
likelihood of experiencing optimum conditions during
grain development. Farmers have utilised this calculator
to manage their variety selection and sowing time.
Farmers adjust sowing dates so that each cultivar will
flower at the best time for maximum yields and choose
cultivars appropriate to sowing at particular times. In
other words, it is an aid to avoid sowing a variety at
an inappropriate time. For example, in an early sowing
opportunity, growers will sow long season varieties
and switch to shorter season varieties as the season
progresses. In high frost risk areas, growers will delay
seeding to ensure crops don't flower during periods
of significant risk of frost. The model is continually
updated, although it requires calibration for current
varieties in the HRZ.

Table 5.2.2. Grain yield and screenings of selected soft and noodle wheat varieties sown on 9 May and 29 May at Boyup Brook

in 2002.

Variety Grain yield (t/ha) Screenings (%)
Date sown 9 May 29 May 9 May 29 May
Calingiri 3.5 3.7 3.9 5.3
Carnamah 3.3 3.7 53 6.3
Wyalkatchem 35 3.9 1.7 1.7
Datatine 3.6 35 55 6.6
EGA Jitarning 3.8 3.7 5.4 5.9
WAWHT2193 (steam bread standard) 4.1 4.3 4.8 4.9

Table 5.2.3. Estimate of the flowering window for wheat, barley, oats and lupins at Mount Barker and the south-west of

Western Australia (when sown between 9 May and 6 June).

Location Wheat *Barley *Qats **|_upin
Mount Barker 13 Sep.-16 Oct 19 Sep.-9 Oct 5 Oct-25 Oct 1 Sep-30 Sep
South-west 13 Sep.— 15 Oct 18 Sep.—8 Oct 18 Sep.—8 Oct 1 Sep.—20 Sep

*Estimates are for ear emergence in barley and oats, and **flowering on 50% of main stems in lupins.
(Source: David Tennant, climate impact group, DAWA).




6.0. CROP NUTRITION

Even when productive paddocks are selected for
cropping, nutrition can still be the major reason why the
potential yield of a crop in the HRZ is not achieved.

Research over the past four years has frequently
shown that low soil nutrition is one of the two
major constraints (the other being sub-surface
waterlogging) to crop production in the HRZ.

Trials in the area have identified nitrogen and
phosphorus as the major soil nutrients limiting yields
and crop production. All plant nutrients need to be
provided as crop yield can be limited by a deficiency of
a single essential nutrient, even if all the others may be
in adequate supply. Thus, expenditure on either N or
P can be wasted if potassium, sulphur or trace elements
are deficient. Crop species also differ in the amount and
timing of nutrients required for adequate growth.

Soil tests are still the best indicator of soil health, acidity
and nutrition, and are essential to determine the fertiliser
requirements for a target yield. Until recently, soil tests
were considered particularly apt for P and K in Western
Australia. However, evidence from trials by DAWA
and CSBP have shown P recommendations for cereals
following canola on gravelly acidic soils in the HRZ are
inadequate for high yielding crops, even when the tests
indicate high soil P. A plant analysis at the 5-leaf stage
(Z15) will indicate adequacy of nutrient tissue levels for
continued growth. This s particularly important in high
yielding crops.

6.1.1. Nifrogen

Nitrogen, a major determinant of yield and protein in
non-legume crops is the most limiting nutrient for most
crops grown in the HRZ. A wheat crop removes about
25 kg/ha nitrogen for each tonne of grain at 10 per cent
protein. Thus, a 6 t/ha crop removes approximately
150 kg/ha nitrogen, which must be supplied either from
soil organic residues, the previous legume crop, or from
nitrogen fertiliser.

Nitrogen in the soil can be divided into three
components; residue organic nitrogen (RON), stable
organic nitrogen (SON) and inorganic nitrogen. About
30— 50 per cent of RON is available to the current crop
during the growing season, with the amount available
for mineralisation dependent on removal in grain, hay
or animal products. Nitrogen can be lost by ammonia
volatilisation as well as via physical processes such
as leaching and erosion. SON is slowly mineralised,
and only 2 - 3 per cent is available during the growth
of the current crop. However, significant releases of
SON do occur after summer and/or autumn rains. As
a rule of thumb, a soil with 0.8 per cent organic carbon
and 10 per cent gravel will supply about 50 kg/ha of
available nitrogen through mineralisation. Fertiliser
nitrogen comes in the form of urea, ammonium or

nitrate nitrogen (the soluble form that plants use).
Soil bacteria convert ammonium nitrogen to nitrate, a
process called ‘nitrification’, which is dependent on soil
moisture and temperature and is slower under acid soil
conditions. Urea is rapidly converted to ammonium
nitrogen depending on the moisture, temperature and
acidity of the soil.

The adoption of liquid fertilisers in Western Australia
has been rapid, and over the past three years a large
proportion of farmers have used Flexi-N (urea
ammonium nitrate solution, 32% N w/w). Flexi-N
is absorbed by the plant both through the leaves and
through the roots providing a new option for increased
flexibility in timing nitrogen applications to meet the
demands of the crop. Most farmers adopting Flexi-N are
applying it through existing boom sprays because there
is no expense associated with specialised machinery. At
seeding, Flexi-N is applied to the soil surface, although
sub-surface application can be used. In the future, more
farmers will choose to band liquid fertilisers through
seeders, possibly providing improvements in nutrient
use compared to granular applications. This also allows
the simultaneous application of in-furrow fungicides
and trace elements.

The cool, moist conditions during grain fill that are often
experienced in the HRZ mean that grain protein will
generally be low, especially in wet years when N applied
at seeding is lost through leaching and grain filling is
not limited by a lack of moisture in the spring. Trials
conducted by CSBP in 2003 show that growers may
be able to boost protein content of cereals by the late
application of 12 - 20 kg N as Flexi-N in wetter seasons
and when yields are likely to be high (Pol and Loss
2004). The lift in protein might change grain quality
to a higher value segregation; meeting minimum protein
percentages in wheat and barley.

Crop rotation has a large impact on organic matter and
the soil nitrogen levels and nitrogen available for the
subsequent crop. When making decisions on fertiliser
nitrogen, it is important to consider the crop rotation,
the demand for the crop species to be grown (which is
influenced by its potential yield), and the soil organic
and nitrogen levels.

Grain yield and protein concentration depends on
supply and demand, both of which vary markedly with
soil, season and a host of agronomic factors. Growers
must have knowledge of their soil supply and demand of
nutrients in order to produce grain, which suits market
requirements and end uses. For example, Australian
Hard (greater than 11.5 per cent) and Special Hard
(greater than 13 per cent) demand high protein
concentrations. Chinese alkaline noodles also require
a high protein concentration (12-13 per cent), but
Japanese white noodles require a protein concentration
between 9.5 and 11.5%. The protein percentage of the
Australian soft wheat grade must be below 9.5.




Timing of nitrogen application is crucial, and some part
of the total dose is best applied as early as possible so
as to maximise chlorophyll production, increase tiller
number and photosynthetic area.

Practicality and profitability are the key drivers to
deciding when to apply nitrogen. In the high rainfall
zone, there may also be a trade-off between losing some
nitrogen to leaching and the ability to apply nitrogen
fertiliser before the paddock becomes too wet. Another
option is to use a nitrogen source that is less prone to
volatilisation and leaching, such as ammonium sulphate
and spread it prior to sowing. There is still a risk of
leaching losses from opening rains if the ammonium has
converted to nitrate before or from the opening rains.

Split applications of nitrogen in wheat in high yielding
situations can raise protein levels to achieve protein
bonus payments. For example, in 2004 applying
40 kg/ha N at seeding and again at the first high rainfall,
then 80 kg/ha N at flag emergence increased protein
from 9.1% (control) to 11.3% in Calingiri wheat (Hill
et al. 2005), making it acceptable for the noodle grade
market (9.5 — 11.5% protein). Late uptake of nitrogen
and the mobilisation of nitrogen from senescent (dying)
lower leaves ensure more nitrogen is available for
transfer to the seed for protein production.

‘Select Your Nitrogen” (SYN) is an excellent
decision tool available from DAWA for quantifying
nitrogen availability and crop responses in broad acre
farming systems.

B.1.2 Nifrogen responses — Tacfics are needed

Crop requirements for nitrogen will depend on season
(mainly rainfall), soil type, paddock history, soil moisture
and yield potential. For example, larger yield potentials
will be obtained and more nitrogen will be needed in
high rainfall years, because higher yielding crops can be
grown. Trials conducted by CSIRO in the high rainfall
cropping zone in 2001, 2002 and 2003 and subsequent
modelling, determined that waterlogging occurs in 50%
of all years and that 20-30% of the growing season
rainfall can be lost through deep drainage or lateral
flow. Waterlogging also includes the loss or leaching
of nutrients (particularly N) out of the crop root zone,
reducing plant uptake of N and final grain yield. This
effect is greater at certain times of crop growth. For
example, if waterlogging occurs at the tillering stage,
lower tiller numbers result and would mean a reduction
in ear numbers, thus reducing grain yield potential.

Photo 6.1.1. Dipwells show water was in the crop root zone
four times during the 2003 growing season at Cranbrook.

A trial conducted in 2003 (Hill et al. 2004) at Cranbrook
showed that waterlogging occurred four times during the
growing season, a year considered normal for the HRZ.
Waterlogging reduced N uptake during crop growth by
loss out of the root zone. Grain yield was increased 60%

Table 6.1.1. The effect of N timing on tiller numbers, dry matter, protein and grain yield on Calingiri wheat at Cranbrook,
2003. [33%N = 53 kg N/ha, 66%N = 107 kg N/ha. Values in parenthesis; additional 53 kg N/ha after 3" waterlogging]

Dry matter Grain yield

Treatment Tillers/m? (t/ha) Protein (%) (t/ha)
Nil 239 4.5 9.1 2.2

All N at seeding (160 kg N/ha) 228 4 9.1 2.2
33% N at seeding, rest at 1st node (Z31) 272 53 9.1 2.7
33% N at seeding, rest after waterlogging 344 7.5 9.3 (10.4) 3.5(3.8)
33% N at seeding, 1st node (Z31) and after waterlogging 426 8.9 9.5 (10.7) 3.5(4.0)
LSD(p<0.05) 34 1 0.8 0.6
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