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Start here for answers to
your immediate triticale
crop management issues

What is triticale used for?

Are best management practices
for weed control in triticale
similar to those for wheat?

Which nematodes are triticale
susceptible to?

Is triticale susceptible to frost
damage?

How can | best store triticale
grain?
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Introduction

A1 Crop overview

Triticale is an established small cereal crop that combines the productivity of wheat
with the hardiness of rye. Triticale (genus X Triticosecale) was developed by human
intervention from crosses between wheat (genus Triticum) and rye (genus Secale).
The grains are longer than wheat seeds and plumper than rye, and colour can
range from the tan of wheat to the grey-brown of rye (Photo 1). Triticale has several
advantages in Australian conditions: this relatively low input cereal crop has good
disease resistance, particularly to rusts. It is a hardy plant, which produces a feed
grain as high quality as wheat.

Triticale makes good use of land that is marginal for other cereals. It has been
developed to combine the high yield potential and quality of wheat with the
adaptability of rye, and it is adapted to a wide range of soil types and environments.
Triticale has an aggressive root system that binds light soils better than wheat, barley
or oats. Under ideal conditions, researchers have found that triticale can out-yield
wheat, barley and sometimes oats. It can out-yield wheat in several situations: on
acid soils, in cool high-rainfall areas, and on low-nutrient soils, such as those with

low levels of manganese and copper. Triticale is well established as an ingredient in
livestock rations.

-

Photo 1: Grains of wheat (left), rye (middle) and triticale (right). Note that triticale
grain is significantly larger than wheat grain.

Source: USDA

It is a tall crop bred for strong straw strength, which can be useful in rocky paddocks
or circumstances where crops have been known to lodge. Triticale can out-yield
barley under good conditions, and its dual purpose use as grain or forage makes it a
useful crop for mixed enterprise farms.

Triticale in Australia has a spring growth habit, which means it behaves similarly

to most cereal crops, maturing in late spring to early summer. Breeding and
selection programs have ensured varieties possess a range of disease and pest
characteristics, which can complement disease management for other cereals. It can
also carry diseases that may affect other cereal species.

Triticale and wheat are similar crops, but triticale represents a valuable alternative to
wheat, due to its greater biomass production and grain yield in Mediterranean-type
growing conditions, such as those in parts of southern Australia.

Triticale can be less susceptible to the common fungal diseases of cereals, which
make it suitable for use in rotations where stubble is retained. Some varieties have

1 S Bassu, S Asseng, F Giunta, R Motzo (2013) Optimizing triticale sowing densities across the Mediterranean Basin. Field Crops
Research 144, 167-178.
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good resistance to stem, leaf and stripe rusts, mildew and Septoria tritici blotch, as
well as both resistance and tolerance to cereal cyst nematode (CCN).

Triticale has poor tillering capacity and good tolerance to shattering. This makes it a
useful cereal as a cover crop to establish undersown lucerne or medic. Seeding rates
may need to be reduced, however. 2

Besides its use as a feed grain, triticale can be used as a forage crop for ruminants
and as a cover crop.

When added to a rotation, triticale may increase yields of other crops in the rotation,
reduce costs, improve distribution of labour and equipment use, provide better
cash flow, and reduce weather risk. Additionally, production of triticale may provide
environmental benefits, such as erosion control and improved nutrient cycling. 3

Triticale yields more than its ancestors in two types of marginal conditions: in the
highlands, where acid soils, phosphorus deficiency and foliar diseases are dominant;
and in the arid and semi-arid zones, where drought affects crops production. *

Triticale is a mainstream crop in Australia, mostly as spring types grown for grain
production, but also as longer-season, dual-purpose types grown for fodder as hay,
silage or grazing, followed by grain production.

The grain is primarily used as stock feed, with a low level of triticale use in
food products. Most of the grain is used domestically although small amounts
are exported. ®

Triticale usually commands a lower price per tonne at the farm gate. An exception to
this can be where there is strong local demand for feed grain, where a better cash
return with low transport costs could be expected. ©

The market for triticale is small compared to other cereals because it must compete
with barley as the preferred winter feed grain. To combat this, breeders have
released improved and better adapted varieties that have good yield and grain
quality characteristics, with many of the factors identified as the cause of inferior
performance having been eliminated. ’

A1  Triticale for human consumption

Small amounts of triticale are marketed as niche products for human food
consumption. Uses include as a flour supplement to wheaten flour for bread, biscuits
and cakes, as rolled whole grains for breakfast cereals, triticale noodles and in the
brewing and distilling industries (Photo 2). Triticale has a distinctive nutty, aromatic
and naturally sweet flavour. & Triticale as a main cereal for breadmaking is constrained
by variations in breadmaking quality, low and inferior gluten content and lower flour
yield. Further, with wheat and rye already established as the traditional bread cereals,
it may take some time to influence consumers’ preferences towards triticale.

2 Agriculture Victoria (2012) Growing triticale. http://agriculture vic.gov.au/agriculture/grains-and-other-crops/crop-production/growing-
triticale

3 LR Gibson, C Nance, DL Karlen (2005) Nitrogen management of winter triticale. lowa State University. http://farms.aqg.iastate.edu/sites/
default/files/NitrogenManagement.pdf

4 M Mergoum, H Gomez-Macpherson (2004) Triticale improvement and production. FAO Plan Production and Protection Paper 179. Food
and Agriculture Organization of the United Nations. http://www.fao.org/3/a-y5553e/y5553e00.pdf

5 KV Cooper, RS Jessop, NL Darvey ‘Triticale in Australia’ in M Mergoum, H Gomez-Macpherson (2004) Triticale improvement and
production. FAO Plan Production and Protection Paper 179. Food and Agriculture Organization of the United Nations. http://www.fao.
ora/3/a-y5553e/y5553e00.pdf

6 P Matthews, D McCaffery, L Jenkins (2016) Winter crop variety sowing guide 2016. NSW Department of Primary Industries. http://www.
dpinsw.gov.au/ _data/assets/pdf file/0011/272945/winter-crop-variety-sowing-quide-2016.pdf

7 Birchip Cropping Group (2004) Triticale agronomy—2004. http://www.farmtrials.com.au/trial/13801

8 Agriculture Victoria (2012) Growing triticale. http://agriculturevic.gov.au/agriculture/grains-and-other-crops/crop-production/growing-
triticale
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Photo 2: Wholegrain triticale flour (left) and kibbled triticale (right) milled for human
consumption.

Source: Blue Lake Milling

As consumers in general become more health conscious, however, there is a growing
awareness of the health benefits of including a range of cereal grains in a balanced
diet. This increased consumption of grains, together with the current consumer trend
of trying new products, is leading to an increase in consumer interest in seeking
baked products, such as breads baked using cereal grains other than wheat. Thus,
given the nutritional and agronomic advantages of triticale, the improvements taking
place in terms of baking potential, and an increasing level of consumer interest

in products made from alternative grain cereals, triticale is believed to have the
necessary attributes to become an important food cereal for humans in the future. ®

Main culinary uses of triticale:

. Triticale flour: can be used to make biscuits, rye-type crispbreads, cakes and
muffins. The flavour and texture of breads made from triticale are similar to that
of light rye bread.

. Triticale flakes: Wholegrain triticale is pressed and rolled, and then may be used
like rolled oats to make a hot breakfast cereal, or substituted for rolled oats in
recipes (such as cookies and muffins).

Nutritional credentials of whole grain triticale:

. similar to wheat, with 13% protein, but lower in lysine and niacin
(i) MORE INFORMATION P v

. lower in the protein complex that forms gluten

. a good source of phosphorus and magnesium, and a very good source
Food uses of Triticale of manganese

. contains B-group vitamins, most notably thiamin and folate

. One study suggested triticale could be a food source that reduces obesity and
diabetes problems "

9 CM McGoverin, F Snyders, N Muller, W Botes, G Fox, M Manley (2011) A review of triticale uses and the effect of growth environment on
grain quality. Journal of the Science of Food and Agriculture 91(7), 1155-1165.

10  Grain and legumes nutrition council (2016) Triticale. http://www.glnc.org.au/grains/types-of-grains/triticale/

1 Cooper (1985) in S Tshewang (2011) Frost tolerance in Triticale and other winter cereals at flowering. Environmental
and Rural Science. University of New England. https://e-publications.une.edu.au/vital/access/manager/Repository/
une:8821;jsessionid=CIFFA8964B3A49AD3A44FC3BDO3EA2E?exact=sm_contributor%3A%22Birchall+C%22
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AA1.2 Triticale for animal consumption

The major uses for triticale grain are as a feed supplement in the dairy industry, as a
component ingredient in beef feedlots, and as a constituent of compound rations for
intensive livestock (pigs and poultry) rations. In livestock diets, triticale has a similar
role to other cereals. Triticale is higher in energy than barley, and has many desirable
nutritional characteristics for all classes of livestock. It is primarily an energy source,
having moderate protein content with high starch and other carbohydrates, giving it
high energy content.

Photo 3: Triticale is often chosen by farmers for stock feed due its high
nutritional qualities.

Source: The Australian Dairy Farmer

Triticale is a direct substitute for barley or wheat in animal feed rations. In pig and
poultry diets, triticale is equal to or better than wheat or maize in terms of energy
value, and superior in terms of protein content and quality (essential amino acid
content and availability). In dairy rations, triticale has an advantage over barley due to
its high, easily metabolised energy, palatability and ease of milling.

A key physical feature of triticale is that it has a hardness index almost half that
observed for wheat and barley. This soft grain requires less mechanical energy to mill
it before being added to livestock diets than does either wheat or barley.

On farm, triticale can be fed to livestock in the same way wheat or barley would be. ®

Triticale growing regions correspond with the bulk of Australia’s intensive livestock
production, making triticale grain readily accessible by most feed mills.

There is a high demand for feed grain in the Wimmera region, especially for triticale,
from the dairy and pig industries. The reduced transport costs and the slightly
higher price for triticale compared to other feed grains makes triticale an attractive
proposition. ™

12 Birchip Cropping Group (2004) Triticale agronomy—2004. http://www.farmtrials.com.au/trial/13801

13 Agriculture Victoria (2012) Growing triticale. http://agriculturevic.gov.au/agriculture/grains-and-other-crops/crop-production/growing-
triticale

14 University of Sydney (2012) Triticale. http:/sydney.edu.au/agriculture/plant_breeding_institute/key_work_results/triticale.shtml
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AA.3 Triticale for biofuel

Alternative fuels are required owing to the impending shortage and soaring prices
of fossil fuels, and increasing global concern about the welfare of the environment.
Biofuels are produced from organic matter and are a possible alternative fuel.
Modern cultivars of triticale are a competitive feedstock for ethanol production.
Advantageously, triticale possesses an autoamylolytic enzyme system that aids in
converting large quantities of starch into fermentable sugars. Triticale is better suited
to the production of biofuel than wheat. The use of triticale for biofuels has been
explored in Europe, and could have potential elsewhere in the world.

A.2 Growing regions

The southern grains region stretches from Victoria, through to Tasmania and South
Australia. The rainfall pattern ranges from uniform in central New South Wales through
to winter-dominant in Victoria, Tasmania and South Australia.

This is a vast region of the country with a typically Mediterranean climate of dry
summers and comparatively reliable winter rainfall, lending itself to winter crop
production.

Planting of the winter crop depends on ‘opening rains’; it usually begins in May, and
can continue through until late July. The winter crop harvest can begin in late October
and continue through until January in the higher rainfall areas. ®

The South Australia—Victoria Mallee region comprises 7 million hectares of land, of
which three quarters are allocated to dryland agriculture. It stretches from Penong in
South Australia to Kerang in Victoria (Figure 1).

Figure 1: South Australia—Victoria Mallee Agroecological Zone.

Source: GRDC

Crops suitable for growing in the Mallee region during the winter are triticale, cereal
rye, wheat, barley, oats, lupins, vetch, canola, field peas, chickpeas, faba beans, lentils
and safflower. ©

15 AEGIC (2016) Australian grain production—a snapshot. Australian Export Grains Innovation Centre, 22/08/2016. http://aeqgic.org.au/
australian-grain-production-a-snapshot/

16 A Greijdanus, M Kragt (2014) The Grains Industry: An overview of the Australian broad-acre cropping. University of Western Australia.
http://ageconsearch.umn.edu/bitstream/164256/2/WP1400002.pdf
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The area sown to triticale has declined substantially in recent years, with growers
favouring wheat or barley (Table 1and Figures 2—4). 7

Table 1: Triticale production estimates in South Australia compared with a 5

year average.
2010-11 2011-12 2012-13 2013-14 2014-15 5 year 2015-16

average
Ha 85,700 80,200 69200 49300 27100 62,300 21,800

Tonnes 167100 117500 95,920 86,500 44,300 102,300 32,700

Source: PIRSA
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Figure 2: Triticale production in Victoria. Grey line = five-year moving average.

Source: Ag Data

200
180 -
160
140 -
120 -
100 |-
80 -
60 |-
40 -

1950

1954 -
1958 -
1962 -
1966 -
1970 -
1974 -
1978 -
1982

1986
1990 -
1994 -
1998
2002
2006 |-
2010 -
2014
2018 L

Figure 3: Triticale production in South Australia. Grey line = five-year moving average.

Source: Ag Data

17 Victorian Winter Crop Summary (2016) Agriculture Victoria. www.agriculturevic.gov.au/__data/assets/word_doc/0004/318883/

Triticale-2016.docx
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Figure 4: Triticale production in Tasmania. Grey line = five-year moving average.

Source: Ag Data

A.3 Brief history

The first wheat/rye cross-breeding occurred in Scotland in 1875, but this crossing
was sterile; in 1888, German botanists first discovered how to produce a fertile hybrid
of the two grains. The name triticale first seems to have been used in Germany
about 1935. %®

In the 1950s, plant geneticists hoped that a cross fertilisation of wheat and rye would
produce a cereal with superior yield. The hardiness and disease resistance of rye
was combined with the milling and baking qualities of wheat.

In 1970, the first commercial variety of triticale went on sale, and triticale bread,
flour and breakfast cereals became available. Triticale was promoted as a ‘miracle
crop’ during this time, but initial interest faded when crops were inconsistent and
acceptance was slow. As such, triticale has not achieved its objectives to dominate
as a grain for food production. Today in Australia, triticale is found in a range of
grain foods.

A.31 Triticale in Australia

Triticale was introduced into Australia in the early 1970s as experimental lines for
evaluation. Breeding and selection programs were initiated at several universities
and state government departments of agriculture, and a number of varieties

were released, which were mostly spring-grain lines introduced by CIMMYT
(International Maize and Wheat Improvement Centre). Triticale was quickly taken

up as a useful crop for grain and fodder production on acid and waterlogged soils,
and for producing an economic and soil-conserving crop on lower rainfall, nutrient-
impoverished soils. Initially, triticale was mostly used on-farm or traded locally as stock
feed. It was often sought as a more easily-traded feed grain than wheat, which had

to be marketed through the Australian Wheat Board. On the other hand, as triticale
was not a well-known grain, and as the quantity available was limited, in some areas
triticale could prove difficult to sell for a good price, which tended to limit its adoption.

18  Oldways Whole Grains Council. Rye and triticale: August grains of the month. http://wholegrainscouncil.org/whole-grains-101/easy-
ways-enjoy-whole-grains/grain-month-calendar/rye-triticale-august-grains-month

19  Grain and legumes nutrition council (2016) Triticale. http://www.glnc.org.au/grains/types-of-grains/triticale/
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The first Australian cultivar was Growquick, a later-maturing line of poor-grain type,
most suitable for grazing use. By the mid-1980s, 11 grain cultivars had been released.

In the early 1980s, wheat stem rust races evolved in Queensland, and were

virulent on these cultivars. In order to reduce the likelihood of rust epidemics and
further evolution of virulent races, the rust-susceptible cultivars were no longer
recommended, and breeders sought to produce cultivars with full rust resistance.
Once this was achieved, an increasing amount of triticale was produced and

after many years of good results, users gained confidence in this grain, driving an
increasing demand for triticale and improved prices. Triticale gained popularity in the
Mallee region during the early 2000s to a point where it was treated as an economic
crop. More recently, the area of production has declined. 2°

20 KV Cooper, RS Jessop, NL Darvey ‘Triticale in Australia’ in M Mergoum, H Gomez-Macpherson (2004) Triticale improvement and
production. FAO Plan Production and Protection Paper 179. Food and Agriculture Organization of the United Nations. http://www.fao.
ora/3/a-y5553e/y5553e00.pdf
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Planning/Paddock
preparation

Key messages

- Triticale is suited to all soil types but has a significant yield advantage over wheat
and barley when grown in a number of problem-soil situations.

. Of all the cereals available to farmers, triticale has the best adaptation to
waterlogged soils and those with high pH (alkaline).

- Triticale is also tolerant of low pH (acid) soils, grows well on sodic soils, and
tolerates soils high in boron.

. Triticale can out-produce other winter cereals on lighter soils with lower fertility.
It has a more vigorous root system than wheat, barley or oats, binding light soils
and extracting more nutrients from the soil.

. Incorporate crop rotation in farming systems: triticale can provide valuable
benefits to a sequence.

. Ensure that paddocks are weed free before planting seed.

. Before planting, test soils for diseases and nematodes, and sample paddock soil
for insects.

11 Paddock selection

The choice of paddock to sow cereals is based on a range of issues. Economics,
production risk from disease or weed pressure, herbicide residues, seasonal
forecasts, stored soil water, and achieving a balance of risk with other crop types are
some of the considerations. '

111 Topography

Topographical characteristics can determine crop and pasture options. Crops and
varieties prone to lodging should be avoided in uneven paddocks. Waterlogged
conditions also reduce root growth and can predispose plants to root rots. Triticale
is less prone to waterlogging than other cereals, and can be a good option for areas
where water may sit.

The topographical variations typical of large agricultural paddocks can have

a substantial impact on dynamics of soil mineral nitrogen (N) as well as on the
performance of crops. Variations in soil organic matter, soil microbial biomass, natural
drainage, plant growth, and water and nutrient redistribution caused by topography
are the main factors controlling the dynamics of soil mineral N. Along with weather,
landscape topographic patterns accounted for most of the variations in plant
available N.

There are potential environmental and economic benefits of site-specific topography-
driven management of cover crops.. Decisions regarding where to plant crops

can vary depending on the management goals and complexity of the terrain. For
example, cover crops seem to be particularly advantageous on eroded, unfertile
slopes where legumes bring the needed N inputs, while all cover crops contribute

to erosion control and carbon (C) sequestration there. 2 For example, on a farm in
Victoria (Figure 1), the farmer manages crops and grazing based on topography and
soil characteristics. Between the rising country and the river flats is the intermediate
country, which covers 33% of the farm. This is used mainly for grazing with a carrying
capacity of 1518 dry-sheep equivalents (DSE) per hectare. Also, some 60—-70

1 Agriculture Victoria (2012) Growing wheat. Note AG0458. Agriculture Victoria, http://agriculture vic.gov.au/agriculture/grains-and-other-
crops/crop-production/growing-wheat

2 M Ladoni, AN Kravchenko, GP Robertson (2015) Topography mediates the influence of cover crops on soil nitrate levels in row crop
agricultural systems. PLOS ONE, 10 (11), DOI doi:10.1371/journal.pone.0143358.
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hectares are cropped for farm grain reserves. In the intermediate zone, Endeavour®
triticale is sown and grazed every second year in late April. 3

@ MORE INFORMATION

Dividing up the farm for flexibility and
profit

Figure 1: Production zones in a farm facing the challenges of highly variable
topography.

Source: EverGraze

11.2 Soil

Surface and subsurface soil characteristics such as soil pH, sodicity, salinity, acidity,
texture, drainage characteristics and compaction will affect variety selection.

Of all the cereals available to farmers, triticale has the best adaptation to waterlogged
soils and those of high pH (alkaline sails). Triticale is also tolerant of low pH (acid)
soils, grows well on sodic soils and tolerates soils high in boron. In nutrient-deficient
soils, triticale appears to respond better to applied fertilisers than other cereals do.
Triticale has the capacity to survive utilising trace elements in soils which would be
considered nutrient-deficient for any other type of crop. *

Triticale is suited to all soil types, but has a significant yield advantage over wheat and
barley when grown in a number of problem-soil situations including:

. Acidic soils (pH less than 4.5 CaCl,) which are high in aluminium (greater than
10% of the total cations) e.g. in southern NSW, north-eastern Vic and WA.

. Alkaline soils, e.g. in SA.
«  Waterlogged conditions. ®

National Variety Trials (NVT) experiments in South Australia on alkaline soils at
Pinaroo, Streaky Bay and Minnipa have indicated good yields compared with other

3 G Saul (n.d.) Dividing up the farm for flexibility and profit. Ever Graze, http://www.evergraze.com.au/wp-content/uploads/2014/08/
CS_Elmhurst-Greene.pdf

4 Agriculture Victoria (2012) Growing triticale. Note AG0497. Agriculture Victoria, http://agriculturevic.gov.au/agriculture/grains-and-other-
crops/crop-production/growing-triticale

5 Waratah Seed Co. (2010) Triticale: planting guide. Waratah Seed Co., http://www.porkcrc.com.au/1A-102_Triticale_Guide_Final_Fact
Sheets.pdf
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cereals, even in dry years. Farmers’ experience on dry, rocky soils in South Australia
has shown a 25% yield advantage for triticale compared with wheat. In these difficult
conditions, the variety Rufus has proved most valuable. ©

Triticale will grow on similar soils to wheat and barley, and is also adapted to soils that
are too acid for the other cereals. It is relatively boron-tolerant and is tolerant to high-
aluminium soils. On alkaline soils where other cereals are affected by manganese,
zinc or copper deficiency, triticale is less affected.

Triticale can out-produce other winter cereals on lighter, lower fertility soils. It has
more vigorous root system than wheat, barley or oats, and this allows it to bind light
soils and extract more nutrients from the soil. ”

Triticale and wheat are similar crops, but triticale represents a valuable alternative to
wheat due to its greater biomass production and grain yield in Mediterranean-type
growing conditions, such as in parts of southern Australia. ©

The impact of different soil moisture and soil compaction
on the growth of triticale root systems

The effects of different soil moisture (i.e. soil drought and waterlogging)
and soil compaction (1.33 g/cm= and 1.50 g/cm™) on the growth and
morphological traits of the root system were studied in four breeding
forms and seven cultivars of triticale. Morphological changes, including the
restriction of root extension, expansion and proliferation of laterals roots,
occur in plants grown in different soil moisture and in compacted soil.

The results demonstrated a relatively broad variation in the habit of the
triticale root system (Photo 1). Plants grown in compacted soil and in soild
with low or high water content showed a smaller number and less dry
matter of lateral branching than plants grown in control conditions. The
harmful effects of compacted soil and drought conditions on the growth

of roots was greater when compared with that of plants exposed to
waterlogging. The observed effects of all treatments were more distinct

in drought-sensitive strains. The drought-resistant forms were more
characterised by extensive rooting and by smaller alterations in the root
morphology under the stress conditions compared with drought-sensitive
ones (Photo 1). Results confirm that the breeding forms with a high drought
susceptibility (CHD-12 and CHD-173) were found to be also more sensitive
to periodic soil-water excess. A more efficient water use and a lower shoot
to root (S:R) ratio were found to be major reasons for the greater resistance
to stress of the breeding forms CHD-220 and CHD-247. The reasons for
the different response of the examined breeding forms and cultivars to
drought or waterlogging may be a more economical water balance and
more favourable relations between the shoot and root dimensions in the
drought-resistant forms and cultivars. °

6 J Roake, R Trethowan, R Jessop, M Fittler (2009) Improved triticale production through breeding and agronomy. Pork CRC, http:/www.
apri.com.au/1A-102 Final Research Report .pdf

7 Birchip Cropping Group (2004) Triticale agronomy 2004. Online Farm Trials, http://www.farmtrials.com.au/trial/13801

8 S Bassu, S Asseng, F Giunta, R Motzo (2013) Optimizing triticale sowing densities across the Mediterranean Basin. Field Crops
Research, 144, 167-178.

9 S Grzesiak, MT Grzesiak, W Filek, T Hura, J Stabryta (2002) The impact of different soil moisture and soil compaction on the growth of
triticale root system. Acta Physiologiae Plantarum, 24 (3), 331-342.
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Photo 1: Effects of compacted soil (CS), waterlogging (W) and soil drought

(D) on root growth of drought-resistant (CHD-247) and drought-sensitive
(CHD-12) triticale seedlings that are three weeks old.

Soil compaction has been found to limit triticale growth. Severe soil compaction
decreases leaf number, leaf area and dry matter of shoots and roots, while increasing
the shoot-to-root dry matter ratio. In addition, high level of soil compaction strongly
affects the length of seminal and seminal adventitious roots, and the number and
length of lateral roots developed on the seminal root. Severely compacted soil also
negatively impacts photosynthesis, gas exchange, transpiration rate and stomatal
conductance. ©

Soil pH
Key points:
«  Triticale can grow on acidic soils (pH less than 4.5 CaCl,) and alkaline soils.

. Soil pH is a measure of the concentration of hydrogen ions in the soil solution.

«  Low pH values (< 5.5) indicate acidic soils and high pH values (> 8.0) indicate
alkaline soils.

. Soil pH between 5.5 and 8 is not usually a constraint to crop or
pasture production.

. In South Australia more than 60% of agricultural soils are alkaline.
. Outside of the optimal soil pH range, microelement toxicity damages crops.

As a general rule, triticale’s are suited to all soil types, but typically have a yield
advantage over wheat and barley on light acidic soils higher in exchangeable

10 MT Grzesiak (2009) Impact of soil compaction on root architecture, leaf water status, gas exchange and growth of maize and triticale
seedlings. Plant Root, 3, 10-16.
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aluminium. In these soils, Canobolas® and Bogong® would be the two preferred
varieties. "

Hydrogen ion concentration in the soil, called pH, and is influenced by chemical
reactions between soil components and water (Figure 2). Soil pH is affected by the
varied combinations of positively charged ions (sodium, potassium, magnesium,
calcium, aluminium, manganese and iron) and negatively charged ions (sulfate,
chloride, bicarbonate and carbonate). Soil pH directly affects the concentration of
major nutrients and the forms of microelements available for plant uptake, and can
result in deficiencies or toxicities.

=
ACIDIC NEUTRAL 3 HIGHLY ALKALINE
;. . Ideal pH | Nutrient deficiencies,
oo nORS forplant  toities (0%, O3, WO
i ki rowth & sodicity

APPLY LIME CONSIDER TOLERANT SPECIES

Figure 2: Classification of soils on the basis of pH, showing the implications for
plant growth and some management options.

Source: Soilquality.org

What influences location of acidic and alkaline soils in Southern Australia

Acid soils occur in areas of southern Australia with high rainfall where basic ions
(sodium, potassium, magnesium and calcium) have been removed by leaching.
Nitrate leaching also contributes to significant soil acidification under high rainfall.
Very frequent legume cropping can reduce pH in non-calcareous soils. Soils high in
sulfur may become very acidic due to the dominance of certain chemical (oxidation-
reduction) reactions.

Alkaline soils are found in arid and semi-arid regions because little leaching and high
evaporation causes ions to concentrate in the sail.

Measurement of soil pH

Soil sampling and the measurement of pH helps to determine the practices
necessary to manage land with low or high pH 2. Sampling strategies need to
take into account the variation across a paddock and down the soil profile (see
section below).

Soil pH can be measured by a simple device called an ion electrode, which is
inserted into a mixture of one part soil to five parts water. Scientists dealing with acid
soils with pH less than 5 prefer to measure soil pH using soil in calcium chloride
solution. This is not suitable for soils with a pH greater than 5 because some of the
ions in these soils (mainly bicarbonate and carbonate) become bound to the calcium
and are removed from solution, which then causes an inaccurate pH reading. Soils
with pH greater than 5 should be measured in water.

il Viterra (2010) Bogong and Canobolas triticale SA, Vic, NSW. Factsheet. Viterra, http://www.hartbrosseeds.com.au/f.ashx/Bogong-
Canobolas-Factsheet.pdf

12 Soilquality.org (2011) Soil pH - SA. Soilquality.org, http:/www.soilguality.org.au/factsheets/soil-ph-south-austral
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Managing soil pH
Acid soils

Acid soils can be managed economically by the addition of agricultural lime, usually
crushed limestone. Sufficient lime should be added to raise the pH to above 5.5. The
amount required to ameliorate acid soils will vary, mainly depending on the quality of
the lime, the soil type and how acidic the soil is.

Soils prone to becoming acidic will need liming every few years. Seek advice on an
appropriate regime from your local agricultural advisor. ™

Alkaline soils

In South Australia more than 60% of agricultural soils are alkaline. Treating alkaline
soils by the addition of acidifying agents is not generally a feasible option due to the
large buffering capacity of soils and uneconomic amounts of acidifying agent (e.g.
sulfuric acid, elemental sulfur or pyrites) required.

Gypsum will reduce sodicity, and this can reduce alkaline pH to some extent. Growing
legumes in crop rotation may help in sustaining pH reduction.

In high pH soils, using alkalinity tolerant species and varieties of crops and pasture
can reduce the impact.

11.3 Sampling soil quality

Key points:

- The approach taken will be defined by the purpose of the investigation,
variability in the area sampled, and the analysis and accuracy required.

. For many soil quality parameters, sampling is typically done to 10 cm, although
30 cm is required for carbon accounting purposes; stratification below 10 cm is
recommended (e.g. 10-20, 20-30 cm).

- The sampling strategy should either integrate or describe the variation within the
sampling area.

. Samples should be air-dried or kept below 4°C prior to analysis. For biological
measurements, it is best to analyse as soon as possible.

Before deciding how to sample the soil, be clear about the purpose of your sampling.
Different sampling approaches may be required depending on what you are
sampling for, the soil type, the management unit (e.g. paddock), soil spatial variability
(changes in soil type, dunes—swales, etc.), the accuracy required of the result, and
the value placed on the information provided (Photo 2). Before starting, define very
clearly the question you are asking of your soil samples. Consult a professional

soil scientist, agronomist or your analytical laboratory to be sure that your soil
samples are taken at the right time, from the right depth, in the right place and in

the appropriate number, and are stored in such way that the required analysis is not
compromised. If quantitative soil analyses (kg/ha) are required, soil bulk density must
also be measured, and this requires considerable care. *

13 Soilquality.org. Soil pH: South Australia. Soilquaity,org, http://www.soilquality.org.au/factsheets/soil-ph-south-austral

14 M Unkovich. Soil sampling for soil quality—South Australia. Soil Quality Pty Ltd, http://www.soilguality.org.au/factsheets/soil-sampling-
for-soil-quality-south-australia
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Photo 2: To be meaningful, soil sampling needs to take into account spatial
variation in soil condition. Differences in soil type, nutrient status and other soil
properties may be exhibited within a paddock.

Source: Soil Quality Pty Ltd).

Sampling strategy

Soil properties and fertility often vary considerably, even over short distances,
necessitating a sampling strategy that either integrates this variation by creating a
composite sample (sampling across) or describes it by including replicate samples
(sampling within). Describing the variation requires a defined sampling within each
different soil patch and analysing replicate samples separately. Such an approach
might be required where there are consistent zones within a field such as under
controlled-traffic systems, perennial row or tree crops, or raised bed systems. More
often, the variation within the field is integrated into a single sample by creating a
composite. Examples of these are illustrated in Figure 3.

Figure 3: Sampling strategies used to create a composite sample that integrates
variation across different soil types (A & B), and a strategy to describe variation by
sampling zones and analysing samples separately (C). Panel A: haphazard samples
strategically located to approximate the relative representation of different soil
types. Panel B: samples taken along transects intersecting different soil types. Panel
C: equal numbers of samples from each zone.

Source: Soil Quality Pty Ltd

Sampling equipment

Manual sampling is often used where sampling is only required to 10 cm and

bulk density is not required. Small pogo-type samplers enable quick sampling for
qualitative determinations such as nutrient concentrations or disease presence. To
avoid contamination, ensure that your sampling equipment is cleaned before starting.
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For greater depths, mechanical (hydraulic) samplers are usually required for most soil
types. If using these for soil carbon sampling, take care not to contaminate samples
with lubricating oil.

Sampling depth

Sampling for soil fertility or biological activity assessment is typically done to 10

cm depth because this is where most of the organic matter and nutrient cycling
occurs. However, for mobile nutrients such as nitrate or K, deeper sampling may be
required on sandier soils. Sampling to the rooting depth of a crop of interest might be
useful for analysis of these nutrients or when studying water availability; otherwise,

it is generally too onerous. When assessing soil carbon stocks for accounting or
budgeting purposes, a sampling depth of 30 cm is required to conform to standard
accounting procedures. When sampling below 10 cm, soil samples are usually
stratified by depth increments (e.g. 10, 20, 30 cm), depending on the objectives.
When characterising a soil for the first time, sampling corresponding to the different
soil-layer depths (horizons) is often useful. Plant litter on the soil surface is not usually
included in soil samples, whereas plant root material is usually included, although
generally sieved out prior to analysis.

Sample handling

Samples can be stored in polyethylene bags but should generally be dried or kept
cool prior to analysis. Air-drying (<40°C) is usually sufficient and storage <4°C usually
arrests most biological activity. Dried samples can be broken up if clods are present,
and any stones removed. If the amount of material collected is too great to manage
and ship, it can be reduced in size by careful quartering, ensuring no discrimination
against particular particle sizes. Samples are typically put through a 2-mm sieve prior
to analysis. ®

11.4 Biological inputs

Key points:

-« When evaluating a biological input for grain production, it may be useful to
consider whether the input will alleviate yield constraints.

- The major yield constraints in the Southern Region are high soil density, sodicity
and acidity.

- The biological inputs with the most potential to help alleviate these yield
constraints are manure, compost, vermicompost, biochar and some
bio-stimulants.

Yield constraints in the Southern Region

The Southern Region has soils with generally low fertility and many have subsoil
constraints such as high soil density, salinity, sodicity, acidity and toxic levels of some
elements. However, due to the diversity of soils in this region, some areas have very
productive soils. Crop-production systems in the region are varied and they include
many mixed-farming enterprises that have significant livestock and cropping activities.

Yield potential in the region depends on seasonal rainfall, especially in autumn and
spring, with less dependence on stored soil moisture than in the Northern Region.

11.5 Paddock selection for forage cereals

Selecting a paddock for forage cereal production will depend on how the forage
will be used on the dairy farm. If it is to provide additional grazing, choose a well-
drained paddock that can resist pugging damage from dairy cows. A paddock that
has higher fertility and is well drained should be chosen to provide maximum dry-
matter production.

15 M Unkovich. Soilquality.org. Soil sampling for soil quality—South Australia. Fact Sheet, Soil Quality Pty Ltd, http://www.soilquality.org.au/
factsheets/soil-sampling-for-soil-guality-south-australia

16 J Carson. Soilquality.org. Biological inputs—Southern grain-growing region. Fact Sheet, Soil Quality Pty Ltd, http://www.soilguality.org.
au/factsheets/biological-inputs-southern-grain-growing-region
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It is best to select a paddock that has a low level of pasture grasses to avoid the

risk of cereal-disease transmission. Annual pasture grasses can be hosts for such
diseases as take-all, Rhizoctonia root rot, Fusarium blight and Pythium root rot. In
traditional cereal-growing areas, pasture grasses can be removed from the paddock
in the year prior to cereal establishment by using herbicides to ‘winter clean’ the
pasture or by green manuring to prepare the seedbed. However, in dryland dairying
areas, a summer forage crop (e.g. brassica, maize, sorghum, millet) or spring sown
‘hunter and herb’ mix will help to reduce grasses.

Tough grasses such as bent grass, couches and kikuyu must be controlled before the
autumn sowing of cereals. These grasses will compete with the cereal for nutrients
and moisture, both in autumn at establishment and in the following spring. ™

11.6 Weed burden and herbicide history

A high weed burden will influence the likelihood of cropping success. The species
present or likely to occur based on previous years should influence the choice of
crop variety to ensure that effective in-crop control measures are available.

Strategic and integrated weed management over a rotation can greatly increase the
likelihood of being able to control weeds across all crops. For example, a grower
planting paddocks to wheat in the first year of a rotation should have a vigilant
strategy for the control and prevention of seedset of key broadleaf weeds prior to a
rotation to canola or legume crops.

The use of pre-emergent herbicides should be considered, as well as cultural control
methods such as species choice and row width.

Part of the management of herbicide resistance includes the rotation of herbicide
groups. Therefore, consider the history of herbicide use in each paddock. Herbicide
residues (e.g. sulfonylurea, triazines) may be a problem in some paddocks.
Remember that plant-back periods begin after significant rainfall occurs.

For more information, see Section 6: Weed Control.

11.7 Fallow moisture and management

Paddocks that have been well managed during fallow periods significantly lower
the risk of poor crop and financial performance. A growing crop has two sources

of water: the water stored in the soil during the fallow, and rainfall while the crop

is growing. Growers have some control over the stored soil water, so it should be
measured before planting. Long-range forecasts and tools such as the Southern
Oscillation Index (SOI) indicate the likelihood of the season being wet or dry, and are
a useful adjunct in deciding what to plant. Timely weed control can reduce moisture
and nutrition loss, prevent an increase in the seedbank, and decrease the risk of
disease being carried over. Absence (or restriction) of grazing maintains soil friability
and groundcover. Prolonged grazing periods may create crop emergence problems
through induced surface compaction. ®

1.2 Paddock rotation and history

Paddock choice can determine the amount of disease, weed and nutrient pressure
on the crop. Increasing interest in crop sequencing is providing more financial and
agronomic data to help growers to choose crops and paddocks each year. Crop
rotation is a key strategy for managing Australian farming systems, and improvements
in legume and oilseed varieties and their management have facilitated this shift.
Leading growers and advisers advocate sustainable crop sequences as a valuable
strategy for southern farming systems. Many growers are sacrificing cereal yield and
protein by not adopting current research findings on the use of the best sequences.

17 Agriculture Victoria (2008) Establishing forage cereals. Note AG1269. Agriculture Victoria, http://agriculturevic.gov.au/agriculture/dairy/
pastures-management/forage-cereals/establishing-forage-cereals

18 N Border, K Hertel, P Barker (2007) Paddock selection after drought. NSW Department of Primary Industries, http://www.dpi.nsw.gov.au/
content/agriculture/emergency/drought/drought-publication-archive/paddock-selection-after-drought
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In many of Australia’s grain-growing regions, broadleaf crop options have been seen
as riskier and less profitable than cereals. This perception has been driven, in part,
by fluctuating prices and input costs associated with the broadleaf crop in the year
of production, and difficulties in marketing. However, when the profitability of the
entire rotation is assessed, it is often more profitable to include broadleaf crops in
the sequence. ®

1.241 Triticale as a rotation crop

Besides its use as a feed grain, triticale can be used as a forage crop for ruminants
and as a cover crop.

When added to a rotation, triticale may increase yields of other crops in the
rotation, reduce costs, improve rgw distribution of labour and equipment use,
provide better cash flow, and reduce weather risk. Additionally, the production of
triticale may provide environmental benefits such as erosion control and improved
nutrient cycling. %

Triticale yields more than its wheat and rye ancestors in two types of marginal
conditions: in highlands where acid soils, phosphorus deficiency and foliar diseases
are dominant; and in the arid and semi-arid zones where drought affects crop
production. #'

Traits observed that suggest higher yields in triticale than in wheat include greater
early vigour, a longer phase of spike formation with same duration to flowering,
reduced tillering, increased remobilisation of carbohydrates to the grain, early
vigorous root growth, and higher transpiration-use efficiency. 2

Trials in the UK suggest that triticale gives a greater yield advantage than wheat when
it is in the second cereal position in a rotation. The researchers suggest that the
greater yield of triticale was due to its greater resistance to take-all. 2 However, there
are some disadvantages to growing triticale (Table 1).

19  GRDC (20M) Choosing rotation crops: short-term profits, long-term payback. Factsheet. GRDC, http://www.grdc.com.au/™/
media/9219D55FFB4241DC9856D6B4C2D60569.pdf

20 LR Gibson, C Nance, DL Karlen (2005) Nitrogen management of winter triticale. lowa University, http:/farms.aq.iastate.edu/sites/default/
files/NitrogenManagement.pdf

21 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http://www.fao.ora/3/a-y5553e/y5553e00.pdf

22 S Bassu, S Asseng, F Giunta, R Motzo (2013) Optimizing triticale sowing densities across the Mediterranean Basin. Field Crops
Research, 144, 167-178.

23 S Clarke, S Roques, R Weightman, D Kindred (2016). Understanding triticale, AHDB Cereals and Oilseeds, https://cereals.ahdb.org.uk/
media/897536/pr556-understanding-triticale.pdf
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Table 1: Advantages and disadvantages of triticale.

Advantages

Triticale is a hardy, relatively low input cereal
crop with good disease resistance, particularly
to rusts. It is as high a quality feed grain as
wheat.

It is a tall crop bred for strong straw strength
which can be useful in rocky paddocks or
circumstances where crops have been known
to lodge.

Triticale is more durable than wheat when
grazed; which means it will remain healthier,
and stand up to weeds, diseases and cold
weather better than wheat.

Many growers use triticale as a disease break
in their rotations and value the benefits of
triticale for its contribution to soil conservation.
It assists in maintaining soil health helping

to reduce nematodes such as Pratylenchus
neglectus and P. thornei (root lesion
nematodes) and Heterodera avenae (cereal
cyst nematode), and a number of fungi and
bacteria. It is also resistant to Barley yellow

dwarf virus, mildew and rusts, which may cause

significant yield reductions in wheat, barley
and oats. The extensive root system of triticale
binds sandy soils, and the fibrous stubble
reduces wind and water erosion. ?* Roots of
triticale in nematode-infested soil have been
found to contain fewer nematodes than other
cereals. Triticale is thus a useful rotational
crop for areas infested with the root lesion
nematode. ?°

Benefits of cereals as a rotation crop

Disadvantages

It is prone shattering. There is a
spot about a quarter to a third of
the way down from the tip on the
rachis that is very weak. 26

Stripe rust may be a problem in
triticale (although there are now
options to treat seed to provide
seedling protection against stripe
rust).

Triticale grain is softer than wheat
and barley grain. Soft grain

is more prone to attack from
weevils and other grain-storage
insects. %/

It can be difficult to find a market
for triticale.

Cereals present the opportunity to utilise residual N effectively. They also offer good
options for broadleaf control, and also do not host many pulse crop and oilseed
diseases. A major benefit of winter cereal crops is the high levels of groundcover
they provide, helping the grower manage soil loss in following fallows and some

subsequent pulse crops.

Disadvantages of cereals as a rotation crop

Growing cereals in continuous production is no longer a common practice because

of the rising incidence of:

. Difficult-to-control and herbicide-resistant weeds, particularly grass weeds.

. Disease build-up, e.g. crown rot, tan (yellow) spot, nematodes.

. Nitrogen (N) depletion and declining soil fertility.

24 KV Cooper, RS Jessop, NL Darvey (2004) Triticale in Australia. In M Mergoum, H Gémez-Macpherson (eds), Triticale improvement and
production. FAO Plant Production and Protection Paper No. 179. Food and Agriculture Organisation, ftp:/ftp.fac.org/docrep/fac/009/

y5553e/y5553e02.pdf

25 V Vanstone, M Farsi, T Rathjen, K Cooper (1996) Resistance of triticale to root lesion nematode in South Australia. In Triticale: Today and

Tomorrow Springer Netherlands, pp. 557-560.

26 N Herdrich. Triticale for eastern Washington dryland area. Alternative crops. Washington State University, http://pnw-ag.wsu.edu/

AgHorizons/crops/csr2nol.htm

27  Agriculture Victoria (2012) Growing triticale. Note AG0497. Agriculture Victoria, http://agriculturevic.gov.au/agriculture/grains-and-other-

crops/crop-production/growing-triticale
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1.2.2 Break cropping

Farmers use their soil intensively. There are pressures to grow more crop, in volume
or value, to maintain profits. However, it is still important to grow cover crops. Cover
(or break) crops include grasses such as triticale and oats, and legumes such as
cowpeas and vetch. They may be ploughed in as ‘green manure’ crops, or they may
be mulched, slashed or sprayed (‘brown-manured’) then sown into.

For more information, see Section 2: Pre-planting.

Although cover crops do not normally produce income, they are important because
they protect the soil and give other benefits (Table 2). Bare soil is easily damaged, so
it is best to protect it by maintaining plant cover. 28

The main crops used for cover cropping, such as oats, triticale, brown (or Indian)

mustard (B. juncea) and forage rape, host nematodes and many of them enable rapid
multiplication of nematodes. Much of the practice being adopted on-farm in Australia
involves the use of crops that can provide green-manure benefits, but in most cases,

rotation.

Benefits of Crop Rotation
: : i g

%GRDC

these crops host and multiply nematodes, and there is little information about their

impacts on other soilborne fungi. 2°

Table 2: Advantages and disadvantages of including cover crops in

growing rotations.

Advantages of cover cropping

Protecting the soil: much less soil erosion
and less surface crusting

Maintaining fertility: by maintaining organic
matter levels in the soil, and adding N (if a
legume)

Weed control: a healthy cover crop keeps a
paddock free of weeds

Disease control: by providing a break crop
that helps to reduce disease, nematode

and, perhaps, pest levels. For vegetable
production, grasses rather than legumes tend
to have most benefit

Biological tillage: less cultivation needed
because cover crops loosen the soil

Improved paddock access: in areas of
medium—high rainfall, cover crops can dry
out a soil profile and promote timely farm
operations

Source: NSW DPI

Disadvantages of cover cropping

Loss of land for cash crops: if
an issue, do not grow the cover
crops to maturity and grow only
occasionally

Cost of seed and sowing:
unavoidable but small. Costs
usually associated with growing
(e.g. watering) are generally
avoidable

Can become a weed: usually not a
problem in vegetable production

Bulky crops: can temporarily tie-up
N and perhaps increase disease
and have other effects. Trash can
also get in the way

28 A Senn (2007) Protect your land—use cover crops. NSW Department of Primary Industries, http:/archive.dpi.nsw.gov.au/content/

agriculture/horticulture/protect

29 Good Fruit and Vegetables (2014) Cover cropping practices multiplying nematodes. AgTrader.com.au, http:/www.
gdoodfruitandvegetables.com.au/story/3554224/cover-crop-practices-multiplying-nematodes/
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1.2.3 Long-fallow disorder

Soils naturally contain beneficial fungi that help the crop to access nutrients such as
phosphorus (P) and zinc (Zn) by forming structural associations with the crop root,
known as arbuscular mycorrhizae (AM). Many different species of fungi can have this
association with the roots of crops, and many of these form structures called vesicles
in the roots. The severe reduction or lack of AM shows up as long-fallow disorder—
the failure of crops to thrive despite adequate moisture. Ongoing drought in the
1990s and 2000s has highlighted long-fallow disorder, where AM fungi have died
out through lack of host plant roots during long fallow periods. As cropping programs
restart after dry years, a yield drop is likely because of reduced levels of AM fungi
and hence reduced development of AM, making it difficult for the crop to access
nutrients. Long-fallow disorder is usually typified by poor crop growth. Plants appear
to remain in their seedling stages for weeks and development is very slow.

Benefits of AM formation are:

. improved uptake of P and Zn

. improved crop growth

. improved N, fixation

. greater drought tolerance

. improved soil structure

. greater disease tolerance.

In general, the benefits of AM are greater at lower soil P levels because AM increase

a plant’s ability to access this nutrient. Crops species vary in their dependency on AM
for growth (Table 3). 3°

Table 3: The dependency of various crop species on mycorrhizae, with values
decreasing as the phosphorus level in the soil increases.

Mycorrhiza Potential yield loss Crop

dependency without mycorrhiza (%)

Very high Greater than 90 Linseed

High 60-80 Sunflower, mungbeans, pigeon
peas, maize, chickpeas

Medium 40-60 Sudan, sorghum, soybeans

Low 10-30 Wheat, barley, triticale

Very low 0-10 Panicum, canary

Nil 0 Canola, lupins

Source: DAF Qld

1.3 Fallow weed control

Paddocks with well-managed fallow periods significantly lower the risk of poor crop
and financial performance. The best form of weed control is rotation. If spraying, the
ideal time for control is when weeds are small (Photo 3).

When sowing dual-purpose varieties early, choose a paddock with low weed
numbers and control weeds before the first grazing. Strategic grazing can be used
to help manage weeds. Always check grazing withholding periods before you apply
post-emergent herbicides when planning to graze the crop. *

30 DAF Qld (2010) Nutrition: VAM and long fallow disorder. Department of Agriculture and Fisheries Queensland, https://www.daf.gld.gov.
au/plants/field-crops-and-pastures/broadacre-field-crops/nutrition-management/nutrition-vam

31 Waratah Seed Co. (2010) Triticale: planting guide. Waratah Seed Co., http://www.porkcrc.com.au/1A-102_Triticale_Guide_Final_Fact_
Sheets.pdf
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Photo 3: Spraying weeds when small is the key to effective long fallow.

Source: AGRONOMO

Paddocks generally have multiple weed species present at the same time, making
weed-control decisions more difficult and often involving a compromise after
assessment of the prevalence of key weed species. Knowledge of the paddock’s
characteristics and history, and early control of weeds, is important for good control
(Photo 4). Information is provided below for the most common problem weeds;
however, for advice on individual paddocks contact your local agronomist.

Benefits of fallow weed control are significant:

. Conservation of summer rain and fallow moisture (this can include moisture
stored from last winter or the summer in a long fallow) is integral to winter
cropping, particularly in low-rainfall cropping areas and in regions where the
climate moves towards summer-dominant rainfall.

. Modelling studies show that the highest return on investment in summer weed
control is for lighter soils or in situations where soil water that would support
continued weed growth is present. 32

Summer fallow weed control and residue management
impacts on winter crop yield through soil water and N
accumulation in a winter-dominant low rainfall region of
southern Australia.

The majority of rain used by winter grain crops in the Mallee region

of Victoria falls during the cooler months of the year (April-October).
However, rain falling during the summer fallow period (November—March)

and stored as soil moisture contributes to grain yield. Strategies to better
capture and store summer fallow rain include:

1. retention of crop residues on the soil surface to improve water
infiltration and to minimise evaporation; and

2. chemical or mechanical control of summer fallow weeds to reduce
transpiration and available nutrient uptake.

GRDC SOUTHERN

32 GRDC (2012) Summer fallow—make summer weed control a priority. GRDC Fact Sheet January 2012, https://grdc.com.au/”/
media/91deacef2dd843f6bbfofab09bfe0d65.pdf
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Despite the widespread adoption of no-till farming systems in the

region, few published studies have considered the benefits of residue
management during the summer fallow relative to weed control, and fewer
quantify the impacts of summer fallow weeds or identify the mechanisms
by which they influence subsequent crop yield. Over 3 years (2009-11),
identical experiments on adjacent sand and clay soil types at Hopetoun
in the southern Mallee were conducted to quantify the effects of residue
management (standing, removed, or slashed) and summer fallow weed
control (chemical control) compared with cultivation on accumulation of
soil water and N and subsequent crop yield. The presence of residue
(2.4-5.8 t/ha) had no effect on soil-water accumulation and a small
negative effect on grain yield on the clay soil in 2011. Controlling summer
weeds (Heliotropium europaeum (heliotrope) and volunteer crop species)
increased soil-water accumulation (mean 45 mm) and mineral N (mean 45
kg/ha) before sowing on both soil types in two years of the experiment
with significant amounts of summer fallow rain (2010 and 2011). Control of
summer weeds increased grain yield of canola by 0.6 t/ha in 2010 and

of wheat by 1.4 t/ha in 2011. Using the data from these experiments to
parameterise the APSIM model, simulation of selected treatments with
historical climate data (1958—2011) showed that an extra 40 mm of stored
soil water resulted in an average additional 0.4 t/ha yield, most of which
was achieved in dry growing seasons. An additional 40 kg N/ha increased
yield in wetter growing seasons only (mean 0.4 t/ha on both soil types).

The combination of extra water and N that was found experimentally to
result from control of summer fallow weeds increased subsequent crop
yield in all season types (mean 0.7 t/ha on sand, 0.9 t/ha on clay). The
co-limitation of yield by water and N in the Mallee environment means
that yield increases due to summer weed control (and thus returns on
investment) are very reliable. %

1.31 The green bridge

The green bridge provides a between-season host for insects and diseases
(particularly rusts), which pose a threat to subsequent crops and can be expensive to
control later in the season (Photo 4) 3.

33 JR Hunt, C Browne, TM McBeath, K Verburg, S Craig, AM Whitbread (2013) Summer fallow weed control and residue management
impacts on winter crop yield though soil water and N accumulation in a winter-dominant, low rainfall region of southern Australia. Crop
& Pasture Science 64, 922-934, http://www.publish.csiro.au/CP/CP13237

34 DAFWA (2016) Control of green bridge for pest and disease management. DAFWA, https://www.agricwa.gov.au/grains/control-green-
bridge-pest-and-disease-management
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GRDC factsheet, The essential crop
management tool: green bridge
control is integral to pest and disease

management

Summer fallow weed management:
A reference manual for grain growers
and advisers in the southern and
western grains regions of Australia

WATCH: GCTV5: Managing summer
fallow

Photo 4: Broad-leafed weeds and grasses form a green bridge in paddock.

Source: DAFWA

Key points for control of the green bridge:

. An outright kill of the weeds and volunteers is the only certain way to stop them
from hosting diseases and insects.

. Diseases and insects can quickly spread from the green bridge, jeopardising
crops and current control methods, including the effectiveness of chemicals and
genetic breeding for resistance.

WATCH: Over the Fence south: . Effective control of pest and disease risks requires neighbours to work together
to eradicate weeds and crop volunteers simultaneously.

Summer weed control saves moisture
for winter crops

«  Weed growth during summer and autumn depletes soil moisture and nutrients
that would otherwise be available to following crops and can have an
allelopathic effect. ®

1.3.2 Management strategies

How farming country is managed in the months or years before sowing can be

more important in lifting water-use efficiency (WUE) than in-crop management is. Of
particularly high impact are strategies that increase soil capture and storage of fallow
rainfall to improve crop reliability and yield.

Practices such as controlled-traffic farming and long term no-till seek to change soil
structure to improve infiltration rates and thereby increase plants’ access to stored
water. This occurs when compaction zones are removed.

Shorter-term management decisions can have an equal or even greater impact on
how much plant-available water (PAW) is stored at sowing. These include decisions
such as crop sequence and rotation that dictate the length of the fallow and amount
of stubble cover, how effectively fallow weeds are managed, stubble management,
and decisions about whether to till at critical times.

Although many factors influence how much PAW is stored in a fallow period, good
weed management consistently has the greatest impact. 3¢

35 GRDC (2009) The essential crop management tool: green bridge control is integral to pest and disease management. Factsheet,
GRDC, http://www.grdc.com.au/uploads/documents/GRDC_GreenBridge FS_6pp.pdf

36 GRDC (2014).Summer fallow weed management. GRDC, https://grdc.com.au/Resources/Publications/2014/05/Summer-fallow-weed-
management
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1.3.3 Stubble retention

Key points:

. Triticale stubble is coarser than either wheat or barley stubble. 3

. Retaining stubble has several advantages for soil fertility and productivity.
«  Retaining stubble can decrease erosion and increase soil-water content.

- The benefits of stubble retention are enhanced by reduced tillage and
leguminous crop rotations.

Historically, stubble has been burnt in southern Australia because doing so results
in easier passage for seeding equipment, enhances seedling establishment, and
improves the control of some soil-borne diseases and herbicide-resistant weeds.
However, the practice of burning stubble has recently declined due to concerns
about soil erosion, loss of soil organic matter, and air pollution. Stubble retention has
several advantages for soil fertility and productivity (see Photo 5).

Photo 5: Triticale sown into stubble.

Source: T Kaspar in MCCC
Summer rainfall and warmer conditions promote the decomposition of stubble.

Reducing erosion risk

One of the main benefits of stubble retention is reduced soil erosion. Retaining
stubble decreases erosion by lowering wind speed at the soil surface and by
decreasing run-off. At least 50% ground cover is required to reduce erosion; this
is generally considered to be achieved by 1t/ha of cereal stubble, 2 t/ha of lupin
stubble or 3 t/ha of canola stubble. A study at Wagga Wagga, NSW, demonstrated
that stubble retention reduced soil losses by almost two-thirds compared to burnt
paddocks. It also increased infiltration of rainfall.

Increasing soil water content

A major advantage of retaining stubble is that it increases soil-water content by
decreasing run-off and increasing infiltration (Figure 4). The actual benefits realised
depend on the timing and intensity of rainfall as well as the quantity and orientation
of the stubble. Rains in late summer—early autumn have more chance of improving
the germination and establishment of the next crop. In addition, increased infiltration
of water over summer can result in greater nitrogen mineralisation and availability for
the subsequent crop.

37 Birchip Cropping Group (2004) Triticale agronomy 2004. Online Farm Trials, http://www.farmtrials.com.au/trial/13801

PLANNING/PADDOCK PREPARATION 17


http://mccc.msu.edu/species/grasses/
http://www.farmtrials.com.au/trial/13801
mailto:GrowNotes.South%40grdc.com.au?subject=

GRDC

GROWNOTES

Developments in stubble retention

in cropping systems in southern
Australia

WATCH: GCTV4: Managing stubble

§AQGRDC’

SOUTHERN

JANUARY 2018

63%

Il runoff
stored soil water
evaporation

Figure 4: Retained stubble leads to more stored soil water, mostly due to a
reduction in runoff.

Source: Felton et al. 1987

Increasing soil carbon

Retaining stubble increases the input of carbon to soil. Stubble is approximately

45% carbon by weight and represents a significant input of carbon to soil. However,

it can take decades for the practice of retaining stubble to increase the amount of
soil organic carbon. In cropping trials with ley pasture rotations at Wagga Wagga,
researchers showed that after 10 years, stubble retention generated 2 t’/ha more

soil organic carbon than burnt-stubble plots to a depth of 10 cm in a red chromosol.
After 25 years the inclusion of a clover pasture in the rotation in the same trial had

a greater effect on soil organic carbon increases, even with tillage, compared to
stubble retention. Retaining stubble may only increase soil carbon where it is coupled
with cultivation, but not with direct drilling.

The carbon to nitrogen ratio (C:N) of residues is an important factor in determining the
contribution they will make to carbon sequestration, as the ratio governs how quickly
residues decompose. Pulse residues (C:N 20:1 to 41:1) decompose faster than wheat
residues (C:N 45:1to 178:1). Faster decomposition may improve nutrient availability for
the following crop, but reduce the sequestration of carbon from residues into soil.

Other benefits of stubble retention

Retaining stubbles returns nutrients to the soil, the amounts depend on the quality
and quantity of stubble. Wheaten stubble from a high-yielding crop may return up to
25 kg of available nitrogen per hectare. The addition of organic matter with retained
stubbles supports sail life, and can improve soil structure, infiltration and water-
holding capacity. These benefits are greater when integrated with no-till practices. %

Management practices affecting stubble cover

Stubble burning, grazing and cultivation are the main management practices that
reduce stubble cover. A single-tillage operation using a chisel plough, for example,
can reduce stubble coverage by 30—40 % (Table 4) *°. It is recommended that stubble
cover be maintained as long as possible in the fallow, and that planting and fertilising
machinery be adapted to minimise disturbance. Where cultivation is required in

order to control herbicide resistant weeds, this should be carried out as a one-off
operation. 4°

38 Carson J, Flower K. Benefits of retaining stubble: NSW. Soilquality.org, http://www.soilguality.org.au/factsheets/benefits-of-retaining-
stubble-nsw

39 DEEDI (2011) Measuring and managing stubble cover: photostandards for cereals. Department of Employment, Economic Development
and Innovation, https://www.grainsbmp.com.au/images/documents/Stubble cover final.pdf

40  Soilquality.org. Benefits of retaining stubble: Queensland. Soilquality.org, http://www.soilguality.org.au/factsheets/benefits-of-retaining-
stubble-in-ald
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Table 4: Estimated reduction in wheat or barley stubble cover from different
tillage operations.
Implement Residue buried by each tillage operation (%)
WATCH: GCTV15: Stubble height— Fresh stubble Old (brittle) stubble
partTand part 2 Disc plough 60-80 80-90
Chisel plough ~ 30-40 40-60
Blade plough 20-30 30-50
Boomspray Negligible Negligible
Source: DEEDI

For more information on weed control, see Section 6: Weed control.

1.4 Fallow chemical plant-back effects

Plant-back periods are the obligatory times between the herbicide spraying date and
safe planting date of the next crop.

aN ; Some herbicides have a long residual. The residual is not the same as the half-life.
Stubble Height Pt.2 Although the amount of chemical in the soil may break down rapidly to half the
original amount, what remains can persist for long periods (e.g. sulfonylureas such
as chlorsulfuron). This is shown in the Table 5 where known. ' Herbicides with long
residuals can affect subsequent crops, especially if they are effective at low levels
of active ingredient, as the sulfonylureas are. Labels display the plant-back periods,
which are usually listed under a separate plant-back heading or under a heading
such as ‘Protection of crops’ in the general instructions section. 2

WATCH: Southern farm groups cutting
through stubble issues

Part of the management of herbicide resistance includes rotating herbicide groups.
GRDC th Paddock history should be considered. Herbicide residues (e.g. sulfonyl urea,
ern - ) A
‘stubb. fiative' tr|az‘|nes) may be a probler?3 in some paddocks. Remember that plant-back periods
WO\ ..ohop begin after rainfall occurs.

Table 5: Residual persistence of common pre-emergent herbicides.

Herbicide Half-life (days) Residual persistence and prolonged weed
) |
WATCH: Over the Fence south: Jim contro
Cronin Logran® 19 High. Persists longer in high pH soils. Weed
I (triasulfuron) control commonly drops off within 6 weeks
Glean® 28-42 High. Persists longer in high pH soils. Weed
(chlorsulfuron) control longer than Logran.
Diuron 90 (range 1 High. Weed control will drop off within

month to 1year, 6 weeks, depending on rate. Has been

dependingon  observed to have long-lasting activity on

rate) grass weeds such as black grass or stink
grass (Eragrostis spp.) and to a lesser extent
broadleaf weeds such as fleabane.

o Atrazine 60-100, upto 1 High. Has been observed to have long-lasting
WATCH: Stubble and soil binding of year if dry (>3 months) activity on broadleaf weeds such
pre-emergent herbicides for annual as fleabane.
ryegrass control in winter crops Simazine 60 (range Med-high. In high pH soils, 1 year. Has been
28-149) observed to have long-lasting (>3 months)

activity on broadleaf weeds such as fleabane.

Wakearres 81 e S8ire o & a3 G westhly mestrrvir o0 wvwsd ralatd Bafries

Underutandivg 1hubbie B sl binding of pre-emargent herbieides
vEed for ryegrazesantral in winter crops

41 B Haskins (2012) Using pre-emergent herbicides in conservation farming systems. NSW Department of Primary Industries, http//www.
dpinsw.gov.au/__data/assets/pdf file/0003/431247/Using-pre-emergent-herbicides-in-conservation-farming-systems.pdf

42 B Haskins (2012) Using pre-emergent herbicides in conservation farming systems. NSW Department of Primary Industries, http://www.
dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-emergent-herbicides-in-conservation-farming-systems.pdf

43 B Haskins (2012) Using pre-emergent herbicides in conservation farming systems. NSW Department of Primary Industries, http://www.
dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-emergent-herbicides-in-conservation-farming-systems.pdf

PLANNING/PADDOCK PREPARATION 19


http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-emergent-herbicides-in-conservation-farming-systems.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-emergent-herbicides-in-conservation-farming-systems.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-emergent-herbicides-in-conservation-farming-systems.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-emergent-herbicides-in-conservation-farming-systems.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-emergent-herbicides-in-conservation-farming-systems.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-emergent-herbicides-in-conservation-farming-systems.pdf
https://youtu.be/XDTSbGcZxpM
https://youtu.be/SgICa7vm1C0
https://youtu.be/XDTSbGcZxpM
https://youtu.be/SgICa7vm1C0
https://youtu.be/pyC91wE-DBI
https://youtu.be/pyC91wE-DBI
https://youtu.be/pyC91wE-DBI
https://youtu.be/1tHdsEGn1Hk
https://youtu.be/1tHdsEGn1Hk
https://youtu.be/1tHdsEGn1Hk
https://youtu.be/mrJvg5Zmd0U
https://youtu.be/mrJvg5Zmd0U
https://youtu.be/mrJvg5Zmd0U
https://youtu.be/mrJvg5Zmd0U
https://youtu.be/XDTSbGcZxpM
https://youtu.be/SgICa7vm1C0
https://youtu.be/pyC91wE-DBI
https://youtu.be/1tHdsEGn1Hk
https://youtu.be/mrJvg5Zmd0U
mailto:GrowNotes.South%40grdc.com.au?subject=

GRDC

GROWNOTES

%GRDC

Herbicide

Terbyne®
(terbulthylazine)

Triflur® X
(trifluralin)

Stomp®
(pendimethalin)

Avadex® Xtra
(triallate)

Balance®
(isoxaflutole)

Boxer Gold®
(prosulfocarb)

Sakura®
(pyroxasulfone)

Half-life (days)

6.5-139

57-126

40

56-77

1.3 (metabolite

1.5)

12—-49

10-35
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Residual persistence and prolonged weed
control

High. Has been observed to have long-lasting
(>6 months) activity on broadleaf weeds such
as fleabane and sow thistle.

High. With lower rate, 6—8 months; higher
rates longer. Has been observed to have
long-lasting activity on grass weeds such as
black or stink grass (Eragrostis spp.)

Medium, 3—4 months
Medium, 3—4 months

High. Reactivates after each rainfall. Has been
observed to have long-lasting (>6 months)
activity on broadleaf weeds such as fleabane
and sow thistle.

Medium. Typically quicker to break down than
trifluralin, but tends to reactivate after each
rainfall.

High. Typically quicker breakdown than
trifluralin and Boxer Gold; however, weed
control persists longer than Boxer Gold.

Note that residual persistence is from broad-acre trials and paddock experiences.

Conditions required for breakdown

Most of the herbicide residues will be found in the topsoil. Warm, moist soils

are required to break down most herbicides through the processes of microbial
activity. For the soil microbes to be most active they need good moisture and an
soil temperature range of 18—-30°C. Temperatures above or below this range can
adversely affect soil microbial activity, and slow herbicide breakdown. Soil type and

pH also have an influence on the rate at which chemicals degrade. Very dry soil also
reduces the rate of breakdown. To make matters worse, when the soil profile is very
dry, a lot of rain is required to rebuild then maintain topsoil moisture for the microbes
to be active for any length of time.

In those areas that do not experience conditions which will allow breakdown of
residues until just prior to sowing, it is best to avoid planting a crop that is sensitive
to the residues potentially present in the paddock, and opt for a crop that will not
be affected.

If dry areas do get rain and the temperatures become milder, then they are likely to
need substantial rain (more than is stated on the label requirement) to wet the subsoil,
in order for the topsoil to remain moist for a week or more and allow the microbes to
be active in the topsoil. *

Plant-back periods for fallowing herbicides

Herbicide plant-back restrictions should be taken into account when spraying fallow
weeds prior to sowing winter crops. Many herbicide labels place time and/or rainfall
restrictions on sowing certain crops and pastures after application, so as to avoid
potential seedling damage. Crops such as canola, pulses and legume pastures are
the most sensitive to herbicide residues, but cereal crops can also be affected.

When treating fallow weeds, especially in late summer or autumn, consideration must
be given to the planned crop or pasture for the coming year. In some cases, next
year’s crop or pasture may an influence the grower’s herbicide choice this season.

44 Dow AgroSciences. Rotational crop plant-back intervals for southern Australia. Dow AgroSciences, http:/msdssearch.dow.com/
PublishedLiteratureDAS/dh_0931/0901b80380931d5a.pdf?filepath=au&fromPage=GetDoc
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The following points are especially relevant:
. Phenoxy herbicides such as 2,4D Ester, 2,4D Amine and Dicamba, require 15 mm
of rainfall to commence the plant-back period when applied to dry soil.
. Group B herbicides such as Ally®, Logran® and Glean®, break down more slowly
as soil pH increases. Recently applied lime can increase the soil surface pH to a
point where the plant-back period is significantly extended.
. Lontrel®, Grazon® and Tordon® products break down very slowly under cold or
dry conditions, and this can significantly extend the plant-back period.
Keeping accurate records of all herbicide treatments and planning crop sequences
well in advance can reduce the chance of crop damage resulting from the presence
of herbicide residues (Table 6). *°
Table 6: Indicative plant-back intervals for a selection of fallow herbicides.
Product Rate Wheat Barley Oats Canola Legume Pulse
pasture crops
2,4-D 680* 0-510 mL/ha 1day 1day 1day 14 days 7 days 7 days
510-1150 mL/ha 3 days 3 days 3 days 21 days 7 days 14 days
1150-1,590 mL/ha 7 days 7 days 7 days 28 days 10 days 21 days
Amicide® Advance 700" 0-500 mL/ha 1days 1days 1 days 14 days 7 days 7 days
500-980 m/ha 3 days 3 days 3 days 21 days 7 days 14 days
980-1500 mL/ha 7 days 7 days 7 days 28 days 10 days 21days
Kamba* 200 mL/ha 1 1 1 7 7 7
280 mL/ha 7 7 7 10 14 14
560 mL/ha 14 14 14 14 21 21

Hammer® 400 EC

No residual effects

Nail® 240 EC No residual effects

Goal® No residual effects

Striker® No residual effects

Sharpen® 26 g/ha - - - 16 weeks  — -

Lontrel™ 300 mL/ha 1week 1week 1week 1week 36 weeks 36 weeks
Garlon™ 600 Various 1week 1 week NS NS NS NS

Ally®** Various 2 weeks 6 weeks 36 weeks 36 weeks 36 weeks 36 weeks
Logran®# Various - - - 12 months 12 months 12 months
Glean®** Various - 9 months 6 months 12 months 12 months 12 months
Grazon™ Extra, Grazon™ DS Rates up to 500 mL/ha 9 months 9 months NS 9 months 24 months 24 months
Tordon™ 75-D, Tordon™ 242 Various 2 months 2 months NS 4 months 9 months 6 months
FallowBoss Tordon™ Up to 700 mL/ha 9 months 9 months NS 12 months 20 months 20 months

For triticale, plant-back periods for wheat or barley are a reference point.
*15 mm rainfall required to commence plant-back period;

** period may extend where soil pH is >7;

#, assumes 300 mm rainfall between chemical application and sowing;
NS, not specified.

Source: RMS Agricultural Consultants

45 RMS Agricultural Consultants (2016) Plant-back periods for fallow herbicides in southern NSW. RMS, http:/www.rmsag.com.au/2016/
plant-back-periods-for-fallow-herbicides-in-southern-nsw/
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1.41 Herbicide residues in soil: an Australia-wide study

The move to conservation tillage and herbicide-tolerant crop cultivars means that,
more than ever before, many farmers rely on herbicides for weed control. Despite the
provision of plant-back guidelines on herbicide product labels, site-specific factors
such as low rainfall, constrained soil microbial activity and unfavourable pH may
cause herbicides to persist in the soil beyond usual expectations. Because of the
high cost of herbicide residue analysis, information about herbicide residue levels in
Australian grain cropping soils is scarce.

In addition, little is known about how herbicides affect soil biological processes
and what this means for crop production. This is especially the case for repeated
applications over multiple cropping seasons. In Australia, herbicides undergo

a rigorous assessment by the Australian Pesticides and Veterinary Medicines
Association (APMVA) before they can be registered for use in agriculture. However,
relatively little attention is given to the soil biology on the farm—partly because

we are only now beginning to grasp its complexity and importance to sustainable
agriculture. Although a few tests such as earthworm toxicity tests and effects on sail
respiration are mandatory, ,functional services provided by soil organisms such as
organic matter turnover, nitrogen cycling, phosphorus solubilisation and disease
suppression are usually overlooked.

GRDC has co-funded a five-year project (DANOO180) to better understand the impact
of greater herbicide use on the most important soil biological processes; the project
will conclude in 2018. The national project, coordinated by the NSW Department of
Primary Industries, and with partners in Western Australia, South Australia, Victoria
and Queensland, is focussed on the effect of at least six classes of herbicides on the
biology and function of five key soil types across all three grain-growing regions. 4

There are already some results from the project. A field survey of herbicide residues
in 40 cropping soils—15 in SA, 12 in WA, and 13 in NSW—Queensland—prior to

sowing and pre-emergent herbicide application was conducted in 2015 (Table 7).

The researchers are most interested in the effects of the herbicides that were most
frequently detected. Recommendations are given to minimise potential impacts of
herbicide residues on productivity and soil sustainability. We also provide detail plans
for future research and the development of management tools for growers to monitor
and predict herbicide persistence in soils.

The average and maximum estimated loads of glyphosate, trifluralin, diflufenican
and diuron were all substantially higher in paddocks in WA compared with those

in SA, NSW and Queensland. This probably reflects the lighter soil types, lower
level of organic matter, dry summers and cool winters, which contribute to lower
microbial activity and constrain herbicide breakdown. The higher load of atrazine

in SA paddocks is probably a consequence of the higher persistence of s-triazine
herbicides in alkaline soils; and the higher values for 2,4-D in the NSW—-Queensland
soil profiles was due to a high value in a single paddock which had recently

been sprayed.

Notably, in a number of paddocks (especially in WA but also in other states),
they found a higher load of glyphosate than was applied in the previous spray,
demonstrating a degree of accumulation of glyphosate and its metabolite
AMPA over time.

46 GRDC (n.d.) DANOO180: Does increased herbicide use impact on key biological processes?, GRDC, http://projects.grdc.com.au/
projects.php?action=view_project&project _id=2416
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Table 7: Residue loads (average and maximum) of herbicide active ingredients (a.i.)
in the 0—30 cm soil profile of paddocks, by region.

Herbicide Estimated average load across Estimated maximum load
all sites (kg a.i./ha)* detected (kg a.i./ha)*
NSW-QIid SA WA NSW-QIid SA WA
AMPA 0.91 0.95 0.92 1.92 1.97 2.21
Glyphosate 0.56 0.48 0.79 2.05 1.05 175
Trifluralin 0.08 on 0.53 014 0.26 1.34
Diflufenican 0.01 0.03 0.04 0.02 0.05 0.09
Diuron 014 0.05 017 016 0.05 0.29
2,4-D 0.20 0.02 0.01 1.00 0.05 0.02
MCPA 0 0 0 0 0 0
Atrazine 0.02 0.03 0.02 0.03 0.05 0.02
Simazine 0 0.04 0 0 0.05 0
Fluroxypyr 0.03 0 0 0.03 0 0
Dicamba 0 0 0 0 0 0
Triclopyr 0 0.04 0.01 0 0.07 0.01
Chlorsulfuron 0 0 0 0 0 0
Sulfometuron- 0 0 0 0 0 0
methyl
Metsulfuron- 0 0 0 0 0 0
methyl
Triasulfuron 0 0 0 0 0 0

* Calculated by multiplying mass concentration (mg/kg) detected by area and average bulk density (derived from Soilquality.org) for each
soil layer

Source: GRDC

Glyphosate, trifluralin and diflufenican are routinely applied in grain cropping systems,
and their residues, plus the glyphosate-metabolite AMPA, are frequently detected at
agronomically significant levels at the commencement of the winter cropping season.

The risk to soil biological processes was generally considered minor when herbicides
are used at label rates and given sufficient time to dissipate before re-application.
However, given the frequency of glyphosate application, and the persistence of
trifluralin and diflufenican, further research is needed to define critical thresholds

for these chemicals to avoid potential negative impacts to soil function and crop
production. ¥

For more information on herbicide residues, see Section 6: Weed control.

1.5 Seedbed requirements

Seedbed preparation for triticale is very similar to that for wheat. As with all cereals,
triticale should be planted into a firm seedbed near moisture. “ A good seedbed is
free of weeds, diseases and insects. To aid erosion control, use implements that will
preserve previous crop residue. Substitution of herbicides for cultivation and seeding
without pre-seeding tillage (minimum to no-tillage) are other practical considerations.
Under conditions of dry or firm soil, seeding should be done with implements that
minimise soil disturbance, such as air drills with disc or narrow openers together with
press-wheels, to prevent soil drying.

47 M Rose, L Van Zwieten, P Zhang, D Nguyen, C Scanlan, T Rose, G McGrath, T Vancov, T Cavagnaro, N Seymour, S Kimber, A Jenkins, A
Claassens, | Kennedy | (2016) Herbicide residues in soils—are they an issue? GRDC Update Paper, February 2016, https://ardc.com.au/
Research-and-Development/GRDC-Update-Papers/2016/02/Herbicide-residues-in-soils-are-they-an-issue

48 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http://www.fao.ora/3/a-y5553e/y5553e00.pdf
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When shallow seeding, the previous crop’s residue will have a greater tendency to
interfere with good seed—soil contact. Even spreading of this residue is essential for
quick emergence. Ensure that seed—soil contact occurs. When seeding on summer
fallow, extra care is needed to obtain a firm seedbed to facilitate shallow seed
placement into moist soil and to prevent soil erosion by wind.

Cereals can be conventionally sown or direct-drilled into a weed-free seedbed from
March to mid-June.

If irrigating, pre-irrigation is favoured over ‘irrigating up’ after sowing, because seeds
can swell and burst. Sowing should be as soon after pre-irrigation as soil conditions
allow. For a pre-irrigation on 1 April, this delay may range from one week on light soils
to three—four weeks on some heavy clay soils.

Subsequent irrigations should be at cumulative evaporation minus rainfall (E — R) of
75 mm on grey soils and 50 mm on red soils.

Pre-irrigation completed by 1 April is a safe option in most years. Later irrigations can
cause problems by making the ground too wet for both sowing and grazing. If not
pre-irrigated, then the crop should be sown following sufficient rainfall to wet the soil
to 100 mm depth. #°

Several approaches can be used to achieve a good seedbed preparation. The
deciding factor in choosing an approach is how the various techniques manage
harvest residues.

The seedbed lays the foundations for crop establishment. However, different
techniques can be used to create a seedbed (refer to Figure 5):

1. Conventional technique: ploughing in of straw, cultivation to sowing depth with a
tyne/disc cultivator, conventional drilling, fertiliser spreading

2. Mouldboard ploughing + seed-drilling: ploughing-in of straw, shallow cultivation,
drilling where seed and fertiliser are placed in the soil simultaneously

3. Minimal tillage: tillage of straw by cultivator, seed drilling where seed and
fertiliser are placed simultaneously in the soil—straw layer

4. Shallow tillage: shallow burial of straw at the surface, seed-drilling where seed
and fertiliser are placed simultaneously in the soil-straw layer.

5. Direct drilling: seed-drilling where seed and fertiliser are placed simultaneously
without prior soil tillage; straw remains on the surface.

The technique used depends on many different factors, e.g. harvest residues,
equipment available, soil type, climate, labour requirement.

1 2 3 4 5

Figure 5: Different seedbed preparation techniques give different results.

Source: Vaderstad

Ploughing warms the soil and buries plant residues so that they do not obstruct
sowing. However, ploughing also disrupts the soil structure and increases oxidation of

49  Agriculture Victoria (2105) Managing winter cereals. State Government of Victoria EDJDR, http:/agriculture.vic.gov.au/agriculture/dairy/
pastures-management/irrigated-pastures/managing-winter-cereals
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organic material. Without ploughing, organic material and soil structure are retained,
but the straw can cause problems with sowing and can transmit diseases. °°

1.51 Structural decline of seedbed soil

Key points:

. Hard-setting or crusting soils usually have poor structure.

- A‘massive’ soil has significantly reduced pore space, resulting in poor infiltration
and low water-holding capacity.

- Bulk density is a good indicator of soil structure.

. Increasing organic matter and decreasing traffic and stock can improve
soil structure.

. Gypsum can help in alleviating problems with hard-setting or crusting.

Background

Structural decline of surface soil generally results in one of two things: hard-setting
or crusting (Photo 6). 5" A surface crust is typically less than 10 mm thick and when dry
can normally be lifted off the loose soil below. Crusting forces the seedling to exert
more energy to break through to the surface, thus weakening it. A surface crust can
also form a barrier reducing water infiltration.

Soil structure breakdown caused by rapid wetting can lead to hard-setting. Once wet,
the unstable soil structure collapses, and shrinks as it dries. This leads to a ‘massive’
soil layer, with few or no cracks and greatly reduced pore spaces. This hard-set,
massive structure is associated with poor infiltration, low water-holding capacity and a
high soil strength. In many instances, this causes patchy establishment and poor crop
and pasture growth.

Photo 6: Soil crusting (left) and cloddy seedbed (right) associated with high
concentrations of exchangeable sodium.

Source: Soilquality.org

Management to improve seedbed soil structure

To decrease the level of crusting or hard-setting in soils, it is necessary to stabilise
soil structure. For example, amelioration of a hard-setting grey clay was found to be
most effective when using management practices that increased soil organic matter
and reduced traffic, to improve the soil structure. Removing or reducing stock when
the soil is saturated also helps avoid compaction, smearing and pugging of the

soil surface. Another option for stabilising soil structure in dispersive soils prone to
hard-setting or crusting is through the addition of gypsum. This effectively displaces
sodium and causes clay particles to bind together, helping to create stable sail

50 Véderstad (2015) Seedbed preparation. Vaderstad AB, http://www.aderstad.com/knowhow/seed-beds/seedbed-creation

51 Soilquality.org.. Soilquality, http://www.soilguality.org.au/factsheets/seedbed-soil-structure-decline-queensland
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aggregates. A resulting reduction in the Exchangeable Sodium Percentage (ESP)
and increase in the calcium:magnesium ratio may be observed. The addition of
lime also adds calcium to the soil, but this technique is generally only used for soils
with a low pH. 52

1.5.2 Tillage

Tilling mixes and buries soil amendments and crop residues, eliminates existing
vegetation, reduces pest populations, promotes mineralisation of soil organic matter,
and creates a seedbed that facilitates mechanical planting and seed-to-soil contact.

The use of minimum soil disturbance has advantages for the production of triticale.
One study noted a slight yield advantage for triticale grown under zero tillage.

Research shows that one-time tillage with a chisel or offset disc in long-term, no-
tillage system helped to control winter weeds, and slightly improved grain yields
and profitability, while retaining many of the soil quality benefits of no-till farming
systems (Photo 7). °* Although tillage reduced soil moisture at most sites, this did not
adversely affect productivity. This could be due to good rainfall received after tilling
and before seeding that year. The occurrence of rain between tilling and sowing

or immediately after sowing is necessary to replenish soil water lost from the seed
zone. This suggests the importance of the timing of tillage and of considering the
seasonal forecast. Future research will determine the best timing for strategic tillage
in no-till systems (Photo 8). °° Note that these results are from one season, and so
are inconclusive. As research continues, and captures the effects of variances in
seasonal conditions, more conclusive results will emerge.

‘ ;l 4 i ~ I - .|. #Ih\'._
Photo 7: The impact of tilling varies with the implement used: inversion tillage using

a mouldboard plough, as pictured here, results in greater impacts than using a
chisel or disc plough.

Source: GRDC

52 Soilquality.org. Seedbed soil structure decline. www.soilquality.org.au/factsheets/seedbed-soil-structure-decline

53 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http://www.fao.ora/3/a-y5553e/y5553e00.pdf

54 GRDC (2014) Strategic tillage. Factsheet. GRDC, https://grdc.com.au/Resources/Factsheets/2014/07/Strategic-tillage

55 Y Dang, V Rincon-Florez, C Ng, S Argent, M Bell, R Dalal, P Moody, P Schenk (2013) Tillage impact in long term no-till. GRDC Update

Paper .February 2013. GRDC, https://ardc.com.au/Research-and-Development/GRDC-Update-Papers/2013/02/Tillage-impact-in-long-
term-no-till
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WATCH: GCTV11: Strategic tillage—
does no-till mean never till?

Photo 8: Strategic tillage can control herbicide-resistant weeds and those that
continue to shed seed throughout the year. Here it has been used for control of
barnyard grass in fallow.

Source: GRDC

WATCH: Over the Fence south:

Andrew Simpson On the downside, tillage can also result in more soil erosion and surface-water
eutrophication. During the past decades, much progress has been made in reducing
tillage. No-tillage crop production has increased 2.5-fold from about 45 million ha
worldwide in 1999 to 111 million ha in 2009. The no-till trend has also come hand-in-
hand with the increased use of herbicides to suppress weeds. ¢

In general, pre-plant tilling to prepare the seedbed, control weeds, and disrupt insect
and disease life cycles improves crop establishment. However, no-till seeding is now
the preferred method of crop establishment across the southern region and is highly
suitable to the establishment of triticale across all soil types.

Tillage, microbial biomass and soil biological fertility

In the mid-1990s, no-tillage farmers called for an experiment to test
anecdotal reports that low-disturbance tillage increased total organic
carbon (TOC) in soail.

A seven-year experiment was conducted in the central wheatbelt of
Western Australia on a property with deep sandy soil that was using a
lupin—wheat rotation. The experiment compared the effect of three tillage
types on TOC, light-fraction organic carbon (LFC), soil microorganisms and
crop vyields:

1. No-tillage—no soil disturbance other than seeding
2. Conservation tillage—a single pass before seeding with 13-cm-wide
tynes to a depth of V7.5 cm

3. Rotary tillage—a single intense cultivation before seeding to a depth of
8 cm, using a rotary hoe.

56 MR Ryan, SB Mirsky, DA Mortensen, JR Teasdale, WS Curran (2011) Potential synergistic effects of cereal rye biomass and soybean
planting density on weed suppression. Weed science, 59 (2), 238-246.
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Total organic carbon

The TOC is a measure of all carbon contained within soil organic matter.
Low levels can indicate problems with unstable soil structure, low cation
exchange capacity and nutrient turnover (see Soil Quality Fact Sheet: Total

organic carbon).

After seven years, TOC had increased by 4.4 t/ha under no-tillage and by
2.6 t/ha under conservation tillage (Figure 6), but had decreased by 0.5 t/
ha under rotary tillage.

| | |
No tillage Controlled tillage Rotary tillage

Figure 6: Change in total soil carbon content at 0—10 cm soil depth from
1998 to 2004 in crops under three tillage regimes. No-tillage and
conventional tillage treatments were not significantly different from each
other; rotary tillage was significantly different from both (at P = 0.05).

Source: Soilquality.org

Light-fraction organic carbon

The LFC consists of more recent, readily decomposable inputs of organic
matter. LFC responds more quickly to management than TOC and better
reflects changes in soil microbiology. The LFC decreased as tillage became
more intensive.

By the end of the experiment, LFC in the top 10 cm was 0.83 t/ha under
no-tillage, 0.73 t/ha under conservation tillage and 0.46 t/ha under
rotary tillage.

This may indicate that less intensively tilled soils are more biologically
active and have higher potential for nutrient turnover, and that TOC may
increase further in the future.

On the other hand, the losses with rotary tillage of both TOC and LFC
could lead to degradation of soil structure and ultimately to a decline in
productivity.

Soil microorganisms

Microbial biomass carbon is a measure of carbon in the soil
microorganisms (see Soil Quality Fact Sheet: Microbial biomass). Microbial
biomass carbon in 0—5 cm soil decreased under rotary tillage compared
with no-tillage and conservation tillage (Figure 7).
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Figure 7: Microbial biomass carbon at 0-5 cm depth of cropped soil
under three tillage regimes.

Source: Soilquality.org

Microbial biomass nitrogen was also higher under no-tillage and
conservation tillage than under rotary tillage. By the end of the experiment,
microbial biomass nitrogen under no-tillage and conservation tillage was
31% higher than under rotary tillage.

Tillage also decreased microbial activity in soil. The activity of the microbial
enzyme cellulase at 0—5 cm soil depth was higher under no-tillage and
conservation tillage than rotary tillage (Figure 8).

This indicates that less intensive cultivation may favour sustained microbial
function in soil.

40+
351
30+ Conservation tillage

25+ Rotary tillage

1 1 1 1 1 1 |
1998 1999 2000 2001 2002 2003 2004

Figure 8: Activity of the microbial enzyme cellulase at 0-5 cm depth of
cropped soil under three tillage regimes.

Source: Soilquality.org

Crop yields

Tillage practice did not affect crop yields except in one year of the trial,
2003, when lupin grain yields were higher under no-tillage (2 t/ha) and
conservation tillage (1.9 t/ha) than under rotary tillage (1.6 t/ha).

Although tillage did not affect wheat grain yield, it did affect the incidence
of Rhizoctonia bare patch (caused by Rhizoctonia solani; see Soil Quality
Fact Sheet: Rhizoctonia). Wheat plants grown under both no-tillage and
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conventional tillage were more visibly affected by Rhizoctonia bare patch
than those grown under rotary tillage.

Although overall results for no-tillage and conservation tillage were similar,

) ) -
GRDC, Strateqic tillage in no-tl they may diverge in the longer term.

systems

Organic carbon

Microbial biomass

1.6 Soil moisture
RIZEETE Triticale performs well under rain-fed conditions throughout the world and excels
when produced where there is good soil fertility and irrigation. %8 It is grown in areas
with an annual average rainfall of about 300 mm to at least 900 mm. Very little
triticale is irrigated. %°

1.61 Dryland

Water availability is a key limiting factor for cereal production in the grainbelt of
Australia. Varieties with improved adaptation to water-limited conditions are actively

WATCH: Adoption of no till SA Mallee sought, and studies have been carried out to identify the physiological basis of the
adaptive traits underpinning this advantage.

Soil-water extraction by dryland crops, annual pastures and
Adoption of No-Till lucerne in south-eastern Australia
SA Malles

The extraction of soil water by dryland crops and pastures in south-eastern
Australia was examined in 3 studies. The first was a review of 13 published
measurements of soil-water use under wheat at several locations in
southern New South Wales. Of these, eight showed that crops extracted
significantly more water when they were grown with an increased nitrogen
supply or after a break crop. The mean additional soil-water extraction in
response to extra N was 11'm, and after break crops was 31 mm.

The second study showed how good management can change crop yields
and prevent the unnecessary loss of water. Researchers used the SIMTAG
model to simulate growth and water use by wheat at Wagga Wagga. The
model was set up to simulate two typical situations: crops that produced
average district yields; and crops that might produce greater yields with
good management. When simulated over 50 years of weather data, the
combined water loss as drainage and run-off was predicted to be 67 mm/
year for poorly managed crops and 37 mm for well-managed crops. Water
outflow was concentrated in 70% of years for the poorly managed crops
and 56% for the well-managed crops. In those years the mean losses were
estimated to be 95 mm and 66 mm, respectively.

The third study reported on soil water measured twice each year during
a phased pasture—crop sequence over 6.5 years at Junee. Mean water
content of the top 2.0 m of soil under a lucerne pasture averaged 211 mm

57 M Roper, J Carson, D Murphy. Tillage, Microbial biomass and soil biological fertility. Soil Quality Pty Ltd, http://www.soilguality.org.au/
factsheets/tillage-microbial-biomass-and-soil-biological-fertility

58 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http://www.fao.ora/3/a-y5553e/y5553e00.pdf

59 KV Cooper, RS Jessop, NL Darvey (2004) Triticale in Australia. In M Mergoum, H Gémez-Macpherson (eds), Triticale improvement and
production. FAO Plant Production and Protection Paper No. 179. Food and Agriculture Organisation, ftp:/ftp.fao.ora/docrep/fac/009/
y5553e/y5553e02.pdf
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less than under a subterranean clover-based annual pasture and 101 mm
less than under well-managed crops.

Collectively, these results suggest that lucerne pastures and improved
crop management can result in greater use of rainfall than the other
farming systems, which were based on growing annual pastures, and using
fallow, and poor management techniques for growing crops. The tactical
use of lucerne-based pastures in sequence with well-managed crops

can help the dewatering of the soil and reduce or eliminate the risk of
groundwater recharge. ©°

Monitoring soil moisture in dryland areas

Grain growers are under pressure to increase production across the seasons; adding
to the complexity of this demand is the likelihood that, if the climate becomes more
variable, rainfall may decrease or its distribution change. Even now, current cropping
systems may not be maximising Water Use Efficiency, if growers are relying on
subjective assessments. Few are able to monitor the amount of water available to
the crop, and hence cannot supply the crop with the appropriate amount of inputs to
maximise yield.

One tool that helps farmers improve Water Use Efficiency is the soil-moisture
probe, but few farmers in the dryland cropping industry use it. To change that,
Victoria’s Department of Environment and Primary Industries will provide live deep-
soil-moisture data to help dryland croppers, farmers, and advisers and managers
validate the technology, as well as conducting training to interpret the data for crop
decision-making. ® Communication will include monthly broadcasts of 'The Break,
soil-moisture products; and the government will piloting new formats to expand
reach and impact.

This project will assist people in the grain sector to lift production and improve
grain quality to meet the demand of the growing Asian consumer market (via the
government’s Food to Asia plan). Increasing targeted inputs and improving crop
management will be accomplished by educating industry to understand soil

and water interactions and critical crop growth stages, as well as factoring in
seasonal forecasts.

Access to this data enables growers and advisers to:

. Measure moisture at one representative point in the paddock for a farm
in the region.

. Use live soil-moisture data that is collected from a representative site for a
particular rainfall region and soil type.

. Monitor local weather (rain, wind and temperature and humidity) and download
historical data from an archive list for farm management records.

. Increase production and efficiencies.

. Help farmers to adapt to climate variability.

. Make informed decisions such as minimising input in low-decile years with a low
soil-moisture base and maximising yield potential in more favourable conditions,
based on current soil-moisture levels and incorporating knowledge from
seasonal forecasts.

. Determine if measurements obtained through the life of the project could be
relevant at whole-farm or even district level.

60 JF Angus, RR Gault, MB Peoples, M Stapper, AF Van Herwaarden (2001) Soil water extraction by dryland crops, annual pastures, and
lucerne in south-eastern Australia. Crop and Pasture Science, 52 (2), 183-192.

61  Agriculture Victoria (2016) Soil moisture monitoring in dryland cropping areas. Agriculture Victoria, http://agriculturevic.gov.au/
agriculture/grains-and-other-crops/crop-production/soil-moisture-monitoring-in-dryland-cropping-areas
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1.6.2 Irrigation

Effective irrigation will influence the entire growth process, from seedbed preparation,
germination and root growth, through nutrient utilisation and plant growth and
regrowth, to yield and the quality of the yield.

The key to maximising irrigation efforts is uniformity. The producer has a lot of control
over how much water to supply and when to apply it, but it is the irrigation system that
determines uniformity. Deciding which irrigation systems is best for your operation
requires a knowledge of equipment, system design, plant species, growth stage, root
structure, soil composition, and land formation. Irrigation systems should encourage
plant growth while minimising salt imbalances, leaf burn, soil erosion, and water loss.
Water will be lost through evaporation, wind drift, run-off, and water (and nutrients)
sinking deep below the root zone.

Proper irrigation management takes careful consideration and vigilant observation.

Irrigation allows primary producers to:
. Grow more pastures and crops.

. Have more flexibility in their systems and operations as the ability to access
water at times when it would otherwise be hard to achieve good plant growth
(due to a deficit in soil moisture) is imperative. Producers can then achieve higher
yields and meet market and seasonal demands, especially if rainfall events
do no occur.

. Produce higher quality crops and pastures as water stress can dramatically
impact on the quality of farm produce.

. Lengthen the growing season (or start the season earlier).
. Have 'insurance' against seasonal variability and drought.

. Stock more animals per hectare and practice tighter grazing management, due
to the reliability of pasture supply throughout the season.

. Maximise benefits of fertiliser applications. Fertilisers need to be watered into the
ground in order to best facilitate plant growth.

. Use areas that would otherwise be less productive. Irrigation can allow farmers
to open up areas of their farms where it would otherwise be too dry to grow
pasture or crops. This also gives them the capability to carry more stock or to
conserve more feed.

. Take advantage of market incentives for unseasonal production.

. Be less reliant on supplementary feeding (i.e. grain, hay) in grazing operations
due to the more consistent supply and quality of pastures grown under irrigation.

. Improve the capital value of their property. Since irrigated land can potentially
support higher density crops, pasture and animal production, it is considered
more valuable. The value of the property is also related to the water licensing
agreements or water rights.

«  Save costs or obtain greater returns. These occur from the more effective use of
fertilisers and greater financial benefits as a result of more effective agricultural
productivity (both quality and quantity) and for out-of-season production. 62

Irrigation has also been found to be effective in increasing both shoot Zn content
and Zn efficiency of cereal cultivars. It has been suggested that plants become more
sensitive to Zn deficiency under rain-fed than irrigated conditions. &

The main commercial triticale varieties are relatively tall compared with newer wheat
varieties, increasing the likelihood of lodging. However, in reality, in most of the newer

62 Agriculture Victoria (2015) About irrigation. Agriculture Victoria, http://agriculture vic.gov.au/agriculture/farm-management/soil-and-
water/irrigation/about-irrigation

63 H Ekiz, SA Bagci, AS Kiral, S Eker, | Gliltekin, A Alkan, | Cakmak (1998) Effects of zinc fertilisation and irrigation on grain yield and zinc
concentration of various cereals grown in zinc-deficient calcareous soils. Journal of Plant Nutrition, 21(10), 2245-2256, https:/www.
researchgate.net/publication/249076820_Effects_of Zinc_fertilisation_and_irrigation_on_grain_vield_and_zinc_concentration_of
various_cereals_grown_in_zinc-deficient calcareous_soils
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varieties lodging is not considered a problem, although it is more the likely to occur
with high rates of nitrogen fertiliser and under irrigated conditions (Table 8). 5

Table 8: Lodging scores in NVT trials, 2008.

Variety Score
Bogong® 0/5
Jaywick® 3/5
Tahara 3/5
Tobruk® 0/5
Canobolas®® 0/5
Berkshire® 1/5

JRCT 101 0/5
Yukuri 5/5
Rufus 5/5

Note: A score of O means the variety was not prone to lodging and a score of 5 means that the variety is prone to heavy lodging.
Source: Jessop & Fittler 2009

Genetic improvement of triticale for irrigation in south-
eastern Australia

Research into winter cereal breeding in Australia has focused primarily
on studying the effects of rain-fed environments. These studies typically
show large genotype x environment (GE) interactions, and the complexity
of these interactions acts as an impediment to the efficient selection of
improved varieties. Wheat had been studied extensively; however, there
were no published studies on the GE interactions of triticale in Australia
under irrigated production systems.

To rectify this situation, researchers conducted trials on 101 triticale
genotypes at two locations over four years. All the genotypes were
subjected to intensive irrigation. The researchers measured the yield
potential, GE interactions, heritability and estimated genetic gain of yield,
lodging resistance, and several other traits important for breeding triticale.
They found that high yield potential exceeding 10 t/ha—1 existed in the
Australian germplasm tested and that, in these irrigated trials, genotype
accounted for a high proportion of the variability in all measured traits. All
genetic parameters such as heritability and estimated genetic gain were
high compared with those tested in rain-fed environments.

They concluded that breeding triticale with improved yield and lodging
resistance for irrigated environments is achievable and can be pursued
with confidence in breeding programs. ©®

64 RS Jessop, M Fittler (2009) Appendix 1. Triticale production manual: an aid to improved triticale production and utilisation. In J Roake,
R Rethowan, R Jessop, M Fittler, Improved triticale production through breeding and agronomy. Pork CRC, http://www.apri.com.
au/1A-102_Final Research Report_.pdf

65 A Milgate, B Ovenden, D Adorada, C Lisle, J Lacy, N Coombes (2015) Genetic improvement of triticale for irrigated systems in south-
eastern Australia: a study of genotype and genotypex environment interactions. Crop and Pasture Science, 66 (8), 782-792.
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The future of irrigation

Climate change is likely to lead to reductions in rainfall in south-eastern Australia.
These reductions in rainfall will be amplified such that proportional reductions in
runoff are likely to be two—four times larger. That is, a 10% rainfall reduction will

lead to a 20—40% reduction in runoff. The runoff reductions will be larger in drier
catchments, making the water supply systems with drier source catchments more
vulnerable. The experience of the Millennium Drought has shown that reductions in
runoff under persistent climate change (*0-year drought) are larger than reductions
that occur for short droughts with similar rainfall reductions in many catchments. ©

1.7 Yield and targets

Australia’s climate, and in particular our rainfall, is among the most variable on earth;
consequently, crop yields vary noticeably from season to season. In order to remain
profitable, crop producers must manage their agronomy, crop inputs, marketing and
finance to match each season’s yield potential.

The average grain yield of triticale is about 2.5 t/ha, although yields vary locally from
less than 1t/ha in lower-rainfall areas and areas with soil problems to more than 7 t/ha
in higher-rainfall areas with more fertile soils. ¢

In dry springs, triticale yields are 10-15% below wheat, due to triticale’s longer grain-
filling period. 8 However, under ideal conditions, researchers have found that triticale
can out-yield wheat and barley, and sometimes oats. ¢

Observed traits suggested for the higher yields in triticale than wheat include greater
early vigour, a longer spike-formation phase with same duration to flowering, reduced
tillering, increased remobilization of carbohydrates to the grain, early vigorous root
growth and higher transpiration use efficiency. °

The southern region has soils with generally low fertility, and many have subsoil
constraints such as salinity, sodicity and toxic levels of some elements. However, soils
in the region are diverse and some areas have very productive soils. Crop-production
systems in the region are varied and include many mixed-farming enterprises that
have significant livestock and cropping activities.

Achieving yield potential in the southern region depends on seasonal rainfall,
especially in autumn and spring There is less dependence on stored soil moisture in
the south than in the northern region.

In the southern grain-growing region, the most significant yield constraints are high
soil density, sodicity and acidity. "'

66 A Western, M Saft M, M Peel (2016): The future of irrigation—what’s in store? GRDC Update Papers https://grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2016/07/The-future-of-irrigation-whats-in-store

67 KV Cooper, RS Jessop, NL Darvey (2004) Triticale in Australia. In M Mergoum, H Gémez-Macpherson (eds), Triticale improvement and
production. FAO Plant Production and Protection Paper No. 179. Food and Agriculture Organisation, ftp/ftp fao.ora/docrep/fac/009/
y5553e/y5553e02.pdf

68  Birchip Cropping Group (2004) Triticale agronomy 2004. Online Farm Trials, http://www.farmtrials.com.au/trial/13801

69  Agriculture Victoria (2012) Growing triticale. Note AG0497. Agriculture Victoria, http://agriculturevic.gov.au/agriculture/grains-and-other-
crops/crop-production/growing-triticale

70 S Bassu, S Asseng, R Richards (2011) Yield benefits of triticale traits for wheat under current and future climates. Field Crops Research,
124 (1), 14-24.

71 Carson J. Biological inputs: Southern Australia. Soilquality.org, http://www.soilquality.org.au/factsheets/biological-inputs-southern-grain-
growing-region
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Triticale v. durum wheat: a yield comparison in
Mediterranean-type environments

The productivity of modern triticales makes them increasingly viable as
an alternative small-grain cereal crop to durum wheat in a Mediterranean
climate. Researchers compared the two species, testing a substantial
number of cultivars in 20 field experiments in Italy. Grain yield per
environment ranged from 3.4—77 t/ha-1; in 11 of the environments, the
triticales as a group out-yielded the durum wheats, while in the remaining
nine, the two species yielded equally. The superiority of triticale derived
from its combination of setting a higher number of grains per unit area
(reflecting greater ear fertility) and a similar per-unit grain weight. Triticale
is well adapted to the Mediterranean environment, provided that sowing
density is no less than 300 seeds per m?, because ear fertility contributes
more than tillering capacity to the number of grains set per m2. In the 20
environments tested, temperature and water availability in the generally
favourable pre-anthesis period assured triticale the possibility of realising
a grain yield at least comparable to that of durum wheat. At the same time
triticale out-yielded durum wheat when its flowering time fell within an
optimal window, and where the post-anthesis environment was not too
stressful. High ear fertility should be treated as an important trait in the
breeding of small grain cereals, because of its positive influence over both
yield potential and yield stability. ’

Several tools are available to help growers maximise yields.

Before planting, identify the target yield required to be profitable:

. Do a simple calculation to see how much water you need to achieve this yield.

. Know how much soil water you have (treat this water like money in the bank).

«  Think about how much risk your farm can take.

. Consider how this crop fits into your cropping plan, and consider whether the
longer-term benefits to the system outweigh any short-term losses.

Avoiding a failed crop saves money now and saves stored water for future crops. "

Estimating crop yields

Accurate, early estimation of grain yield is an important skill. Farmers require accurate
yield estimates for a number of reasons:

+  Cropinsurance purposes

. delivery estimates

. planning harvest and storage requirements

. cash-flow budgeting.

Extensive personal experience is the best asset for estimating yield at early

stages of growth. As crops near maturity, it becomes easier to estimate yield with
greater accuracy.

72 R Motzo, G, Pruneddu, A, Virdis, F Giunta (2015) Triticale vs durum wheat: A performance comparison in a Mediterranean environment.
Field Crops Research, 180, 63-71.

73 J Whish (2013) Impact of stored water on risk and sowing decisions in western NSW. GRDC Update Paper, 23 July 2013. GRDC, http://
www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Impact-of-stored-water-on-risk-and-sowing-decisions-in-

western-NSW
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Estimation methods

Many methods are available for farmers and others to estimate yield of various crops.
The method presented here is one that can be undertaken relatively quickly and
easily. Steps are as follows:

1. Select an area that is representative of the paddock. Using a measuring rod or
tape, measure out an area 1 m? and count the number of heads/pods.

2. Do this five times to get an average for the crop: no. of heads per m? (e.g. 200).

3. Countthe number of grains in at least 20 heads, and calculate the average: no.
of grains per head (e.g. 24).

4. Determine the 100-grain weight for the crop (in grams) by referring to table 1in:
Estimating crop yields—a brief guide.

5. No. of grains per m? = no. of heads per m? x no. of grains per head; e.g. 200
x 24 = 4800.

6. Yield per m?(g) = (no. of grains per m?/100) x 100-grain weight; e.g. 4800/100 x
25=1204g.

7. Yield (t/ha) = numeric value of yield per m?/100; e.g. 120/100 = 1.2 t/ha.

Accuracy of yield estimates depends upon an adequate number of counts being
taken to get a representative average of the paddock. The yield estimate determined
will be a guide only.

This type of yield estimation should be able to be used in a number of situations
on a grain-growing property. Grain losses both before and during harvest can
be significant and an allowance for 5-10% loss should be included in your final
calculations. ™

Yield Prophet®

Scientists at the Agricultural Production Systems Research Unit (APRSU) have aimed
to support farmers’ capacity to achieve yield potential by developing the Agricultural
Production Systems Simulator (APSIM). APSIM is a farming systems model that
simulates the effects of environmental variables and management decisions on crop
yield, profits and ecological outcomes.

Yield Prophet® delivers information from APSIM to farmers (and consultants) to aid
their decision-making. Yield Prophet® has enjoyed a measure of acceptance and
adoption amongst innovative farmers and has had valuable impacts in terms of
assisting farmers to manage climate variability at a paddock level.

Yield Prophet® is an online crop production model designed to present grain growers
and consultants with real-time information about their crops. This tool provides
growers with integrated production risk advice and monitoring decision-support
relevant to farm management.

Operated as a web interface for APSIM, Yield Prophet® generates crop simulations
and reports to assist decision-making. By matching crop inputs with potential yield
in a given season, Yield Prophet® subscribers may avoid over-investing or under-
investing in their crop.

The simulations provide a framework for farmers and advisers to:

. forecastyield

+ manage climate and soil water risk

. make informed decisions about N and irrigation applications

. match inputs with the yield potential of their crop

. assess the effect of changed sowing dates or varieties

. assess the possible effects of climate change.

74 Agriculture Victoria. Estimating crop yields; a brief guide. Victorian State Government EDJTR, http://agriculture.vic.gov.au/agriculture/
grains-and-other-crops/crop-production/estimating-crop-vields-a-brief-guide
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Farmers and consultants use Yield Prophet® to match crop inputs with potential

yield in a given season. This is achieved primarily by conducting scenario analyses

in which the effects of alternative management options on crop yield and potential
profitability can be assessed and applied, and can thereby influence decision-making.

How does it work?

Yield Prophet® generates crop simulations that combine the essential components of
growing a crop including:

. a soil test sampled prior to planting

. a soil classification selected from the Yield Prophet® library of 1000 sails,
chosen as representative of the production area

. historical and active climate data taken from the nearest Bureau of Meteorology
weather station

. paddock-specific rainfall data recorded by the user (optional)
. individual crop details
. fertiliser and irrigation applications during the growing season.

171 Seasonal outlook

Seasonal outlooks from the Bureau of Meteorology include:

- 3-month rainfall outlook — a description of the outlook for north, south-east and
western Australia

- 3-month rainfall outlook — maps and tables showing the chances of exceeding
the median or of getting a certain amount

. 3-month temperature outlook for north, south-east and western Australia

«  ENSO wrap-up - regular commentary on the El Nifio - Southern Oscillation

. ENSO outlooks - forecast of El Nifio and La Nifia events - a summary of the
opinion of National Climate Centre climatologists on the outputs from eight
reputable climate models

. BOM Climate Model Summary - Australian climate is influenced by temperature
patterns in the Pacific and Indian Oceans. This page provides information on
Pacific and Indian Ocean outlooks for the coming 6 months based on a survey of
international climate models. It is updated monthly.

. Northern rainfall onset prediction - The Bureau's new northern rainfall onset
outlook provides guidance on rainfall timing within the first months of the
Australian northern wet season

For Victorian growers, the Department of Environment, Land, Water and Planning has
a webpage, Monthly Water Report, that links to BOM'’s seasonal rainfall outlook.

Many researchers and developers are providing tools via mobile applications (apps)
for smartphones and tablets for ground-truthing precision agriculture data. Apps and
mobile devices are making it easier to collect and record data on the farm. The app
market for agriculture is evolving rapidly, with new apps becoming available on a
regular basis.

CliMate

Australian CliMate is a suite of climate analysis tools delivered on the web, iPhone,
iPad and iPod Touch devices. CliMate allows you to interrogate climate records to
ask questions relating to rainfall, temperature, radiation, and derived variables such
as heat sums, soil water and soil nitrate, and well as El Nifio—Southern Oscillation
status. It is designed for decision makers such as farmers whose businesses rely on
the weather.

Download from the Apple iTunes store or visit the CliMate website.

One of the CliMate tools, Season’s progress?, uses long-term (1949 to present)
weather records to assess progress of the current season (rainfall, temperature, heat
sums and radiation) compared with the average and with all years.

PLANNING/PADDOCK PREPARATION 37


http://www.bom.gov.au/climate/outlooks/#/rainfall/summary
http://www.bom.gov.au/watl/rainfall/exceedance.shtml
http://www.bom.gov.au/climate/outlooks/#/temperature/summary
http://www.bom.gov.au/climate/enso/
http://www.bom.gov.au/climate/enso/
http://www.bom.gov.au/climate/model-summary/
http://www.bom.gov.au/climate/rainfall-onset/
https://itunes.apple.com/au/app/australian-climate/id582572607?mt=8
http://www.australianclimate.net.au
http://www.yieldprophet.com.au/yp/Home.aspx
https://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/02/Managing-data-on-the-modern-farm
https://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/02/Managing-data-on-the-modern-farm
http://www.depi.vic.gov.au/water/water-resource-reporting/monthly-water-report/reports/2016/june-2016/monthly-water-report-june-2016/seasonal-climate-outlook-june-2016
http://www.bom.gov.au/climate/outlooks/#/overview/summary
http://www.bom.gov.au/climate/outlooks/#/overview/summary
http://www.climatekelpie.com.au/
mailto:GrowNotes.South%40grdc.com.au?subject=

GRDC

GROWNOTES

Climate Analogues

Bureau of Meteorology, Climate
outlooks: monthly and seasonal

Climate Kelpie

§QQGRDC’

SOUTHERN

JANUARY 2018

It explores the readily available weather data, compares the current season with
the long-term average, and graphically presents the spread of experience from
previous seasons.

Crop progress and expectations are influenced by rainfall, temperature and radiation
since planting. Season’s progress? provides an objective assessment based on long-
term records:

. How is the crop developing compared with previous seasons, based
on heat sum?

. Is there any reason why my crop is not doing as well as usual because of below-
average rainfall or radiation?

. Based on seasons progress (and starting conditions from HowWet/N?), should |
adjust inputs?

For inputs, Season’s progress? asks for the weather variable to be explored (rainfall,
average daily temperature, radiation, heat sum with base temperatures of O, 5, 10, 15
and 20°C), a start month and a duration.

As outputs, text and two graphical presentations are used to show the current season
in the context of the average and all years. Departures from the average are shown in
a fire-risk chart as the departure from the average in units of standard deviation. 7®

Climate Analogues

Climate Change in Australia provides projections for Australia’s natural resource
management regions. Its Climate analogues tool matches the proposed future climate
of a location of interest with the current climate experienced in another location by
using annual average rainfall and maximum temperature.

For example, based on plausible assumptions about changes in temperature and
rainfall, the future climate of Melbourne will be like the current climate of a location
identified by this tool.

This approach was used to generate the analogue cases presented as examples in
each of eight Cluster Reports. These reports are intended to provide regional detail
for planners and decision makers. The results should capture sites of broadly similar
annual maximum temperature and water balance. 7

1.7.2 Fallow moisture

For a growing crop there are two sources of water: the water stored in the soil during
the previous fallow, and the rainfall that occurs while the crop is growing. As a farmer,
you have some control over the stored soil water: you can measure how much you
have before planting the crop. Even though Long-range forecasts and tools such

as the SOI cannot guarantee that rain will fall when you need it, they are useful for
indicating the likelihood of the season being wet or dry. 77

HowWet/N?

HowWet? is a program developed by APSRU that uses records from a nearby
weather station to estimate how much plant-available water has accumulated in
the soil and the amount of organic N that has been converted to available nitrate
during a fallow.

HowWet? tracks soil moisture, evaporation, runoff and drainage on a daily time-

step. Accumulation of available N in the soil is calculated based on surface soil
moisture, temperature and soil organic carbon. HowWet? provides a comparison with
previous seasons.

75 Australian CliMate—Climate tools for decision makers. Managing Climate Variability R & D Program, http://www.australianclimate.net.au

76  Climate Change in Australia. Climate analogues. Australian Department of the Environment, Bureau of Meteorology, http:/www.
climatechangeinaustralia.gov.au/en/climate-projections/climate-analogues/analogues-explorer/

77 J Whish (2013) Impact of stored water on risk and sowing decisions in western NSW. GRDC Update Paper, 23 July 2013. GRDC, http://
www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Impact-of-stored-water-on-risk-and-sowing-decisions-in-

western-NSW
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This information aids the decision about what crop to plant and how much N fertiliser
to apply. Many grain growers are in regions where stored soil water and nitrate at
planting are important in crop-management decisions.

Questions this tool answers:

«  How much longer should | fallow? If the soil is near full, maybe the fallow can
be shortened.

. Given the soil type on my farm and local rainfall to date, what is the relative soil
moisture and nitrate-N accumulation over the fallow period compared with most
years? Relative changes are more reliable than absolute values.

«  Based on estimates of soil water and nitrate-N accumulation over the fallow, what
adjustments are needed to the N supply?

Inputs:

. a selected soil type and weather station.

. an estimate of soil cover and starting soil moisture.

. rainfall data input by the user for the stand-alone version of HowOften?

Outputs:

. a graph showing plant-available soil water for the current year and for all other
years, and a table summarising the recent fallow water balance

. a graph showing nitrate accumulation for the current year and all other years.
Reliability

HowWet? uses standard water-balance algorithms from HowlLeaky? and a simplified
nitrate mineralisation based on the original version of HowWet? Further calibration is
needed before accepting with confidence absolute value estimates.

Soil descriptions are based on generic soil types with standard organic C:N ratios,
and as such should be regarded as indicative only and best used as a measure of
relative water accumulation and nitrate mineralisation. 7

1.7.3 Water Use Efficiency

Water Use Efficiency (WUE) is the measure of a cropping system'’s capacity to convert
water into plant biomass or grain. It includes the use of water stored in the soil and
rainfall during the growing season. It relies on:

«  The soil’s ability to capture and store water.

- The crop’s ability to access water stored in the soil and rainfall during the season.
. The crop’s ability to convert water into biomass.

«  The crop’s ability to convert biomass into grain.

Triticale is thought to use water more efficiently than oats and rye do. ”®

One study showed that triticale had similar Water Use Efficiency and resulting yield to
wheat under varying soil moisture conditions. &

Researchers in southern Australia found that the total water use of triticale was less
than that of wheat and rye, particularly at the higher rates of N. WUE of triticale was
also higher at all levels of N, and increased with increasing N application, whereas
the WUE in wheat and rye didn't increase after 50 kg N/ha. #

78 Australian CliMate—How Wet/N. Managing Climate Variability R & D Program, http://www.australianclimate.net.au/About/HowWetN

79 Mergoum, M., Pleiffer, W. H., Pena, R. J., Ammar, K., and Rajaram, S. (2004). Triticale crop improvement: the CIMMYT programme. In
M. Mergoum and H. GomezMacpherson (Eds.), Triticale improvement and production (Vol. 179, pp. 11-26). Rome: Food and Agriculture
Organization.

80 PK Aggarwal, AK Singh, GS Chaturvedi, SK Sinha (1986) Performance of wheat and triticale cultivars in a variable soil—water
environment Il. Evapotranspiration, Water Use Efficiency, harvest index and grain yield. Field Crops Research, 13, 301-315.

81  JB Golding (1989). Restricted tillering in triticale cv. currency-an impediment to grain yield? Fifth Australian Agronomy Conference,
http://www.regional.org.au/au/asa/1989/contributed/crop/p1-20.htm
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One study in a Mediterranean climate attributed high Water Use Efficiency and yield
to triticale’s stomatal conductance. &2

Triticale grain yield and physiological response to water
stress

Water availability in semi-arid regions is becoming increasingly threatened
by erratic rains and frequent droughts leading to over-reliance on irrigation
to meet food demand. Improving crop Water Use Efficiency (WUE) has
become a priority. To understand how triticale responds to water stress,
researchers carried out a two-year study in which they subjected triticale
to four moisture levels, ranging from well-watered (430—450 mm) to
severe stress (220-250 mm). They worked with four commercial triticale
genotypes and grew them under field conditions in a hot, arid, steppe
climate in South Africa. The results showed that moisture level significantly
influenced grain yield and intrinsic WUE in triticale. Well-watered conditions
increased grain yield, which ranged from 3.5 to 0.8 t/ha—1in 2013, and 4.9—
1.8 t ha—1in 2014. Intrinsic WUE increased with decreasing moisture level.
Flag-leaf photosynthesis and pre-anthesis assimilates contribute much less
carbon to grain filling under water stress than previously thought. 8

Water Use Efficiency can be considered at several levels:

. Fallow efficiency, the efficiency with which rainfall during a fallow period is stored
for use by the following crop.

. Crop WUE, the efficiency with which an individual crop converts water transpired
(or used) to grain.

. Systems WUE, the efficiency with which rainfall is converted to grain over
multiple crops and fallows.

Ways to increase yield

In environments where yield is limited by water availability, there are four ways of
increasing yield:

. Increase the amount of water available to a crop (e.g. good summer weed
control, stubble retention, long fallow, sowing early to increase rooting depth).

. Increase the proportion of water that is transpired by crops rather than lost to
evaporation or weeds (e.g. early sowing, early N, vigorous crops and varieties,
narrow row spacing, high plant densities, stubble retention, good weed
management).

. Increase the efficiency with which crops exchange water for carbon dioxide to
grow dry matter, i.e. transpiration efficiency (e.g. early sowing, good nutrition,
varieties with high transpiration efficiency).

. Increase the total proportion of dry matter that is grain, i.e. improve the harvest

index (e.g. early-flowering varieties, delayed N, wider row spacing, low plant
densities, minimising losses to disease, varieties with high harvest index). &

82 R Motzo, G Pruneddu, F Giunta (2013) The role of stomatal conductance for water and radiation use efficiency of durum wheat and
triticale in a Mediterranean environment. European Journal of Agronomy, 44, 87-97.

83 L Munjonji, KK Ayisi, B Vandewalle, G Haesaert, P Boeckx (2016) Combining carbon-13 and oxygen-18 to unravel triticale grain yield and
physiological response to water stress. Field Crops Research, 195, 36-49.

84  JB Passioura, JF Angus (2010) Improving productivity of crops in water-limited environments. Chapter 2 in DL Sparks (ed.) Advances in
Agronomy, Vol. 106. Academic Press. pp. 37-75, http://www.sciencedirect.com/science/article/pii/S0065211310060025
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The French—Schultz approach

In southern Australia, the French—Schultz model is widely used to provide growers
with a benchmark of potential crop yield based on available soil moisture and likely
in-crop rainfall.

In this model, potential crop yield is estimated as:

Potential yield (kg/ha) = WUE (kg/ha/mm) x (crop water supply (mm) — estimate of soil
evaporation (mm))

In the equation, crop water supply is an estimate of water available to the crop, i.e.
soil water at planting plus in-crop rainfall minus soil water remaining at harvest.

We use a target WUE of 18 kg/ha/mm for wheat. From our benchmarking in
2014 of 149 wheat paddocks, 11% achieved this target, and 46% achieved
13—17 kg/ha/mm.

A practical WUE equation for farmers to use developed by James Hunt
(CSIRO) is: WUE = (yield x 1000)/available rainfall, where available rainfall =
(25% Nov.—March rainfall) + (growing season rainfall) — 60 mm evaporation.

N

Agronomist’s view

The French—Schultz model has been useful in providing growers with performance
benchmarks. Where yields fall well below these benchmarks, it may indicate a
problem with the crop’s agronomy or a major limitation in the environment. There
could be hidden problems in the soil such as root diseases, or soil constraints
affecting yields. Alternatively, apparent underperformance could simply be due to
seasonal rainfall distribution patterns, which are beyond the grower’s control. &

In the grainbelt of eastern Australia, rainfall shifts from winter-dominated in the south
(South Australia, Victoria) to summer-dominated in the north (northern NSW and
Queensland). The seasonality of rainfall, together with frost risk, drives the choice of
cultivar and sowing date, resulting in flowering time varying between October in the
south and August in the north.

In eastern Australia, wheat crops are therefore exposed to contrasting climatic
conditions during the critical period for grain formation (i.e. a window of V20 days
before and 10 days after flowering), and this affects yield potential and WUE.

Understanding how these climatic conditions affect crop processes and how
they vary from south to north and from season to season can help growers and
consultants to set more realistic target yields across sites, locations and seasons.

Researchers have analysed some of the consequences of the shift from winter to
summer rainfall between southern and northern regions in terms of implications

for management and breeding. They advise caution in the use of simple rules of
thumb (French—Schultz) for benchmarking WUE, and discuss the importance of more
integrative and dynamic modelling approaches to explore alternatives to increase
WUE at the single-crop and whole-farming-systems levels (i.e. $/ha.mm). &

85 GRDC (2009) Water Use Efficiency—Converting rainfall to grain. GRDC Fact Sheet, http//www.grdc.com.au/®/
media/607AD22DC6934BE79DEAAOSDFBE00999.pdf
86 Rodriguez (2008) Farming systems design and Water Use Efficiency (WUE). Challenging the French & Schultz WUE model. GRDC

Update Papers, June 2008, https://www.grdc.com.au/Research-and-Development/GRDC-Update-Papers/2008/06/Farming-systems-
design-and-water-use-efficiency-WUE-Challenging-the-French-Schultz-Wue-model
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1.7.4 Nitrogen-use efficiency

Key points:

. Improving nitrogen-use efficiency begins with identifying and measuring
meaningful NUE indices and comparing them with known benchmarks and
contrasting N management tactics.

- Potential causes of inefficiency can be grouped into six general categories.
Identification of the most likely groups is useful in directing more targeted
measurement and helping identify possible strategies for improvement.

. As result of seasonal effects, NUE improvement is an iterative process; therefore,
consistency in the investigation strategy used and good record keeping are
essential. &

Nitrogen-use efficiency (NUE) is the efficiency with which soil nitrate-N is converted
into grain N. The nitrate-N comes from fertiliser, crop residues, manures, and soil
organic matter, but it is how well and quickly this fertiliser is converted into grain

that is generally of greatest concern to growers. Efficiency is reduced by some
seasonal conditions, crop diseases, losses of N from the soil as gases, N leaching, or
immobilisation of N into organic forms.

The type of soil type, the intensity of rainfall and the timing of fertiliser application
largely determine N losses from dryland cropping soils. Insufficient rainfall after

a surface application of N fertilisers can result in losses from the soil through
volatilisation. The gas lost in this case is ammonia. Direct measurements of ammonia
losses have found that they are generally <15% of the N applied, and even less with
in-crop situations. An exception can occur with the application of ammonium sulphate
to soils with free lime at the surface, where losses have been recorded as >25%

of the N applied. Recovery of N applied in-crop requires sufficient rainfall for plant
uptake from an otherwise dry surface soil.

A balance of nutrients is essential for profitable yields. Fertiliser is commonly needed
to add the essential nutrients P and N, although the lack of other essential plant
nutrients may also limit production in some situations. Knowledge of the nutrient
demand of crops is essential in determining nutrient requirements. Soil testing and
nutrient audits assist in matching nutrient supply to crop demand. &

Optimising nitrogen-use efficiency

Nitrogen fertilisers are a significant expense for broadacre farmers. Optimising use of
fertiliser inputs is therefore desirable. There are three main stores of nitrogen with the
potential to supply N to crops: stable soil organic matter N, rotational (plant residue)
N, and soil mineral N (ammonium and nitrate). To optimise the ability of plants to use
soil N, growers should first be aware of how much of each source there is, and soil
testing is the best method of measuring these N sources. &

In recent research in the UK, it was found that triticale had higher biomass and straw
yields, lower harvest index and higher total N uptake than wheat. Consequently,
triticale had higher efficiency of both the uptake and use of N. %©

In another study, NUE decreased with increasing N fertiliser rates. At an N supply of
100 kg/ha—1, the NUE of triticale was 0.14 t dry biomass/kg N. *'
1.7.5 Double-crop options

Double cropping is growing a winter and summer crop following one another.

87 C Dowling (2014) The fundamentals of increasing nitrogen use efficiency. GRDC Update Paper, 11 February 2014. GRDC, https://ardc.
com.au/Research-and-Development/GRDC-Update-Papers/2014/02/The-fundamentals-of-increasing-nitrogen-use-efficiency-NUE

88 G Schwenke, P Grace, M Bell (2013) Nitrogen use efficiency. GRDC Update Paper, 16 July 2013. GRDC, http://www.grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2013/07/Nitrogen-use-efficiency

89 Soilquality.org. Optimising soil nutrition, http://www.soilquality.org.au/factsheets/optimising-soil-nutrition

90 S Roques, D Kindred, S Clarke (2016) Triticale out-performs wheat on range of UK soils with a similar nitrogen requirement. The Journal
of Agricultural Science, 1-21.

91 | Lewandowski, U Schmidt (2006) Nitrogen, energy and land use efficiencies of Miscanthus, reed canary grass and triticale as
determined by the boundary line approach. Agriculture, Ecosystems & Environment, 112 (4), 335-346.
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Cool-season annual forages such as triticale are well-suited to double cropped
forage. 2 Planting cool-season annuals following a grain harvest is an economical
way to produce high-quality forage. Two types of cool-season annual forages that are
well-suited to produce double-cropped forage are small-grain cereal grasses, such as
triticale, oats, cereal rye and wheat, and brassicas, which include turnip and radish.

For autumn forage, the general concept is to take advantage of the potential growing
degree-days following a grain harvest. Ideally, planting a forage double crop would
occur as soon as possible following grain harvest since the growing degree-days
available for plant growth rapidly decline through the late summer into early autumn.
The risk of failure increases with later planting dates. However, establishment costs
are often low enough for many of these forages that the successful years often
outweigh the years in which failure occurs. %

For spring forage, the winter cereals triticale, rye and wheat tend to be the
best choices.

Crop sequencing for irrigated double cropping in the
Murrumbidgee Valley

A project in the Murrumbidgee Valley aimed to qualify and overcome some
of the potential difficulties with double cropping systems, and to provide
the opportunity for growers to capitalise on their investment in irrigated
agriculture. The researchers addressed the issues of herbicide residues,
irrigation layouts and management, stubble management, and quantifying
achievable crop yield and profitability.

The researchers conducted the trials over two years, from winter 2014 to
summer 2015-16. The project had two core sites, one in Boort (northern
Victoria) and the other at the Leeton Field Station (LFS) in southern NSW.
At the Victorian site they focused on the technical aspects of double
cropping, including herbicide options and stubble management.

They experimented with seven double-cropping rotations. The wheat—
fallow—wheat—fallow (T5) rotation had the lowest Gross Margin (GM) return
per hectare, of only $1,428/ha over the two years. Even though T5 had the
lowest GM for $/ha, it had a much better GM return on a megalitre basis,
with $216/ML.

The T5 effect is of interest, as while it had the lowest GM/ha for land use,

it was one of the best for GM for water use. This implies that if water is
limited, growers need to seriously consider increasing the percentage of
winter crops within their rotation and using summer fallows as a break. In
contrast, if water is plentiful and of low cost, a more summer crop-dominant
rotation could be more profitable. °*

92  ME Drewnoski, DD Redfearn (2015) Annual cool-season forages for late-fall or early-spring double-crop. No. G2262. NebGuide, http://
extensionpublications.unl.edu/assets/pdf/g2262.pdf

93 ME Drewnoski, DD Redfearn (2015) Annual cool-season forages for late-fall or early-spring double-crop. No. G2262. NebGuide, http://
extensionpublications.unl.edu/assets/pdf/g2262 pdf

94 T Napier, L Gaynor, D Johnston, G Morris, M Rollin (2016) Crop sequencing for irrigated double cropping within the Murrumbidgee
Valley region. GRDC Update Paper. 27 July 2016. GRDC, https://grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2016/07/Crop-sequencing-for-irrigated-double-cropping-Murrumbidgee-Valley-site
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1.8 Disease status of paddock

Crop sequencing and rotation are important components of long-term farming systems
and contribute to the management of soil nitrogen status, weeds, pests and diseases.

In the paddock, considerations include soil-moisture levels before planting, current
and desired stubble cover, and the history of herbicide use and history of diseases.

Crop sequencing is only a part of the integrated management of diseases. Other
practices include:

. Maintaining sufficient distance from last year’s paddock of the same crop, and
maintaining sufficient distance from a paddock with residue infected with a
pathogen of the intended crop.

. The use of high-quality, fungicide-treated seed.

. Planting within the planting window, variety selection.

- In-crop fungicide treatments.

Paddock selection is an important consideration for managing crown rot, in particular,

and growers should select paddocks with a low risk of the disease. Paddock risk can
be determined by one or both of these methods:

- Visually assessing the levels of crown rot and root-lesion nematode (RLN) (see
section 1.9) in a prior cereal crop, paying attention to basal browning.

. Having soil samples analysed at a testing laboratory.

The presence of spores of tan (yellow) spot is also an important consideration,
and effective management of this disease in cereals depends on decisions made
before sowing.

1.81 Testing soil for disease

In addition to visual symptoms, the DNA-based soil test PreDicta B™ can be used to
assess the disease status of the paddock. Soil samples that include plant residues
should be tested early in late summer to allow results to be returned before seeding.
This test is particularly useful when sowing susceptible wheat varieties, and for
assessing the risk after a non-cereal crop.

PreDicta B

Cereal root diseases cost grain growers in excess of $200 million a year in lost
production. Much of this can be prevented.

PreDicta B (the B stands for broadacre) is a DNA-based soil testing service that
identifies which soil-borne pathogens pose a significant risk to broadacre crops prior
to seeding (Photo 9). It includes tests for:

. Take-all (Gaeumannomyces graminis var tritici (Ggt) and G. graminis var
avenae (Gga)).

. Rhizoctonia barepatch (Rhizoctonia solani AGS).
. Crown rot (Fusarium pseudograminearum and F. culmorum).

. Blackspot of peas (Mycosphaerella pinodes, Phoma medicaginis var pinodella
and Phoma koolunga).

Photo 9: PreDicta B sample.

Source: GRDC

95 M Ryley (2011) Diseases shared by different crops and issues for crop sequencing. GRDC Update Paper, 13 September 2011. GRDC,
http://elibrary.grdc.com.au/ark!i33517/vhnf54 t/a9ftohf
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How to access the service

You can access PreDicta B diagnostic testing services through a SARDI-accredited
agronomist. They will interpret the results and give you advice on management

PreDicta B options to reduce your risk of yield loss.

Samples are processed weekly between February and mid-May (prior to crops being

SARDI, Crop diagnostics sown) every year.

PreDicta B is not intended for in-crop diagnosis. SARDI provides a diagnostic
service for that.

1.8.2 Effects of cropping history

The main cropping history effects are based on the amount of nutrients available in a
paddock. However, the previous crop will influence levels of both soil- and residue-
borne diseases. Important diseases to consider include take-all, crown rot, yellow
leaf spot, stripe rust, and Wheat streak mosaic virus. Transmission from neighbouring
paddocks and volunteers are key concerns with some diseases. Controlling the
‘green bridge’ of over-summering cereals and weeds is an important strategy.

For diseases, there has been a focus on management of crown rot and RLN, yellow
leaf spot in winter cereals, and the roles that rotational crops play, particularly the
winter pulses. Crop sequences also affect the incidence and severity of major
diseases of summer crops, especially those diseases that have several summer, and
in some instances winter, crop hosts.

Crop sequencing is only a part of the integrated management of diseases. Other
practices include maintaining sufficient distance from last year’s paddock of the same
crop or from a paddock with residue infected with a pathogen of the intended crop;
the use of high-quality, fungicide-treated seed; planting within the planting window;
variety selection; and in-crop fungicide treatments. %

Paddock histories likely to result in high risk of disease (e.g. Rhizoctonia) include:

. durum wheat in the past 1-3 years

- winter cereal or a high grass burden from last season—crown rot fungus survives
in winter cereal residues, dense stubble cover or where dry conditions have
made residue decomposition slow

. break crops, which can influence crown rot in cereals by manipulating the
amount of N and moisture left in the soil profile

«  paddocks that have high levels of N at sowing and/or low stored soil
moisture at depth ¢’

. varieties grown in previous year (Photo 10). %8

96 M Ryley (2011) Diseases shared by different crops and issues for crop sequencing. GRDC Update Papers, September 201, http://
elibrary.grdc.com.au/ark%21%2133517/vhnf54 t/a9ftShf

97  GRDC (2009) Crown rot in cereals. GRDC Fact Sheet May 2009, https:/www.grdc.com.au/~/media/
AF642FA0A889465089D2B6C59E5CA22E pdf

98 R Brill, S Simpfendorfer (2013) Resistance of eighteen wheat varieties to the root lesion nematode Pratylenchus thornei—Trangie
20M. Northern Grains Region Trial Results Autumn 2013, pp. 129-131. NSW Department of Primary Industries, http://www.dpi.nsw.gov.
au/__data/assets/pdf_file/0004/468328/Northern-grains-region-trial-results-autumn-2013.pdf
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Photo 10: Diseased patches of Rhizoctonia root rot from previous crops vary in size
from less than half a metre to several metres in diameter.

Source: DAFWA

1.9 Nematode status of paddock

Root-lesion nematodes (Pratylenchus thornei and P. neglectus) are migratory root
endoparasites that are widely distributed in the wheat-growing regions of Australia.
They can reduce grain yield by up to 50% in many current wheat varieties (Photo 1).
Pratylenchus neglectus and P. thornei are the main RLNs causing yield loss in the
southern agricultural region of Australia, and they often occur together. *°

At least 20% of cropping paddocks in south-eastern Australia have populations of
RLNs high enough to reduce yield. '°©

99 DAF Qld (2010) Test your farm for nematodes. DAF Qld, https://www.daf.gld.gov.au/plants/field-crops-and-pastures/broadacre-field-
crops/crop-diseases/root-lesion-nematodes/test-your-farm-for-nematodes

100 G Holloway (2013) Cereal root diseases. Note AG0562. Agriculture Victoria, http://agriculture vic.gov.au/agriculture/pests-diseases-and-
weeds/plant-diseases/grains-pulses-and-cereals/cereal-root-diseases
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Photo 11: Paddock showing patches caused by root lesion.

Source: DAFWA

The roots of triticale in nematode-infested soil have been found to contain fewer
nematodes than other cereals. Triticale is thus a useful rotational crop for areas
infested with the root-lesion nematodes. '

1.91 Testing soil for nematodes
PreDicta B

PreDicta B can also be used for testing for the presence of nematodes:
. Cereal cyst nematode (Heterodera avenae).

. Root lesion nematode (Pratylenchus neglectus and P. thornei).

. Stem nematode (Ditylenchus dipsaci).

See section 1.8.1 above for details, including how to access the service.

1.9.2 Effects of cropping history

- Well-managed rotations are vital. Avoid consecutive host crops to limit
populations.

. Choose varieties with high tolerance ratings to maximise yields in fields where
RLN is present.

. Choose rotation crops with high resistance ratings, so that fewer nematodes
remain in the soil to infect subsequent crops.

For more information, see Section 8: Nematode control

110 Insect status of paddock

Pests such as redlegged earth mites, blue oat mites, nematodes and, in some
seasons, cutworms, pose a risk in some paddocks (Photo 12). Risk should be
assessed based on paddock history (including recent control) and crop susceptibility.
Controlling weeds in summer fallows and around paddocks can also minimise some
of these pests.

101V Vanstone, M Farsi, T Rathjen, K Cooper (1996) Resistance of triticale to root lesion nematode in South Australia. In Triticale: Today and
Tomorrow, Springer Netherlands, pp. 557-560.
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Soil-dwelling insect pests can seriously reduce plant establishment and populations,
and subsequent yield potential.

Photo 12: Armyworm on a severed stem (left) and the damage caused by a
combination of armyworms and herringbone caterpillars to a cereal paddock (right).

Sources: Luke Maher, left, and James Mckee

Soil insects include:

. crickets
. earwigs

. cutworms

. false wireworms

. true wireworms

Soil-insect control measures are normally applied at sowing. Since different insects

require different control measures, the species of soil insects must be identified
before planting. 2

11041 Testing soil for insects

It is important to maintain a regular testing regime for the presence of insects in the
soil. Recent seasons have seen a plethora of seemingly new pests and unusual
damage in pulse and grain crops.

GRDC’s advice to growers is to:
. Monitor crops frequently so as not to be caught out by new or existing pests.

. Look for and report any unusual pests or symptoms of damage—
photographs are good.

. Remember that just because a pest is present in large numbers in one year
doesn’t mean it will necessarily be so next year— another spasmodic pest, e.g.
soybean moth, may make its presence felt instead.

. Be aware of cultural practices that favour pests, and rotate cops each year to
minimise the build-up of pests and plant diseases. '

Sampling methods should be applied in a consistent manner between paddocks and
on each sampling occasion. Any differences can then be confidently attributed to
changes in the insect populations, and not to different sampling techniques.

102 DAF Qld. (2011) How to recognise and monitor soil insects. DAF Qld, https://www.daf.ald.gov.au/plants/field-crops-and-pastures/
broadacre-field-crops/integrated-pest-management/help-pages/recognising-and-monitoring-soil-insects

103 H Brier, M Miles (2015) Emerging insect threats in northern grain crops. GRDC Update Paper, 31 July 2015. GRDC, https:/grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2015/07/Emerging-insect-threats-in-northern-grain-crops
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Using a sweep net

Most crop monitoring for insect pests is done visually or with a sweep net. Using a
shake or beating tray is another technique. Sampling pastures mostly relies on visual
assessment of the sward or the soil below it. The sweep net is the most convenient
sampling technique for many insects. The net should be about 38 cm in diameter, and
swept in a 180° arc from one side of the sweeper’s body to the other. The net should
pass through the crop on an angle so that the lower lip travels through the crop
marginally before the upper lip. The standard sample is 10 sweeps, taken over 10
paces, which comprises one set. This technique should be repeated as many times
as practicable across the crop, and at no less than five locations. After completing the
sets of sweeps, count the insects captured and average the counts to give an overall
estimate of abundance. Sweep nets tend to under-estimate the size of the pest
population. Their efficiency is significantly affected by temperature, relative humidity,
crop height, wind speed, plant density and the operator's vigour. 14

There are two other main sampling techniques.

Soil sampling by spade
1. Take a number of spade samples from random locations across the paddock.

2. Check that all spade samples are deep enough to take in the moist soil layer.
This is essential.

3. Hand-sort samples to determine type and number of soil insects.

Germinating-seed bait technique

Immediately following planting rain:

1. Soak insecticide-free crop seed in water for at least two hours to initiate
germination.

2. Bury a dessertspoon of the seed under 1 cm of soil. For each 100 ha, bury the
seed at each corner of a 5 m by 5 m square at five widely spaced sites.

3. Mark the position of the seed baits, as large populations of soil insects can
destroy the baits.

4.  One day after seedling emergence, dig up the plants and count the insects.

Trials have shown no difference in the type of seed used for attracting soil-dwelling
insects. However, using the type of seed to be sown is likely to indicate the species
of pests that could damage the proposed crop. The major disadvantage of the
germinating-grain bait method is the delay between the seed placement and
assessment. 10

Identifying insects

The South Australian Research and Development Institute (SARDI) Entomology Unit
provides an insect identification and advisory service. The unit identifies insects to the
highest taxonomic level for species where this is possible, and can also give farmers
biological information and guidelines for controlling them. °¢

GRDC’s Insect ID ute guide is a comprehensive reference on the insect pests that
commonly affect broadacre crops across Australia (Figure 9). It includes the beneficial
insects that may help to control pests. Photos have been provided for multiple life-
cycle stages, and each insect is described in detail, with information on the crops
they attack, how they can be monitored, and other pests they may be confused

with. Use of this app should result in better management of pests, increased farm
profitability and improved chemical usage. '’

104 Department of Natural Resources and Environment (2000) Sampling methods for insects and mites. Department of Natural Resources

and Environment (Victoria), http://ipmauidelinesforgrains.com.au/insectopedia/introduction/sampling.htm

105 DAF Qld (2011) How to recognise and monitor soil insects. DAF Qld, https://www.daf.qld.gov.au/plants/field-crops-and-pastures/
broadacre-field-crops/integrated-pest-management/help-pages/recognising-and-monitoring-soil-insects

106 PIRSA. Insect diagnostic service, http://pirsa.gov.au/research/research_specialties/sustainable_systems/entomology/insect,
diagnostic_service

107 GRDC. Insect ID: The ute guide. GRDC, https://grdc.com.au/Resources/Apps
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The app is available for Android phones and the iPhone.

Gorirm.
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Insect ID
The Lita Guide

Figure 9: Icon of GRDC's insect ID app.

Source: GRDC

App features

The features of the app are:

. Region selection.

. Predictive search by common and scientific names.

. Comparison photos of insects side by side with insects in the app.
Identification of beneficial predators and parasites of insect pests.

. The option to download content updates inside the app to ensure you’re aware
of the latest pests affecting crops for each region.

. Raises awareness of international biosecurity pests.

It is important to consider paddock history when planning for pest management.
Resident pests can be easier to predict by using paddock history. Agronomic and
weather data will also help to determine the likely presence (and numbers) of

certain pests within a paddock. These will point towards the likely pest issues and
allow growers to implement preventive options. °® Reduced tillage and increased
stubble retention have changed the cropping landscape with respect to soil-moisture
retention, groundcover and soil biology, and these have also affected the abundance
and types of invertebrate species being seen in crops. These systems increase
invertebrate biodiversity but also create more favourable conditions for many pests
such as slugs, earwigs, weevils, beetles and many caterpillars. In turn, they have

also influenced beneficial species such as carabid and lady beetles, hoverflies and
parasitic wasps. °°

See Section 7: Insect control for more information.

110.2 Effects of cropping history

Where paddock history, paddock conditions or pest numbers indicate a high risk
of pest damage a grower might decide to use pre-seeding controls to reduce pest
pressure, apply a seed dressing to protect the crop during the seedling stage and
plan to apply a foliar insecticide if pest numbers reach a particular level. ™

Different soil insects occur under different cultivation systems and the way the farm
is managed directly influences the type and number of these pests. Keep in mind
the following:

. Weedy fallows and volunteer crops encourage soil insect build-up.

108 R Jennings (2015) Growers chase pest-control answers. Ground Cover. No. 117. GRDC, https://grdc.com.au/Media-Centre/Ground-
Cover/Ground-Cover-Issue-117-July-August-2015/Growers-chase-pest-control-answers

109 Bowden P, Umina P, McDonald G. (2014). Emerging insect pests. https:/grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2014/07/Emerging-insect-pests

10 G Jennings (2012) Integrating pest management. SANTFA, http://www.santfa.com.au/wp-content/uploads/Santfa-TCE-Spring-12-
Integrating-pest-management.pdf
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. Insect numbers decline during a clean, long fallow due to lack of food.

«  Large amounts of stubble on the soil surface can promote some soil insects
because they are a food source, but this can also mean that pests continue
feeding on the stubble instead of moving to germinating crops.

. No-tillage cropping encourages beneficial predatory insects and earthworms.

. Incorporating stubble promotes black field earwigs.

. False wireworms are found at all intensities of cultivation, but numbers decline if
stubble levels are very low.

Soil-insect controls are normally applied at sowing. Since different insects require
different control measures, the species must be identified before planting. Soil
insects are often difficult to detect as they hide under trash or in the soil. Immature
insects such as false wireworm larvae are usually found at the interface of moist
and dry soil. ™

For more information, see Section 7: Insect Control.

M DAF Qld (2011) How to recognise and monitor soil insects. DAF Qld, https://www.daf.gld.gov.au/plants/field-crops-and-pastures/
broadacre-field-crops/integrated-pest-management/help-pages/recognising-and-monitoring-soil-insects
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Pre-planting

Key messages

. Triticale has good natural vigour through its cereal rye heritage. It has good
acid soil tolerance and where lime has not been applied it will out-yield
wheat and barley.

. Triticale breeding programs have aimed at improving grain yield and dry-matter
production, producing winter triticales with a wider range of sowing dates,
improving the grazing habit (having the growing point closer to the ground), and
incorporating new sources of rust resistance.

«  These breeding programs have produced a number of new varieties designed
for particular uses and regions.

. Triticale is extensively used in dual-purpose cropping systems, with varieties
bred specifically for them.

. Ensure that seed quality is of a high standard. Check for damage and
discoloration because affected seeds may have poor germination
and emergence.

- The larger seed size of triticale means that emergence is consistently good;
however, high-quality seed must be used.

. Consult local variety sowing guides for the best practices for your region.

Triticale has a niche on farms across Victoria due to several attributes. There are two
types of triticale to choose from: grain-only, and dual-purpose (Photo 1). Grain-only
varieties perform best in long-season environments rather than in the lower-rainfall
regions with an unreliable spring. Dual-purpose varieties can be sown very early,
grazed during winter, and then shut up for forage conservation or grain recovery. '

Long-season triticales may also be suitable to the Wimmera areas of Victoria and SA
for sowing in early to mid-May. 2

Photo 1: Triticale combines the high yield potential and good grain quality of wheat
with the disease and environmental tolerance of rye.

1 Waratah Seed Company (2010) Triticale: planting guide. Waratah Seed Company, http://www.porkcrc.com.au/1A-102_Triticale Guide.
Final Fact Sheets.pdf

2 University of Sydney (2012) Triticale. Plant Breeding Institute. University of Sydney, http://sydney.edu.au/agriculture/plant_breeding
institute/key_work_results/triticale.shtml
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21 Triticale as a dual-purpose crop

Key points:

- Advantages of dual-purpose crops include minimising risks, capitalising on early
rainfall, flexibility in enterprise mix, and improved cash-flow.

. Dual-purpose crops require a high standard of management.

. Ideal grazing facilities would allow for an excellent water supply, shelter belts
and rotational grazing, and drafting cattle into similar weight ranges before being
placed onto grazing crops. Try to minimise handling and ensure that all animal
health issues are addressed. *

. Triticale has excellent grazing and forage values.

Dual-purpose crops hold great potential for farmers to utilise early-season sowing
opportunities to provide extra grazing for livestock and yet maintain grain yield. With
good management, the period of grazing can increase net crop returns by up to
$600/ha, and give a range of system benefits including widening sowing windows,
reducing crop height, filling critical feed gaps, and spelling pastures. Over 10 years of
experiments, simulation studies and collaborative on-farm validation across Australia
have demonstrated that many cereal varieties have the ability to recover after being
grazed and go on to produce good crop yields. The combined livestock and crop
gross margins can exceed grain-only crops, and increase whole-farm profitability. 4

The Australian dual-purpose cereal crop (which includes triticale, wheat, oats, barley
and cereal rye) is increasing in importance because of factors such as higher-value
animal industries. The ability of several recent variety releases to provide valuable
winter grazing, as well as a grain yield similar to grain-only crops, helps farmers to
improve winter feed supply after pastures have been affected by drought. ®

When a dual-purpose triticale is grown with the intention of providing winter
grazing and then optimising grain production, the time of stock removal or lock-up
is important.

211 Benefits of growing dual-purpose or winter-forage
crops

1. Minimises risks
Dual-purpose or winter-forage crops can mitigate the impacts of several
natural hazards:

- Weather damage close to grain harvest, which have caused or can cause severe
damage to ripening crops.

. Weather damage during the growing period of grazing crops, which can provide
irrigation-type benefits.

«  Weather damage in November—December, which are not so critical on grazing
crops because the benefits have already been banked

. Minimise the risks associated with dry periods in late winter—spring, such as
those in 2013, 2014 and 2015.

. Frost
. Yield reductions due to heat shock during flowering

2. Capitalises on early rainfall

. Grazing or dual-purpose crops can be planted in late February and up till late
March, thus capitalising on late-summer rain. It also spreads workloads.

3 K Harris (2016) Dual purpose crops. GRDC Update Paper. GRDC, https://grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2016/02/Dual-purpose-crops

4 J Kirkegaard, S Sprague, J Lilley, L Bell L (2016) Managing dual purpose crops to optimise profit from grazing and grain yield north.
GRDC Update Paper. GRDC, https://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2016/02/Managing-dual-purpose-
crops-to-optimise-profit-from-grazing-and-grain-yield-north

5 GRDC (2007) Dual-purpose crops: Adaptable triticale steps up. Ground Cover. No. 66. GRDC, https:/grdc.com.au/Media-Centre/
Ground-Cover/Ground-Cover-Issue-66-January-February-2007/Dualpurpose-crops-Adaptable-triticale-steps-up
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. Spreads the sowing window and workloads.

. Early-sown crops will provide quality feed from mid-May in most seasons.

3. Flexibility in enterprise mix

Dual-purpose or winter-forage crops mean that the farm business:

. Isn't totally vulnerable to fluctuations in grain prices, export markets, grain-quality
issues, and downgrading because of weather damage.

. Can tap into the budget profits from weight gains available with buying and
selling cattle

. Has the opportunity to ‘background’ cattle for feedlots and the potential to lock
in sale prices at purchase

. Capitalise on cattle prices at feedlots, which are usually higher when grain prices
are down—grain is a major input cost for feedlots and therefore it has a major
impact on feedlot margins.

. Can delay the decision to lock up dual-purpose crops until late July—during a
normal average season when late winter—early spring feed reserves (pastures)
are looking good, dual-purpose crops can be locked up, top-dressed, or
controlled for weeds if necessary, and kept for grain production.

. Can elect to continue to graze the crop, taking into account cattle and grain
prices, levels of stored soil moisture, and the seasonal outlook.

4. Improved cash-flow

. Grazing crops can provide felxibility on both the production and financial side

Dual-purpose crops when conditions apply.

. Dual-purpose crops offer the benefit of generating early income from the start of
Optimising grazing and grain yield in the grazing period.
dual-purpose crops . Producers don't need to finish the cattle—the best returns are often obtained

from backgrounding cattle for local feedlots. A good idea is for growers to speak
with the feedlot before they buy cattle; alternatively, there may be an opportunity

Dual purpose crops: do they have a to background cattle on behalf of a feedlot, being paid for the weight gain only.

fit in your system and how can they
be managed to optimise forage and

- Awell-managed forage crop can provide sufficient early-season feed for

weaners. Therefore, early income can potentially be paid in August.
grain production . There is no need to wait until December or January (6—8 months) to
realise cash-flow.

. For grain recovery in dual-purpose crops in northern areas, growers should
budget 50% of un-grazed crops. ©

21.2 When to graze

Dual-purpose varieties can be sown early for winter grazing (30—-90 grazing days)
and can then be locked up at spring time. The ideal stage to start grazing dual-
purpose varieties is when plants are well anchored and the canopy has closed
(growth stages GS21-GS29). Do not graze below 5 cm with prostrate varieties and
below 10 cm for erect varieties (Photo 2).’

In the Southern region, do not graze past Growth stage 31, when the first
node on the main shoot is 3-5 cm above the ground. Grazing beyond this
growing point can reduce grain yield recovery significantly.

Agronomist’s view

6 K Harris (2016) Dual purpose crops. GRDC Update Paper. GRDC, https://grdc.com.au/Research-and-Development/GRDC-Update-
Papers/2016/02/Dual-purpose-crops

7 Birchip Cropping Group (2004) Triticale agronomy 2004. Online Farm Trials, http://www.farmtrials.com.au/trial/13801
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Continuous grazing is better than rotational grazing for fattening stock. Maintain
adequate plant material (1,000-1,500 kg dry matter (DM) per ha) to give continuous
and quick regrowth of the crop. The higher grazing height is particularly important
with the erect-growing varieties. Over-grazing greatly reduces the plant’s ability

to recover. &

The crop must be monitored regularly (at least twice a week) for stem elongation
and the appearance of the first node. This indicates that the plant has gone into
reproductive mode and grazing from this time onwards will reduce grain yield. Once
the crop reaches this stage grazing should cease. °

i

Photo 2: Triticale grazed by cattle and used to clean up a paddock.

Source: EverGraze

In southern trials, grain yields were generally reduced by grazing, possibly because
grazing was allowed to continue to about GS31, and is likely to have resulted in

the removal of the growing point of the primary tiller, resulting in fewer productive
heads. Varieties that produced the highest grain yield when not grazed actually had
the greatest yield loss when grazed. Protein content was reduced by grazing in all
cereals, and 1,000-grain weight was reduced by grazing in wheat and triticale. As
long as farmers stop grazing their cereals before they get to GS30-GS31 they can get
a reasonable amount of grazing from the crop, and still realise a good grain yield. It is
a matter of farmers trying to get some grazing in winter (when dedicated pastures are
growing slowly and under pressure due to low dry-matter levels) and then removing
the stock to harvest a reasonable grain yield. '©

Researchers have found in trials that of four commonly used cereal cover crops
(triticale, oats, wheat and barley), triticale produced the highest grain yield
following grazing. "

8 P Matthews, D McCaffery, L Jenkins (2016) Winter crop variety sowing guide 2016. NSW DPI, http://www.dpi.nsw.qgov.au/__data/assets/
pdf file/0011/272945/winter-crop-variety-sowing-guide-2016.pdf

9 Waratah Seed Company (2010) Triticale: planting guide. Waratah Seed Company, http://www.porkcrc.com.au/1A-102_ Triticale_Guide.
Final Fact Sheets.pdf

10 M Roberts (2013) YP and Mid-North trials highlight benefits of grain and graze. Grain and Graze, http://www.grainandgraze3.com.au/
resources/343_YPandMidNorthtrialshighlightbenefitsof GG.pdf

1 L Serafin, M Gardner, J Fleming, D Pottie, S Harden (2013) Dual purpose cereals: varieties and management for the northern slopes

and plains. GRDC Update paper. GRDC, https:/grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/02/Dual-Purpose-
Cereals-Varieties-and-Management-for-the-Northern-Slopes-and-Plains
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Evaluation of triticale as dual-purpose forage and grain
crops

Two cultivars of triticale, Tiga and Empat, were compared with existing
commercial cultivars of triticale, cereal rye and forage oats, for grain yield
and dry-matter (DM) production. Their performance was evaluated at
Armidale, New South Wales, over 3 years, using four regimes: uncut to
grain yield, cut in late autumn, cut in autumn and winter, and cut in winter
only. Grain yields (up to 4.0 t/ha) of the highest-yielding triticale cultivar
(Empat) were equal to, or greater than, the best oats cultivar (Blackbutt).
Generally, the highest winter growth rates, dry-matter yield at maturity and
grain yield were recorded from uncut plots. Cutting only in autumn had
small negative effects on grain yields, but cutting in both autumn and winter
reduced total dry-matter yields at maturity by 30%, and grain yields by
50%. Cutting only in winter resulted in higher vegetative forage yields than
a double cut (autumn and winter), but the single winter cut subsequently
produced lowest dry-matter yields at maturity. The high grain yields of
triticale were linked to rapid spring growth. Harvest indices of triticale
cultivars were generally lower than those of the oat cultivars. The results
indicate the potential of triticale, as a dual-purpose forage and grain crop.

21.3 Breeding dual-purpose triticale

Grain producers on the south-western slopes have expressed the importance of
dual-purpose triticale varieties, as they want to graze the crop through autumn and
winter, and have a subsequent grain crop, to increase their gross margin per hectare
and also provide an insurance against harvest failure. Grazing cereals produce twice
the amount of dry matter than pastures during the autumn and winter, and also allow
pastures to be rested over the winter, thus allowing for better production in the
spring. Long-season triticales may also be suitable to the Wimmera areas of Victoria
and SA for sowing in early to mid-May.

There can be a high demand for feed grain in these regions, especially for triticale
from the dairy and pig industries. The reduced transport costs and the slightly
higher price for triticale compared to other feed grains makes triticale an attractive
proposition. Triticale is particularly suited to some areas due to its tolerance of acid
soils and the high levels of exchangeable aluminium in these soils, especially where
the subsoil is acidic and cannot be easily corrected by liming.

Recently the demand for triticale is highly variable. Before making
commitments to growing Triticale for grain, growers should assess the market

opportunities for their district.

Agronomist’s view

With support from the GRDC, the University of Sydney aims to improve the
productivity of dual-purpose triticales through plant breeding. This involves improving
the grain yield and dry-matter production, producing winter triticales so there is a
wider range of sowing dates, improving the grazing habit (so that the growing point

12 AC Andrews, R Wright, PG Simpson, R Jessop, S Reeves, J Wheeler (1991) Evaluation of new cultivars of triticale as dual-purpose forage
and grain crops. Animal Production Science, 31 (6), 769-775.
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is closer to the ground), and incorporating new sources of rust resistance. Shorter
triticales are also produced to reduce the amount of stubble after harvest, suiting
conservation-tillage farming practices, and also to improve grain yield.

Hybrid triticale is also being developed to increase yield by exploiting heterosis (hybrid

Dual Purpose Triticale Improvement
. D vigour), the superiority of the F1 hybrid over the highest-yielding inbred varieties.

program
The breeding program is also seeking to enhance grain quality, with the aim of
" . . improving ruminant productivity on triticale feed. (Grain quality for pigs is being
Triticale: grazing quide covered by the Pork CRC)

21.4 Triticale grain for livestock

The major uses for triticale grain are as a feed supplement in the dairy industry, as a
component in feeds used in beef feedlots, and as a constituent of compound rations
for intensive pig and poultry farming. In livestock diets, triticale has a similar role to
other cereals (Tables 1and 2) *: it is primarily a good source of energy, as it has a
moderate amount of protein and high amounts of starch and other carbohydrates.

A key physical feature of triticale is that it is a soft grain; it has a hardness index almost
half that of wheat and barley. This is an advantage in that less mechanical energy is
required to mill triticale than wheat and barley prior to inclusion in livestock diets.

Table 1: Crude protein concentration and yield and% digestible dry matter IVDDM
and yield of four grain species harvested at the milk stage of maturity.

Species Crude protein IVDDM*

% T/A % T/A
Spring wheat 15.7 0.43 63.3 172
Triticale 15.2 0.45 66.4 195
Oat 14.6 0.44 61.5 1.86
Barley 15.7 0.50 685 2.20

IVDDM = in vitro dry-matter digestibility

Source: Oelke, Oplinger and Brinkman

Table 2: Forage and diet composition (dry matter basis).

Item Alfalfa (%)  Triticale (%) Oats (%)
Forage

Dry matter 43.5 378 28.0
Crude protein 22.6 17.5 142.0
Neutral detergent fibre  43.8 54.8 524
Acid detergent fibre 329 321 311
Calcium 1.69 .56 42
Phosphorus 43 .56 .39
Diet

Dry matter 581 52.4 437
Crude protein 16.4 17.2 17.3
Neutral detergent fibore  30.3 36.9 36.0
Acid detergent fibre 18.0 19.8 19.3

Source: Oelke, Oplinger and Brinkman

13 University of Sydney (2012) Triticale. Plant Breeding Institute. University of Sydney, http://sydney.edu.au/agriculture/plant_breeding
institute/key_work_results/triticale.shtml

14 EA Oelke, ES Oplinger, MA Brinkman (n.d.) Triticale. In Alternative Field Crops Manual. University of Wisconsin, https://www.hort.purdue.
edu/newcrop/afcmy/triticale.html
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On the farm, triticale can be fed to livestock in the same way wheat or barley would
be. ® It is well suited to feeding dairy cows (Table 3).

The high demand for feed grain for the dairy and pig industries in the Wimmera, the
lower transport costs and the slightly higher price for triticale compared to other feed
grains, makes triticale an attractive proposition for growers in the southern region.

Table 3: Effect of forage on milk yield and milk composition.

Item Forage source
Alfalfa Triticale Oats

No. of cows 15 15 12

Milk yield and composition

3.5% FCM 2 (Ib/cow/ 64.7ab 71.9a 60.7b

day)

fat, % 37 37 3.9

protein, % 34 34 3.4
Triticale: stock feed guide total solids, % 133 133 13.4

n - . FCM = Fat-corrected milk
A quide to the use of triticale in ab = Means differ ( 0.05)

”VeStOCk feedS Source: Oelke, Oplinger and Brinkman

How much protein is in triticale grain is thought to depend most on the cultivar,
less on the weather conditions of the growth year, and least on nitrogen fertiliser
application. "

21.5 Triticale as a cover crop

A cover crop is planted primarily to manage soil erosion, soil fertility, soil quality,
water, weeds, pests, diseases, biodiversity and wildlife in an agro-ecosystem.

Triticale has a heavy residue on the surface, much like that of cereal rye if allowed to
reach maturity, making it a good choice for weed suppression. ™

Triticale is a hardy cover crop that can suppress weeds and produce a moderate to
high amount of biomass. Triticale will not produce as much biomass as rye, and may
not tie up as much N in the spring.

Triticale is thought to be able reduce soil compaction, loosen topsoil and remove
excess soil moisture. ©

One approach used in southern cropping regions involves annual crops being sown
into established lucerne, a practice known as lucerne inter-cropping (Figure 1). 2° The
benefits of doing this include reducing the risk of rainfall leakage during the cropping
phase, as well as eliminating the costs of lucerne removal and re-establishment.

15 Agriculture Victoria (2012) Growing triticale. Note AG0497. Revised. Agriculture Victoria, http://agriculturevic.gov.au/agriculture/grains-
and-other-crops/crop-production/growing-triticale

16 University of Sydney (2012) Triticale. Plant Breeding Institute. University of Sydney, http://sydney.edu.au/agriculture/plant breeding
institute/key_work_results/triticale.shtm!

17 M Alaru, U Laur, E Jaama (2003) Influence of nitrogen and weather conditions on the grain quality of winter triticale. Agronomy
Research, 1(1), 3-10.

18 Advance Cover Crops (n.d.) Triticale. Advance Cover Crops, http://www.advancecovercrops.com/portfolio_item/triticale/

19  Natural Resources Conservation Service (2011) Cover crop : Planting specification guide NH-340. NRCS, http:/www.nrcs.usda.gov/
Internet/FSE_DOCUMENTS/stelprdb1081555.pdf

20 Agriculture Victoria (2015) Farmers’ experiences. Agriculture Victoria, http://agriculture.vic.gov.au/agriculture/dairy/pastures-
management/managing-dryland-lucerne/farmers-experiences
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Under-sowing lucerne

In Victoria, triticale ca be used for inter-cropping with Lucerne. ' Triticale has poor
tillering capacity and good tolerance to shattering. This makes it a useful cereal as a
cover crop to establish under-sown lucerne (Photo 3) 22 or medic, although seeding
rates may need to be reduced % e.g. to approximately 10 to 20% of normal, targeting
15-30 plants per m2.

1. Light grazing 2. Pre-crop lucerne 4. In-crop 6. Wean prime
suppression and lucerne lambs inter-row
weed control suppression  crop stubbles

%
3. Sow 5. Harvest

Figure 1: Lucerne inter-cropping practice.

Source: Agriculture Victoria

When under-sowing:
. Use a grain-only variety with the earliest available maturity suited to your region
. Sow the triticale at lower seeding rate than used for optimising grain yield

. Choose a paddock with low weed numbers as the combination of species can
dramatically reduce herbicide options.

. Expect a reduction in grain yield. 2°

Photo 3: A paddock of cereal under-sown with lucerne.

Photos: Andy Howard

21 Agriculture Victoria (2015). Farmers’ experiences. Agriculture Victoria, http://agriculture.vic.gov.au/agriculture/dairy/pastures-
management/managing-dryland-lucerne/farmers-experiences

22 A Howard (2015) Hubert Charpentier, Brive, France: Lucerne as a living mulch, 4th May 2015. Blog post. Andy Howard’s Nuffield
Scholarship Journey, https://andyhowardnuffield15.wordpress.com/page/8/

23 Agriculture Victoria (2012) Growing triticale. Note AG0497. Revised. Agriculture Victoria, http://agriculturevic.gov.au/agriculture/grains-
and-other-crops/crop-production/growing-triticale

24  Waratah Seed Company (2010) Triticale: planting guide. Waratah Seed Company, http://www.porkcrc.com.au/1A-102_Triticale Guide.
Final Fact Sheets.pdf

25 Waratah Seed Company (2010) Triticale: planting guide. Waratah Seed Company, http://www.porkcrc.com.au/1A-102_Triticale_Guide.
Einal Fact_Sheets.pdf
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Triticale variety trials - 2015

Triticale variety trials - 2011

Sowing date
Astute®
Berkshire®
Bison®
Bogong®
Canobolas®
Chopper®
Endeavour®
Fusion®
Goanna
Hawkeye®
Jaywick®
KM10

Rufus
Tahara
Tuckerbox
Yowie

Yukuri

Site Mean (t/
ha)

CV (%)
LSD (%)

Yield (%)
Mallee
Ultima  Walpeup
22/515  7/5/15
106 127
108 70
14 131
cS) 5
82 97
12 97
100 99
102 93
95 109
78 105
83 55
109 86
90 96
79 102
0.67 1.50

8
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North East
Rutherglen
13/5/15

93

107

106

109

97

91

95

100

102

106

98

90
91
85
100

5.86

12

As far as amount of growth to expect, it is very similar to that of a cereal rye plant,
growing 0.9-1.5 m in height. Triticale also has a fibrous root system that makes it
an excellent choice for preventing erosion, scavenging for nutrients, and building
soil structure.

2.2 Varietal performance and ratings yield

Table 5 gives yield and protein estimates in different parts of the southern region. 26
Growers should be wary when choosing a variety as results can vary year to year.
Long term comparisons for triticale varietal performance are yield are limited.

Table 4: 2015 triticale yield (as a percentage of the site mean yield) and protein
(%). In all trials except Yarrawonga there were multiple frosts and extreme heat
conditions. Interpret data with caution.

Protein (%)

South West Mallee North East South West
Yarrawonga Streatham  Ultima  Walpeup Rutherglen Yarrawonga Streatham
/515 15/5/15
107 15 12.4 n.3 - 12.5 14.9
102 98 13.4 12.4 9.9 14.4 16.2
13 10 12.5 n.2 9.3 13.4 15.5
108 105 131 M 95 13.2 14.6
109 99 137 17 9.6 14.4 16.2
104 — 1.9 n7 9.9 127 -
92 - - - 10.0 137 -
106 16 12.5 1.3 9.4 13.6 14.4
95 93 13.3 n7 97 13.4 171
91 107 13.4 1.3 9.5 13.6 16.5
98 85 14.0 1.6 91 13.6 17.3
- - 12.4 12.0 - - -
91 73 12.8 127 10.0 14.4 17.0
86 94 13.3 12.0 101 14.0 15.8
86 85 - - 9.8 12.9 16.4
89 93 13.4 1.9 95 13.5 159
- 74 - - - - 16.0
2.25 3.08
8 7
13 N

Source: Agriculture Victoria

26 Agriculture Victoria (2016) Triticale [download)]. In Victorian winter crop summary. Agriculture Victoria, http://agriculture vic.gov.au/
agriculture/grains-and-other-crops/crop-production/victorian-winter-crop-summary
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Table 5: Agronomic and disease characteristics of triticale varieties.
Variety Origin Purpose Rainfall zone and Height Maturity Head Stripe CCn Pratylenchus Pratylenchus
environment Type Rust Resistance neglectus thornei
/ Tolerance Resistance/ Resistance /
Tolerance Tolerance
Chopper® SA Grain Suited to late S-M Very E W/ MSS R - -
sowing Awned
Berkshire® NSW  Grain T E-M W/ MS - - -
Awned
Bison® SA Dual T E-M W/ R MRA - - -
Purpose Awn
Bogong® NSW  Grain M-T M W/ MS MS/T - -
Awned
Canobolas® NSW  Grain M-T M W/ MSS - - -
Awned
Fusion® SA Grain M-T M W/ MSS R - -
Awned
Goanna SA Grain T E-M W/ MRMS” R - -
Awned
Hawkeye®  SA Grain M-T M W/ MR* R - -
Awned
KM10 SA Grain M-T E-M W/ R MR~ S - -
Awn
Jaywick® SA Grain _ M-T M W/ MR* R - -
g Awned
Rufus NSW  Dual 2 T M W/ R MRMS R/T MRR/MT MRR/MT
Purpose Awn
Tahara VIC Grain © T M W/ MS R/T MRR/MT R/MT
= Awned
Yowie SA Grain 2 M-T M W/ MRMS R - -
6}
=i Awned
Endeavour® NSW  Dual Suits long g - L W/R R R - -
Purpose season, £ Awn
high rainfall o
o
Tuckerbox ~ SA  Dual (450mm¥) @ g M W/R MR R - -
Purpose environments = A
as a grain %
crop ‘T
Yukuri NSW  Dual c - M-L W/ R RMR S - -
Purpose =) Awn
T

Height: S = Short, M = Medium, T = Tall.
Maturity: E = Early, M = Mid, L = Late.

Disease resistance: S = Susceptible, MS = Moderately Susceptible, MR = Moderately Resistant, R = Resistant. (*some Susceptible plants in
mix, Mlimited data

Disease tolerance: T = Tolerant, MT = Moderately Tolerant.

Note that all recommended varieties are MR-R to stem and leaf rust, yellow leaf spot, mildew and scald. All varieties are S to crown rot and
MS to common root rot.

Source: PIRSA

2.21 Varieties
New: Astute®

Astuted is a new, mid-season triticale that is an alternative to Hawkeye® Bison® It
was bred by AGT (as TSA0466), was first listed in 2015 and was available to growers
in 2016. It is a fully-awned variety suited to medium—high-yielding environments, and
with excellent agronomic characteristics for grain production. It is rated:

. stem rust—RMR
. stripe rust—RMR#
. leaf rust—RMR

D
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AGT’s aim was to produce a very high-yielding triticale which would be the choice for
growers looking to maximise the production from their triticale crops in high-potential
environments. Astute®® combines broad adaptation, resistance to rust and CCN, good
physical grain quality, and top-end yield capabilities.

Astute is suited to high yield potential areas of NSW and Victoria, with a very similar
flowering time to Hawkeye® and Fusion®.

Berkshire®

Berkshire® is a mid-season, awned variety with good straw strength. It is rated:
«  stemrust—R

. stripe rust—MRMS#

. leaf rust—R.

This variety has been purpose bred for high yield and feed quality traits for

pigs by the University of Sydney and Pork CRC; it was registered in 2009. Its
characteristics are:

. Improved ileal digestible energy—13 MJ/kg compared to Tahara at 12 MJ/kg.
+  Reduced fibre content—5% to 10% less than Tahara.

. Excellent yield—equivalent to best grain-only varieties currently available.

. Good straw strength.

«  Quick to mid-season maturity.

. Moderately resistant to WA and Jackie strains of stripe rust.

New: Bison®

An early- to mid-season reduced-awn variety, Bison® is best suited to low—medium-
yielding environments. It was intended as a replacement for Rufus. It is rated:

«  stem rust—RMR

. stripe rust—R#

. leaf rust—RMR

. CCN—resistant.

Its characteristics are:

. Early-mid maturing, feed quality triticale.

. Tall plant type, with reduced awns and excellent disease resistance.

. Suited to central western NSW, southern NSW, northern Victoria, and SA.

. Moderately resistant to yellow leaf spot, and resistant—-moderately resistant to
Septoria tritici blotch.

. Tolerant to acid soils.

Bogong®

Bogong® (tested as H127) was released by the University of New England, Armidale,
in 2008. It is a grain variety with early- to mid-season flowering (similar to Treat). It

is fully awned and stiff-strawed. It has good resistance to all common field strains of
rust. Bogong® has been one of the top-yielding varieties in evaluation trials across
all environments in the seven seasons to 2015, up to 15% above Tahara. It is a widely
adapted spring variety that is moderately susceptible to CCN. %

Canobolas®

This is an early- to mid-season awned variety with stiff straw, shorter than Tahara. it
was bred by the University of New England, and registered in 2009. It is a widely
adapted spring variety and tolerates acid soil. It is rated:

. stem rust—R
«  stripe rust—MRMS#

27  C Jeisman (2015) Triticale variety sowing guide 2015. PIRSA, http://www.pir.sa.qov.au/__data/assets/pdf_file/0003/237909/triticale.pdf
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. leaf rust—RMR.
Chopper®d

Chopper® is an awned, semi-dwarf spring variety which resists lodging in high-
yielding environments; it is significantly shorter than all other currently available
triticale varieties (15% shorter than Tahara). It matures very early: 3—4 days earlier than
Speedee, and 7-15 days earlier than Tahara. It has good grain quality, and performs
best in short growing seasons or late-sowing situations. It is rated:

. stem rust—MR
. stripe rust—MRMS#
. leaf rust—R.

The variety was released in 2010.

Fusion®

Fusion® is a mid-season variety (similar to Tahara), fully awned, grain-only spring
triticale. It has moderate plant height, slightly taller than Hawkeye® and Jaywick®,
and similar height to Rufus. It yields well in dry or sudden finishes. It is rated:

«  stemrust—R

«  stripe rust—RMR#

. leaf rust—R

. CCN—resistant.

It was released in 2012. Fusion® produces large grain with low screening losses.
Hectolitre weight is similar to that of Hawkeye® and Jaywick®, the benchmark

varieties for this attribute. Its desirable sowing time is similar to Hawkeye® and
Tahara. Fusion® is a fully awned triticale variety. It was released in 2012.

Goanna

Goanna is an early- to mid-season, fully awned, grain-only spring triticale, with a
similar heading time to Treat, Tickit, Rufus and Hawkeye(® It is a tall, white-chaffed
variety. It is rated:

+  stemrust—R

. stripe rust—RMR#
. leaf rust—R

. CCN—resistant.

It was released in 2011.

KM10

KM10 is a fast-growing early- to mid-season awned variety. It has excellent early
forage production in all rainfall zones. It tends to have a smaller grain, and is ideally
suited to grain production in short-season environments. It is rated:

+  stemrust—R

. stripe rust—R#

«  —leaf rust—MRMS
. CCN—susceptible.

It was released in 2014.

Tahara

A variety that has been widely grown for many years because of its reliability across
a range of environments, Tahara is now outclassed by newer options. It may lodge in
high-yielding situations. Tahara is suited to most districts with rainfall up to 550 mm.
It is rated:

. stem rust—R
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. stripe rust—MRMS#

. leaf rust—R

. CCN—resistant

. root-lesion nematode-resistant.

Its resistance makes it a valuable disease-break option. Released 1987 by the

Victorian Department of Agriculture, Tahara has long been the benchmark variety for
use in cereal rotations in most districts up to 500 mm average annual rainfall.

Yowie

Yowie is a medium to tall mid-season spring grain triticale that has slightly later
heading than Tahara. It is fully awned and white-chaffed. It is rated:

«  stemrust—R

. stripe rust—MR#

. leaf rust—R

. CCN—resistant.

It was released in 2010, and has shown similar yield performance to other triticale
varieties in the National Variety Trials.

Hawkeye(®

Hawkeye® (tested as TSA0108) was released by AGT in 2007, and is a broadly
adapted, mid-maturing variety with high yield potential. It produces large grain with
low screenings (similar to Tahara) and good test weight (like Treat), and is considered
to be a high-yielding alternative to Tahara. It has CCN resistance, and good resistance
to all rusts, making it a good alternative to Kosciuszko.

Jaywick®

Jaywick® (tested as TSA0124) was released by AGT in 2007 and is a broadly
adapted, mid-maturing variety with high yield potential. It produces large grain with
low screenings and good test weight. It is considered a slightly earlier, higher-yielding
alternative to Tahara. It has CCN resistance, and moderate to good resistance

to all rusts.

2.2.2 Dual-purpose triticales

These varieties can be grazed early and then allowed to produce grain or cut for hay.

Endeavour®

Endeavour® is a long-season variety with similar maturity to Breakwell®. It is semi-
awnless and has good straw strength, with excellent dry-matter production and
excellent grain recovery after grazing. It is rated:

. stem rust—R
. stripe rust—RMR#
. leaf rust—R.

It was registered in 2008.

Rufus

Rufus is a mid-season-maturing variety, with a tall growth habit and reduced awns,
making it favoured for hay production. Grain yields in higher-rainfall regions have
been superior to Tahara, but may also cause lodging. It is rated:

«  stemrust—R

. stripe rust—MRMS#
. leaf rust—R

. CCN—resistant.
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It was released in 2005 by the University of New England.
Tobruk®

With a strong winter habit Tobruk® is a dual-purpose triticale, or a long-season
grain-only variety with excellent grain yield. This variety, which was released in 2007,
flowers earlier than Breakwell® and Endeavour®. It is rated:

. stem rust—R
. stripe rust—MR#
. leaf rust—R.

Its characteristics are:

. Seedling susceptible, but adult plant resistant to the Jackie strain of stripe rust.
. In some environments, it is affected by stripe rust head infection.

. Strong winter habit.

. Excellent yield after grazing compared to all other varieties in the NSW mixed
cereal trials.

. Easy threshing.

Tuckerbox

Tuckerbox is a late-medium season, tall, high-tillering variety. It is a reduced-awn head
type, and may be grown for forage or grain. It was released in 2009. It is rated:

«  stemrust—MR

. stripe rust—MR#
. leaf rust—R

. CCN—resistant.

Yukuri

Yukuri was bred by the University of New England in 2004, and is a late-medium
season variety and a reduced-awn head type. It is suitable for forage and grain
production in environments with 450 mm-+ rainfall. It has very good rust resistance,
but is susceptible to CCN.

As triticale is a minor crop in Australia there is limited long term trial information
available about the above vareties from NVT trials across the southern region.

2.3 Planting-seed quality

Before determining seed-sowing rates, seed-germination levels need to be known.
For purchased seed this will be stated on the bags supplied. For home-grown seed,
the percentage likely to germinate can be simply estimated by moistening the seed
in blotting paper on a saucer, and covering with another, inverted saucer. The seed
should be kept warm (20°C) and moist for 10 days. After that period, the percentage
of seeds that have germinated can be recorded, and used as a guide for planting.
Seed with approximately 90% germination or more is suitable for sowing. Seed
produced in cooler tableland environments may tend to have poorer germination
levels than seed produced in warmer regions, hence the need to check the
germination rate. 28

To receive the most accurate seed germination estimate, a professionally conducted
seed test should be conducted by an accredited laboratory.

Heat damage in seeds causes slower germination, delayed emergence of the
primary leaf, stunted growth, or even termination of the germination process (Photo
4). 2° In severe cases, seeds may die. During bulk storage, areas of excessive

28 RS Jessop, M Fittler (2009) Appendix 1. Triticale production manual: an aid to improved triticale production and utilisation. In J Roake,
R Trethowan, R Jessop, M Fittler, Improved triticale production through breeding and agronomy. Pork CRC, http://www.apri.com.
au/1A-102 Final Research Report .pdf

29 Grain SA (2012) Factors affecting wheat seed germination. Grain SA, http:/www.grainsa.co.za/factors-affecting-wheat-seed-germination
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moisture can lead to the formation of microbe-induced ‘hot spots’ and since moisture
moves from hotter to cooler areas, further local heating is caused, setting off a
chain reaction.

Photo 4: Normal seed (left) compared to heat-damaged seed (right). Note the
distinct colour difference.

Source: Grain SA

Seed impurities can occur from contamination through harvest, storage and
machinery. Measurement of seed impurity will be included in a seed-purity certificate.
Varieties that have been retained for multiple generations have a greater risk of seed
impurity, with the build up of multiple chances for contamination. Ensuring that seed
comes from clean, pure and even crops is imperative, and even so seed-purity tests
should be carried out. Growers should conduct paddock audits prior to harvest to
establish which paddocks best meet these criteria.

With dramatic increases in herbicide resistance, growers need to take seed purity
into account when selecting paddocks for seed. This is because ryegrass and black
oats now frequently appear in harvested grain samples, and have the potential to
infest otherwise clean paddocks. 3°

2.31 Seed size

Seed size is an important physical indicator of seed quality that affects vegetative
growth and is frequently related to yield, market grade factors and harvest efficiency.
A wide array of different effects of seed size has been reported for seed germination,
emergence, and related agronomic aspects in many crop species. 3 Generally, large
seed has better field performance than small seed. Triticale has the largest seed size
of all common small-grained cereal crops (Photo 5). 32

In triticale, higher germination and emergence has been noted with bigger seed size.
Large seeds show a higher emergence potential than smaller seeds (Photo 6). Larger
seeds are capable of emerging from greater planting depths and have shown an
enhanced ability to penetrate ground cover and survive burial by litter. 33

30 S Simpfendorfer, A Martin, M Sutherland (2012) Seed impurity undermines stripe rust resistance. 16th Australian Agronomy Conference,
http://www.regional.org.au/au/asa/2012/disease/8325 simpfendorferhtm#TopOfPage

31 DAFWA (2014) Diagnosing poor quality seed in canola. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-poor-quality-seed-
canola

32 Agriculture Victoria (2016) Triticale [download]. In Victorian winter crop summary. Agriculture Victoria, http://agriculture.vic.gov.au/
agriculture/grains-and-other-crops/crop-production/victorian-winter-crop-summary

33 S Ambika, V Manonmani, G Somasundaram (2014) Review on effect of seed size on seedling vigour and seed yield. Research Journal
of Seed Science, 7, 31-38.
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Photo 5: Triticale seed (left) is much larger than wheat seed (right).

Source: Alberta Agriculture and Forestry

Large seed Small seed

Photo 6: Plants from small seeds have less vigour and lower yield (right).

Source: DAFWA

Early researchers of triticale found that plants from larger seed were superior in total
germination, seedling dry weight, and in seedling establishment than those from small
seed. Large seed of a given cultivar gave 51% higher field stand, 62% more seedling
dry weight and 37.8% higher grain yield than plants from small seed. ** Note that this
information is from one trial and may not represent all farm situations. Ultimately,

34 UR Bishnoi, VT Sapra (1975) Effect of seed size on seedling growth and yield performances in hexaploid triticale. Cereal Research
Communications, 49-60.
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triticale naturally has good early vigour which gives it advantages over wheat and
barley and an advantage in adverse soils and seasonal conditions.

Early seedling growth relies on stored energy reserves in the seed. Good seedling
establishment is more likely if seed is undamaged, stored correctly, and comes
from a plant that had adequate nutrition. Seed should not be kept when it comes
from paddocks that were rain-affected at harvest. Seed grading is an effective way
to separate good-quality seed of uniform size from small or damaged seeds and
other impurities, such as weed seeds. Seed size is also important: the larger the
seed, the greater the endosperm and starch reserves. Although size does not alter
germination, bigger seeds have faster seedling growth, a higher number of fertile
tillers per plant and potentially higher grain yield.

Seed size is usually measured by weighing 1,000 grains, known as the 1000-grain
weight. Sowing rate needs to vary according to the 1,000-grain weight for each
variety, in each season, in order to achieve desired plant densities. *° To measure
1,000-grain weights, count out 10 lots of 100 seeds, then combine and weigh the
whole lot. When purchasing seed, remember to request the seed-analysis certificate,
which includes germination percentage, and the seed weight of each batch

where available.

For a seed to emerge successfully from the soil, the seed should never be planted
deeper than the coleoptile length. The coleoptile is the pointed, protective sheath
that encases the emerging shoot as it grows from the seed to the soil surface (Photo
7). Coleoptile length is an important characteristic to consider when planting a crop,
especially in drier seasons when sowing deeper to reach soil moisture. Sowing
varieties with short coleoptile lengths too deep can cause poor establishment,
because the shoot will emerge from the coleoptile underground and it may never
reach the soil surface. *®

Coleoptile length is influenced by seed size and several other factors, including
variety, temperature, low soil water and certain seed dressings, such as those with
the active ingredient triadimenol or flutriafol. Trifluralin and several Group B pre-
emergent chemicals can also affect coleoptile length. Growers should read the label
when using any seed-dressing fungicide for wheat, in order to see what affect it may
have on coleoptile length. ¥/

35 NSW DPI District Agronomists (2007) Wheat growth and development. Procrop Series. NSW DPI, http://www.dpi.nsw.gov.au/agriculture/
broadacre-crops/winter-crops/wheat.-barley-and-other-winter-cereals/growth-and-development

36 JPumpa, P Martin, F McCrae, N Coombes (2013) Coleoptile length of wheat varieties. NSW DPI, http://www.dpi.nsw.qov.au/agriculture/
broadacre-crops/winter-crops/wheat.-barley-and-other-winter-cereals/coleoptile-length

37 JPumpa, P Martin, F McCrae, N Coombes (2013) Coleoptile length of wheat varieties. NSW DPI, http://www.dpi.nsw.gov.au/agriculture/
broadacre-crops/winter-crops/wheat.-barley-and-other-winter-cereals/coleoptile-length
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Photo 7: Coleoptile length is important to consider when sowing seed. Varieties
with short coleoptiles cannot be sown deep.

Photo: David L. Hansen, University of Minnesota

2.3.2 Seed germination and vigour

Seed germination and vigour greatly influence establishment and yield potential.
Germination begins when the seed absorbs water, and ends with the appearance of
the radicle. It has three phases:

- water absorption (imbibition)
. activation
visible germination 38

Triticale has excellent vigour due to its hybrid characteristics %, and germination
increases with increasing seed size. Seed vigour affects how well the seed or seed
lot germinates and emerges. Loss of seed vigour is related to a reduction in the
ability of the seeds to carry out all of the physiological functions that allow them to
grow well. This process, called physiological ageing (or deterioration), starts before
harvest and continues during harvest, processing and storage. Seed performance
is progressively reduced due to changes in cell membrane integrity, enzyme activity
and protein synthesis. These biochemical changes can occur very quickly (a few
days) or more slowly (years), the timescale depending on genetic, production

and environmental factors that are not yet fully understood. The end point of this
deterioration is death of the seed (i.e. complete loss of germination).

However, seeds lose vigour before they lose the ability to germinate. That is why
seed lots that have similarly high germination values can differ in their physiological
age (the extent of deterioration) and so differ in vigour and therefore the ability

to perform. 4°

For more information on factors affecting germination, see Section 4: Plant growth
and physiology.

38 NSW DPI Agronomists (2007) Wheat growth and development. Procrop Series. NSW DPI, http://www.dpi.nsw.gov.au/agriculture/
broadacre-crops/winter-crops/wheat.-barley-and-other-winter-cereals/growth-and-development

39 AGF Seeds (2012) Triticale. AGF Seeds, https://agfseeds.com.au/

40 ISTA Vigour Test Committee (1995) Understanding seed vigour. International Seed Testing Association, http://www.seedtest.ora/upload/
pri/product/UnderstandingSeedVigourPamphlet.pdf
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Grain retained for seed from a wet harvest is more likely to be infected with seed-
borne disease. It is also more likely to suffer physical damage during handling,
increasing the potential for disease. Seed-borne disease generally cannot be
identified from visual inspection, and so requires laboratory testing. #

For purchased seed, request a copy of the germination and vigour-analysis certificate
from your supplier. For seed stored on the farm, you can send a sample to a
laboratory for analysis.

While a laboratory seed test for germination should be carried out before seeding so
you can calculate seeding rates, a simple on-farm test can be done in soil at harvest
and during storage:

. Use a flat, shallow, seeding tray (about 5 cm deep). Place a sheet of newspaper
on the base to cover the drainage holes, and fill with clean sand, potting mix
or freely draining soil (Photo 8). 2 Ideally, the test should be done indoors at a
temperature of ¥“20°C or lower.

- Alternatively, lay a well-rinsed plastic milk container on its side and cut a window
in it. Place unbleached paper towels or cotton wool in the container, and lay
out the seeds on this. Moisten and place on a window-sill. Keep moist, and
count the seeds.

«  Randomly count out 100 seeds. Do not discard damaged ones, and sow 10 rows
of 10 seeds at the correct seeding depth. This can be achieved by placing the
seed on the smoothed soil surface and pushing in with a pencil marked to the
required depth. Cover with a little more sand or soil and water gently.

. Keep the soil moist but not wet, as overwatering will result in fungal growth and
possible rotting.

. After 7-10 days, most of the viable seeds will have emerged.

. Count only the normal, healthy seedlings. If you count 78 normal vigorous
seedlings, the germination percentage is 78%.

. Germination of 80% is considered acceptable for cereals.

- Theresults from a laboratory seed-germination test should be used for
calculating seeding rates.

41 GRDC (2011) Saving weather damaged grain for seed, northern and southern regions. Retaining Seed Fact Sheet. GRDC, http://
storedgrain.com.au/wp-content/uploads/2013/06/GRDC_FS _RetainingSeed2.pdf

42 P Matthews, D Holding (n.d.) Germination testing and seed rate calculation. Pulse Point 20. NSW DPI, http://www.dpi.nsw.gov.au/__data/
assets/pdf file/0005/157442/pulse-point-20.pdf

43 GRDC (2011) Saving weather damaged grain for seed, northern and southern regions. Retaining Seed Fact Sheet. GRDC, http:/
storedgrain.com.au/wp-content/uploads/2013/06/GRDC_FS_RetainingSeed2.pdf
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@ MORE INFORMATION

Germination testing and seed rate
calculation

Photo 8: Use can use a pencil or straw to poke holes in a testing tray.

Source: NSW DPI

2.3.3 Seed storage

The aim of storage is to preserve the viability of the seed for future sowing and
maintain its quality for market. A seed is a living organism that releases moisture as
it respires.

Triticale is a softer grain than wheat and barley, which may make it easier to mill for
livestock diets, but also means that it is more susceptible to insect damage in long-
term storage. ** The ideal storage conditions are listed below.

. Temperature <15°C (if possible)—high temperatures can quickly reduce seed
quality and its ability to germinate. This is why germination and vigour testing
prior to planting is so important.

. Moisture control—temperature changes cause air movements inside the silo,
VIDEOS ; . 4 o
carrying moisture to the coolest parts of the seed. Moisture is carried upwards by
convection currents in the air; these are created by the temperature difference
WATCH: Over the Fence: Insure seed between the warm seed in the centre of the silo and the cool silo walls, or vice
versa. Moisture carried into the silo head space may condense and fall back as
free water, causing a ring of seed to germinate against the silo wall.

viability with aerated storage

. Aeration slows the rate of deterioration of seed with 12.5—14% moisture content.
Aeration markedly reduces grain temperature and evens out temperature
differences that cause moisture movement.

. No pests—a temperature of <15°C stops all major grain insect pests from
breeding, arresting activity at all stages of the life cycle so that they cause little or
no damage. #

Trevorx Day |
Riverton, SA . For more information, see Section 13: Storage.

44 Waratah Seed Company (2010) Triticale: planting guide. Waratah Seed Company, http://www.porkcrc.com.au/1A-102_Triticale_Guide
Final Fact Sheets.pdf

45 NSW DPI Agronomists (2007) Wheat growth and development. Procrop Series, NSW DPI, http://www.dpi.nsw.gov.au/__data/assets/
pdf_file/0008/516185/Procrop-wheat-growth-and-development.pdf

D
QQ G R D C PRE-PLANTING 20


http://www.porkcrc.com.au/1A-102_Triticale_Guide_Final_Fact_Sheets.pdf
http://www.porkcrc.com.au/1A-102_Triticale_Guide_Final_Fact_Sheets.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0008/516185/Procrop-wheat-growth-and-development.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0008/516185/Procrop-wheat-growth-and-development.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0005/157442/pulse-point-20.pdf
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0005/157442/pulse-point-20.pdf
https://www.youtube.com/watch?v=8HFilsCnka0
https://www.youtube.com/watch?v=8HFilsCnka0
https://www.youtube.com/watch?v=8HFilsCnka0
https://www.youtube.com/watch?v=8HFilsCnka0
mailto:GrowNotes.South%40grdc.com.au?subject=

JANUARY 2018

GRDC SOUTHERN

GROWNOTES

2.3.4 Safe rates of fertiliser to sow with seed

A productive triticale will require the application of phosphorous (P) and nitrogen
(N) at sowing. Additional nitrogen is likely to be required for maximum dry-matter
production for grazing and grain yield, particularly if the crop has been grazed.

Consider applying 15—-20 kg P/ha at sowing. This is equivalent to 75-100 kg of mono-
ammonium phosphate (MAP) per ha, which will also include 7.5—-10 kg N/ha. A triticale
used for grazing as well as grain production will require significant N. 4

As with most crops, rates of fertiliser application should be based on soil testing and
other historical response information as well as anticipated costs and returns.

Crop species differ in tolerance to N fertiliser applied with the seed at sowing.
Research funded by Incitec Pivot Fertilisers has shown that the tolerance is related to
the fertiliser product (ammonia potential and osmotic potential), the application rate,
row spacing, and equipment used (e.g. disc or tyne), and soil characteristics such as
moisture content and texture. ¥

The safest application method for high rates of fertilisers that contain high amounts of
ammonium is to place them away from the seed by physical separation (for combined
N—phosphorus products) or by pre- or post-plant application (for straight N products).

For fertilisers with a lower ammonium content, e.g. MAP, close adherence to the safe

rate limits set for the crop species and the soil type is advised.

High rates of N fertiliser applied at planting in contact with, or close to, the seed may
severely reduce seedling emergence. If a high rate of N is required, it should be
applied before planting, or at planting but not in contact with the seed (i.e. banded
between and below sowing rows). Rates should be reduced by 50% for very sandy
soil and increased by 30% for heavy-textured soils or if soil-moisture conditions at
planting are excellent.

Nitrogen rates should be significantly reduced when using narrow points and press
wheels or disc seeders. When moisture conditions are marginal for germination,
growers need to reduce N rates if fertiliser is to be placed with, or close to, the seed.

For more information, see Section 5: Nutrition and Fertiliser.

46  Waratah Seed Company (2010) Triticale: planting guide. Waratah Seed Company, http://www.porkcrc.com.au/1A-102_Triticale Guide
Final Fact Sheets.pdf

47 Big N (2014) Nitrogen fertiliser placement and crop establishment. Incitec Pivot Fertilisers, http://bign.com.au/Big%20N%20Benefits/
Nitrogen%20Fertiliser%20Placement%20and%20Crop%20Establishment

48  Farmer Community (2014) Guidelines for suggested maximum rates of fertiliser applied with the seed in winter crops. Fertiliser Facts.
Incitec Pivot Fertilisers, http://farmercommunity.incitecpivotfertilisers.com.au/Guides%20and%20Publications/Fertiliser%20Facts/Urea
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Planting

Key messages:

. Triticale is not usually prone to infection from smuts and bunt. However, it is good
insurance to apply a seed dressing to the grain when it is being graded.

- Triticale generally has a similar sowing time requirement to other cereals, and
should take a priority in the sowing schedule commensurate with its importance
to the overall cropping enterprise. Triticale often suffers more from frost damage
than wheat, hence it should generally be sown later.

. Aim to achieve the same plant populations as for wheat; i.e. set the seeder
25-40% above the setting recommended for wheat, as triticale grain is larger
than wheat grain, and because plants tiller less than wheat.'

. Depending on seed size, triticale should be sown at a seeding rate of
75-100 kg/ha.

. Recommended sowing depth for triticale ranges between 2—-5 cm. 2

Most cultural practices needed for growing triticale can be taken directly from wheat.
These include:

. managing for seedbed preparation

. seeding rate

«  seeding depth

« seeding date

. seeding methods 3

341 Innoculation

Not applicable to this crop.

3.2 Seed treatments

Seed treatments are applied to seed to control diseases, such as smuts, bunts or rust,
and insects. Triticale is not usually prone to infection from smuts and bunt; however,

it is good insurance to apply a seed dressing to the grain when it is being graded.
Stripe rust may be a problem in triticale, and there are now options to treat seed to
provide seedling protection against stripe rust. 4

Fungicide seed dressings are used to protect the triticale crop from seed borne
disease, such as loose smut. This treatment should form an integral part of the
triticale disease management program, and will vary with variety and sowing time. It is
recommended that growers seek local advice. ®

When applying seed treatments, always read the chemical label and calibrate

the applicator. Seed treatments are best used in conjunction with other disease-
management options, such as crop and paddock rotation, clean seed, and resistant
varieties, especially when managing diseases such as stripe rust.

There are risks associated with using seed treatments. Research shows that some
seed treatments can delay emergence by:

. slowing the rate of germination

1 Birchip Cropping Group (2004) Triticale agronomy—2004. http://www.farmtrials.com.au/trial/13801

2 DAFWA (2015) Monitoring sowing depth, Department of Agriculture and Food, Western Australia. https://www.agric.wa.gov.au/mycrop/
monitoring-sowing-depth

3 E Collier, L Oatway (2016) Triticale crop production, Alberta Agriculture and Forestry. http://www1.agric.gov.ab.ca/$department/
deptdocs.nsf/all/fcd10571

4 Agriculture Victoria (2012) Growing triticale. http://agriculture vic.gov.au/agriculture/grains-and-other-crops/crop-production/growing-
triticale

5 Waratah Seed Co Ltd (2010) Triticale: planting guide. http://www.porkcrc.com.au/1A-102_Triticale_Guide Final Fact Sheets pdf
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- shortening the length of the coleoptile, the first leaf and the sub-crown internode

If there is a delay in emergence due to decreased vigour, it increases exposure to
pre-emergent attack by pests and pathogens, or to soil crusting; this may lead to a
failure to emerge. The risk of emergence failure increases when seed is sown too
deeply or into a poor seedbed, especially in varieties with shorter coleoptiles. As the
amount of certain fungicides increases, the rate of germination slows (Figure 1).

100 -

0 g/100 kg

90 75 g/100 kg
150 g/100 kg

80 - 450 g/100 kg

70

60

50 |-

40

30

13 Days after sowing |16 Days after sowing | 29 Days after sowing\

Figure 1: Impact of seed-treatment fungicide on the rate of germination.

Source: NSW DPI based on P Cornish, 1986

Product registrations change over time, and may differ between states and between
products containing the same active ingredient. The registration status for the
intended use pattern in your state must be checked on the current product label
prior to use. ©

3.21 Emergence problems

Caution should be taken in using seed treatment products for smut and foliar disease
control, as they may reduce coleoptile length and cause emergence problems under
some conditions.

Factors other than seed treatments can cause poor seedling emergence. These
include deep sowing, surface crusting, short coleoptile varieties, soil temperatures
and trifluralin.

Sowing too deep is a common cause of emergence problems. The coleoptile, which
surrounds the first leaf until the shoot emerges, protects and guides the shoot as it
grows through the soil. If seed is sown deeper than the length of the coleoptile, the
plant can fail to emerge.

Because coleoptile lengths vary from one variety to another some varieties can
tolerate deeper sowing than others. Coleoptile lengths vary greatly from one batch
of seed to another. The source of seed is often more critical than the variety in
determining coleoptile length. For this and other reasons, farmers should seek to use
the best seed possible.

Most emergence problems occur in heavy clay soils where surface sealing occurs.
Extra care is required when treated seed and/or trifluralin is used in such soils. ”

6 NSW DPI District Agronomists (2007) Wheat growth and development, PROCROP Series, NSW Department of Primary Industries, http://
www.dpi.nsw.gov.au/__data/assets/pdf file/0008/516185/Procrop-wheat-growth-and-development.pdf

7 H Wallwork (2016) Cereal seed treatments 2016, SARDI. http://www.pirsa.gov.au/__data/assets/pdf file/0005/237920/
cerealseedtreat2017_web.pdf
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3.2.2 Fertiliser at seeding

The amount of nitrogen safely placed with the seed will vary depending on soil
texture, amount of seedbed utilisation and moisture conditions. Higher amounts of
nitrogen can be safely applied with the seed if it is a polymerised form of urea where
the nitrogen is released over the period of several weeks. If soil moisture is marginal
for germination, high rates of fertiliser should not be placed with the seed. Both
nitrogen and phosphorous can be banded prior to seeding, but take care to avoid
loss of seedbed moisture and protective crop residue. Place phosphorous with or
near the seed at seeding time or band prior to seeding. ®

3.3 Time of sowing

Triticale generally has a similar sowing time requirement to other cereals and should
take a priority in the sowing schedule commensurate with its importance to the
overall cropping enterprise. Optimum time of sowing depends largely on the variety
being grown (Table 1). Triticale often suffers more from frost damage than wheat,
hence it should generally be sown later.

In the Victorian Mallee, the first two weeks of May are the ideal time to sow triticale,
although the seasonal break often dictates the actual sowing opportunity. For the
Wimmera and north central, mid-to-late May is generally the optimum sowing time.
For north-eastern Victoria, depending on the variety, the whole month of May is
potentially ideal. In the case of a long season variety (e.g. Jackie), sowing in the north-
east can begin from early April. South-western Victoria has a wider sowing window
due to a longer growing season and, depending on the variety, crops may be sown
from early May to late June.

Acting promptly when a sowing window is available has proven critical over many
seasons. Delayed sowing has generally proven costly, although to sow very early
increases frost risk. Triticale appears to be more sensitive to frost damage than
other cereals. Dry sowing for a portion of the crop is an option that has been very
successful, and can be considered for triticale as well as other cereals. °

Long season varieties, such as Endeavour® and Tobruk®, can be sown as early as
mid-February if seasonal conditions (i.e. rainfall) allows. Tobruk¢® should only be sown
this early if it is going to be grazed. Main season varieties, such as the traditional
Tahara and Berkshire®, should be sown at the same time as main season wheat,
during May and early June.

8 Alberta Government (2016) Fall rye production. http:/wwwl.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex1269/$file/117_20-1.pdf

9 Agriculture Victoria (2012) Growing triticale. http://agriculturevic.gov.au/agriculture/grains-and-other-crops/crop-production/growing-
triticale
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Table 1: Triticale time of sowing guide. This table is a guide only and has been
compiled from breeder observations and local departmental agronomists.

MALLEE April May June July

WATCH: GCTV15: Optimal flowering— Berkshire®, Bison(®, > > X X X X X < <

follow up Chopper®, Fusion(®,

KM10, Rufus, Tahara,
Goanna, Yowie

WIMMERA April May June July
Astute®, Berkshire®, > > X X X X X X <
. Bison®, Fusion®, Rufus,
Ui F.-D..-';. VvV Tahara, Goanna, Yowie
= Chopper®, KM10 > > X X X X X X <
NORTH CENTRAL April May June July
WATCH: Over the Fence south: Early éf;ﬁﬁdéuigﬁ' |r§$£|son(b, z XXX X s
sowing protects crops from winter Tahara, Goanna, Yowie
wet Chopper®, KM10 > > X X X < <
NORTH EAST April May June July
Jackie X X X X X X <
Abacus > X X X < <
Astute®, Berkshire®, > X X X <

Bison®, Credit, Fusion®,
Tahara, Goanna, Yowie

Chopper® > X X X <

SOUTH WEST April May June July
Endeavour®, Jackie > X X X X X X < <
Abacus, Prime 322 > > X X X X X X < <

X

Astute®, Berkshire®, > > X X X X < <
Bison®, Credit, Fusion(,

Kosciuszko, Tahara, Tobruk®

>earlier than ideal, X optimum sowing time, < later than ideal but acceptable

Source: Agriculture Victoria

Lodging

Triticale can lodge because of:

- height

. lush growth under conditions of high moisture and fertility
. high seeding rates

Lodging in cereal crops is influenced by structural plant traits as well as environmental
conditions. Lodging in cereals is often a result of the combined effects of inadequate
standing power of the crop and adverse weather conditions, such as rain, wind, and/
or hail. Lodging is also cultivar dependent. For example, a tall, weak-stemmed wheat
cultivar has a greater tendency to lodge than a semi- dwarf cultivar with stiffer straw.
Under conditions of high moisture and nitrogen fertility, semi-dwarf varieties are less
prone to lodging than standard ones. Furthermore, short thick-strawed cultivars resist
lodging better than tall cultivars. ©

Triticale can be prone to lodging, however, earlier seeding appears to reduce this
tendency towards lodging. "

10 Brook H, Nelson M. (2015). Lodging of cereal crops. Alberta Agriculture and forestry. http://wwwi.agric.gov.ab.ca/$department/
deptdocs.nsf/all/crop1271

il E Collier, L Oatway (2016) Triticale crop production, Alberta Agriculture and Forestry. http://www1.agric.gov.ab.ca/$department/
deptdocs.nsf/all/fcd10571
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3.4 Targeted plant population

The range of sowing rates varies with variety and end use (Table 2). Because triticale
grain size is larger than wheat, higher sowing rates are needed to achieve the same
plant density. Sowing rates approximately 20% higher than those for wheat are
recommended (Photo 1). Before determining seed sowing rates, seed germination
levels need to be known. "2

Photo 1: Triticale paddock sown according to targeted plant population.

Source: Liebman M in MCCC

For information on seed quality testing, see Section 2: Pre-planting.

Aim to achieve the same plant populations as for wheat; i.e. set the seeder 25-40%
above the setting recommended for wheat, as triticale grain is larger than wheat
grain, and because plants tiller less than wheat. ®

Table 2: Recommended plant populations for different uses of triticale. ™

Purpose/growing conditions Best sowing rate (kg/ha)

Grain only 60-90
Grain and grazing 100-120
Undersowing pastures 35-45
Irrigation/high rainfall 100-120

12 RS Jessop, M Fittler (2009) Triticale production manual: an aid to improved triticale production and utilisation, in Improved triticale
production through breeding and agronomy, Cooperative Research Centre for an Internationally Competitive Pork Industry. http://www.
apri.com.au/1A-102 Final Research Report .pdf

13 Birchip Cropping Group (2004) Triticale agronomy—2004. http://www.farmtrials.com.au/trial/13801
14 Birchip Cropping Group (2004) Triticale agronomy—2004. http://www.farmtrials.com.au/trial/13801
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Target plant populations for triticale can also vary according to rainfall (Table 3).

Table 3: Plant establishment densities for triticale.

Average rainfall (mm) Planting populations

(plants/m?)
250-350 160-180
350-450 180-200
450-550 200-220

Source: Crop Monitoring Guide (Victoria)—Top Crop Australia (Incitec/GRDC) in GRDC Cereal Crop Growth Stages

Triticale does not tiller well. The desired plant density for triticale is 180 plants/m? up
to 200 plants/m? in high rainfall zones. Depending on seed size this equates to a
seeding rate of 75-100 kg/ha. If sowing is delayed (or if sowing in light, sandy soils),
the higher plant density should be the target. ®

Triticale sown for grazing should be sown at a seeding rate to obtain 150 plants per
m?2, which is the same as grazing wheat. The target population of grain-only triticale
can be reduced to 100 to 120 plants per m?, as for main season grain-only wheat.

APSIM modelling was conducted (using the Agricultural Production Systems sIMulator)
to explore the optimal sowing density of triticale in Mediterranean-type environments.
The tested model was then used to explore management options to maximize
triticale yield. The response to sowing density was cultivar and rainfall-environment
dependent. The simulation analysis indicated there was no yield advantage in higher
sowing densities with a tall cultivar type in high yielding environments, despite its
higher biomass growth rates. The highest yields were achieved at the early sowing
date, at the sowing densities between 100 and 300 plants/m?, in the high rainfall
regions for both short and the tall cultivars. The simulation study suggests that sowing
a short cultivar with a reduced radiation use efficiency but early vigour growth could
increase current yields across different regions, seasons and management options in
the Mediterranean climate.

When sowing triticale as a cover crop (i.e. undersown with pasture), reduce the
seeding rate to approximately 10 to 20% of normal, targeting 15—-30 plants per m2. 7

Plant more weight of triticale seed per unit area than when planting wheat. This is
because triticale has larger seeds than wheat (Table 4).
Table 4: Typical values for characteristics of triticale.
Seeds/kg Volymet(ic Bulk densities
i weight g yme
23,000 65 650 0.65

Source: NSW DPI

Seed size influences plant density, with large seeds requiring a higher sowing rate
than smaller seeds to target the same population. ‘1000 seed weight’ is a measure
of seed size. It should be determined for each seed lot, as results vary depending on
how old the seed is and conditions it has been grown under. ®

Despite the ability to compensate, targeting a variety’s optimum plant density
at sowing makes the most efficient use of water and nutrients. To reach a target

15 Agriculture Victoria (2012) Growing triticale. http:/agriculture.vic.gov.au/agriculture/grains-and-other-crops/crop-production/growing-
triticale

16 S Bassu, S Asseng, F Giunta, R Motzo (2013) Optimizing triticale sowing densities across the Mediterranean Basin. Field Crops
Research 144, 167-178.

17 Waratah Seed Co Ltd (2010) Triticale: planting guide. http://www.porkcrc.com.au/1A-102_Triticale _Guide Final Fact Sheets.pdf

18 K Condon (2003) Targeting optimum plant numbers, NSW Agriculture. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0007/168523/
targeting-optimum-plant-numbers.pdf
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plant population for the environment and seasonal conditions, adjust sowing rates
to allow for:

. sowing date—higher rates with later sowings

. seed germination percentage

. seedsize

. seedbed conditions

- tillage, e.g. no-till

. double-cropping

. soil fertility

- soiltype

- soil moisture and seasonal outlook

. weed seed burden—higher sow rates for increased plant competition, e.g. if
combatting herbicide-resistant ryegrass populations.

TOPCRORP Victoria investigated sowing rates for wheat to achieve target plant
densities using large-scale paddock demonstrations during the 2000 season.
TOPCROP farmer groups established 30 sites across Victoria comparing 75%, 100%,
150% and 200% of the district practice for sowing rate. Initial findings indicated that
poor seeder calibration and a lack of understanding of the influence of grain size has
led to target plant densities not being reached. This highlights the need for sowing
recommendations to be based on target plant densities rather than sowing rates. 2°

3.5 Calculating seed requirements

Key points:

. Plant more weight of triticale seed per unit area than when planting wheat. This
is because triticale has larger seeds than does wheat.

. Adjust seeding rates to achieve targeted plant densities for specific triticale uses
and conditions.

. Keep in mind that optimum seeding rates vary, depending on what the triticale
will be used for.

. Choose and manage seeding rates to achieve target plant stand densities
in the field.

- Triticale has the largest seed size of all common small-grained cereal crops.
Ensure that your seed rate compensates for this.

. Rates are usually adjusted upwards when seeding forage mixtures or inter-
cropped triticale.

. For mono-crop triticale forage production, recommended seeding rates are
usually 25% higher than seeding rates for grain production.

. In two-component forage-crop blends using triticale, one guideline suggests
each component consist of 75% of the normal seeding rate for the individual
components alone. 7'

It is best to calculate the seeding rate using target plant population, germination
percentage and seed count per kilogram, which is specified on the Seed Analysis
Certificate (available on request when you purchase the seed). 2

The desired plant density for triticale is 180 plants/m? up to 200 plants/m? in high
rainfall zones. Depending on seed size this equates to a seeding rate of 75100 kg/

19  NSW DPI District Agronomists (2007) Wheat growth and development, PROCROP Series, NSW Department of Primary Industries, http:/
www.dpi.nsw.gov.au/ _data/assets/pdf file/0008/516185/Procrop-wheat-growth-and-development.pdf

20 A Johnson, M Evans, K Wansink (2001) Challenging sowing rates for wheat to achieve target plant densities, 10th Australian
Agronomy Conference, Australian Society of Agronomy/The Regional Institute Ltd, http://agronomyaustraliaproceedings.ora/images/
sampledata/2001/p/10/johnson.pdf

21 E Collier, L Oatway (2016) Triticale crop production, Alberta Agriculture and Forestry. http://www1.agric.gov.ab.ca/$department/
deptdocs.nsf/all/fcd10571

22 Waratah Seed Co Ltd (2010) Triticale: planting guide. http://www.porkcrc.com.au/1A-102_Triticale_Guide Final _Fact Sheets pdf
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ha. If sowing is delayed, or when sowing on light sandy soils, the higher plant density
should be the target. 2

Within limits, higher seeding rates in triticale lead to:

. higher crop yields

. better weed competition

. earlier maturity

. fewer tillers per plant

«  shorter plant height

Seeding rates should generally be adjusted upwards for:

. large seed size

. low seed germination rate

. deep seeding (not a recommended practice)

. high moisture and yield potential conditions

. heavy textured soils

. rough seedbed

. heavy weed pressure conditions (especially in organic production)

Lower seeding rates may be suitable for dry conditions. Triticale does not tiller
as freely as wheat, and has greater difficulty in compensating for low stand

establishment. Use your own experience to adjust plant density targets to your local
conditions. 24

Because seed sizes may vary depending on production years and variety type,

a fixed quote for the weight of seed needed to sow one hectare is not always an
accurate measure for obtaining a desired plant population per hectare. Note that
triticale has a much larger 1000 kernel weight than do other cereals. Average graded
seed sizes are:

«  large: 24,000 seeds/kg
. medium: 27,500 seeds/kg
« small: 30,000 seeds/kg

The formula in Figure 2 can be used to calculate sowing rates, taking into account:
. target plant density

. germination percentage

. seedsize

. establishment, usually 80%, unless sowing into adverse conditions

To calculate 1000-seed weight:
«  countout 200 seeds

« weightoatleastOlg

. multiply weight (g) by 5 ®

23 Agriculture Victoria (2012) Growing triticale. http:/agriculture.vic.gov.au/agriculture/grains-and-other-crops/crop-production/growing-
triticale

24 E Collier, L Oatway (2016) Triticale crop production, Alberta Agriculture and Forestry. http://www1.agric.gov.ab.ca/$department/
deptdocs.nsf/all/fcd10571

25 P Matthews, D McCaffery, L Jenkins (2014) Winter crop variety sowing guide 2014. NSW Department of Primary Industries, http://www.
dpi.nsw.gov.au/agriculture/broadacre/quides/winter-crop-variety-sowingquide
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1000 seed target plant establishment %
weight (grams) population (/m?) X germination %
____________ X100 =+ 80 X 90

= | Your seedling rate _ _2% _ . kg/ha
1000 seed target plant establishment %
weight (grams) population (/m?) X germination %
____________ X100 =+ o
= |Yourseedlingrate _____. kg/ha

Figure 2: Seeding rate calculator.

3.6 Sowing depth

Optimum planting depth varies with planting moisture, soil type, seasonal conditions,
climatic conditions, and the rate at which the seedbed dries. The general rule is

to plant as shallow as possible, provided the seed is placed in the moisture zone,
but deep enough that the drying front will not reach the seedling roots before leaf
emergence, or to separate the seed from any pre-emergent herbicides used. ¢

Recommended sowing depth for triticale ranges between 2—-5 cm. %

When using triticale as a forage crop, sowing depth will depend on seasonal
conditions, and the species and cultivar being sown. As a general rule, forage cereals
are sown at an average depth of 3—4 cm. Sowing too deep can affect emergence,
and shallow sowing can risk desiccation or damage from herbicide uptake. 28

Triticale seed size is generally bigger than that of commonly grown wheat varieties.
Consequently, triticale can be seeded deeper than other small cereals, and therefore
benefit from stored moisture in the soil, which allows better crop establishment early
in the season, particularly in drought-prone areas. Seeding equipment needs to be
set to account for a seed that may be 10 to 20% larger than wheat.

Seed placement during the sowing process is very important when dealing with
triticale cultivars. Triticale varieties equal—and in many cases exceed—the winter
hardiness of the best wheats, if planted early during autumn and if planted shallowly
(no more than 2.45 cm deep). At this depth, crops should see uniform seedling
emergence and early weed competition. 2°

Shallow seeding allows for:

. more rapid emergence

. early vigour

. improved competition with weeds

26 NSW DPI District Agronomists (2007) Wheat growth and development, PROCROP Series, NSW Department of Primary Industries, http:/
www.dpi.nsw.gov.au/ _data/assets/pdf file/0008/516185/Procrop-wheat-growth-and-development.pdf

27  DAFWA (2015) Monitoring sowing depth, Department of Agriculture and Food, Western Australia. https://www.agric.wa.gov.au/mycrop/
monitoring-sowing-depth

28 Agriculture Victoria (2012) Establishing forage cereals. http://agriculturevic.gov.au/agriculture/dairy/pastures-management/forage-
cereals/establishing-forage-cereals

29 M Mergoum, H Gomez-Macpherson (2004) Triticale improvement and production. FAO Plan Production and Protection Paper 179. Food
and Agriculture Organization of the United Nations. http://www.fao.org/3/a-y5553e/y5553e00.pdf
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Due to its large seed size, triticale is able to emerge from deep seeding. It usually
results in decreased emergence and less plant vigour, however, 3©

Seed size influences coleoptile length, which is sensitive to sowing depth. Sowing
depth influences the rate of emergence and the percentage that emerges. Deeper
seed placement slows emergence; this is equivalent to sowing later. Seedlings
emerging from greater depth are also weaker, more prone to seedling diseases, and
tiller poorly (Photo 2).

Photo 2: Reduced vigour with increased sowing depth.

Source: DAFWA

Recent research has confirmed the importance of avoiding smaller-sized seed when
deep sowing.

Crop emergence is reduced with deeper sowing because the coleoptile may

stop growing before it reaches the soil surface, with the first leaf emerging from

the coleoptile while it is still below the soil surface. As it is not adapted to pushing
through soil (does not know which way is up), the leaf usually buckles and crumples,
failing to emerge and eventually dying. 3

For more information, see Section 4. Plant growth and physiology.

30 E Collier, L Oatway (2016) Triticale crop production, Alberta Agriculture and Forestry. http://www1.agric.gov.ab.ca/$department/
deptdocs.nsf/all/fcd10571
31 NSW DPI District Agronomists (2007) Wheat growth and development, PROCROP Series, NSW Department of Primary Industries, http://

www.dpi.nsw.gov.au/__data/assets/pdf_file/0008/516185/Procrop-wheat-growth-and-development.pdf
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3.7 Sowing equipment

The use of minimum soil disturbance has advantages for the production of triticale.
One study noted a slight yield advantage for triticale grown under zero tillage.
Seeding equipment needs to be set to account for a seed that may be 10 to 20%
larger than wheat. 32

As much as 60% of the final yield potential for a crop is determined at planting.
Seeding too thinly, using poor quality seed, and uneven stands result in end-of-
season yield losses that usually cannot be overcome.

Seeder calibration is important for precise seed placement, and seeders need to be
checked regularly during sowing (Photo 3).

Most growers in the Southern Region use either a knife-point/press-wheel tyne
system or a single disc. Disc seeders can handle greater quantities of stubble

but experience crop damage issues with pre-emergent herbicide use. Tyne
seeding systems do not have the same herbicide safety issues but, in high stubble
load situations, require some form of post-harvest stubble treatment, such as
mulching or burning.

Photo 3: Seeder calibration is important for precise seed placement and seeders
need to be checked regularly during sowing.

Photo: Rohan Rainbow

32 M Mergoum, H Gomez-Macpherson (2004) Triticale improvement and production. FAO Plan Production and Protection Paper 179. Food
and Agriculture Organization of the United Nations. http://www.fao.org/3/a-y5553e/y5553e00.pdf

33 W Thomason (2004) Planting wheat: seeding rates and calibration. Virginia Cooperative Extension, http://www.sites.extvt.edu/
newsletter-archive/cses/2004-10/plantingwheat.html
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Plant growth and
physiology

Key Messages:

Triticale is quite similar to wheat except it has spreading growth until stem
elongation, when the stems extend in the normal erect growth form of wheat. '

Triticale tillers less than wheat.
Germination optimum temperature is 20°C.
Growth optimum temperature is 10-24°C.
Maximum temperature of survival is 33°C.

Though triticale is generally considered tolerant to salt stress, studies have found
that cultivars are slightly less salt tolerant at germination. 2

Since the early development of triticale, its tolerance to drought stress has
increased compared to other cereals.

41 Identifying triticale

The key characters of triticale are (see Table 1):

Emerging leaves are rolled in the shoot.
The leaf blade is flat with a clockwise twist.
It has a short, membranous ligule.

It has auricles.

Seed is a grain similar to that of wheat. 3

It grows to a height of about 1-1.5 m.

The leaves are like those of wheat, but larger and thicker. The spikes are
also larger. *

Hill Laboratories. Crop guide: Triticale. KB item 28750v1. Hill Laboratories, http://www.hill-laboratories.com/file/fileid/34912

LE Francois, TJ Donovan, EV Maas, GL Rubenthaler (1988) Effect of salinity on grain yield and quality, vegetative growth, and
germination of triticale. Agronomy Journal, 80 (4), 642—-647.

HerbiGuide. Triticale. HerbiGuide, http://www.herbiguide.com.au/Descriptions/hg_Triticale.htm; see also HerbiGuide, www.herbiguide.
com.au

Infoagro (n.d.) Triticale growing. Infoagro Systems, http://agriculture.infoagro.com/crops/triticale-growing/

PLANT GROWTH AND PHYSIOLOGY 1


http://www.herbiguide.com.au/Descriptions/hg_Triticale.htm
http://www.hill-laboratories.com/file/fileid/34912
http://www.herbiguide.com.au/Descriptions/hg_Triticale.htm
http://www.herbiguide.com.au
http://www.herbiguide.com.au
http://agriculture.infoagro.com/crops/triticale-growing/
mailto:GrowNotes.South%40grdc.com.au?subject=

GRDC

GROWNOTES

SOUTHERN

JANUARY 2018

Table 1: Main features of triticale.

Plant part
Cotyledons
First leaves

Leaves

Stems

Flower head

Fruit

Description

1

Single, and similar to later leaves
Emerging leaves rolled in the shoot

Blade: parallel sided, flat, clockwise twist when viewed from
above, 30-300 mm long, 10-20 mm wide

Ligule: short membrane
Auricles: present, occasionally with hairs on the shoulders
Sheath: rolled, prominent veins, often bluish-green at the base

Many, unbranched stems arise from base, erect, up to 1,500 mm
tall, hollow with solid nodes

Compact spike, squarish in cross-section, awned (Figure 1) °

Photo 1: vA comparison of flower heads. A: Bread wheat, B:
Cereal rye and C: Triticale.

Source: Palomar College

Grain

5 Photos of some important cereal grains. Wayne’s World. Palomar College, http://waynesword.palomar.edu/ecophi2.htm
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Plant part Description

Seeds Pale brown, dull, elongated oval, wrinkled grain, 8—12 mm long x
2.5—-4 mm wide, 23-36 grains per gram, easily rubbed from the
husks (Figure 2)

~hairs of brush

endosperm
daleurone cell layer

endosperm cells
with starch granules

bran

nucellar tissue
seed coat (testa)

tube cells — &
cross cells 3%
HLARLL (B;:Er;ﬂ?z hypodermis %

epidermis
scutellum s ==

radicle

£ 996 Encyclopaedia Britannica, Inc.
Figure 1: Cross-section of cereal grain seed. This is rye, but
triticale is similar.

Source: Encyclopaedia Britannica
Roots Fibrous 2 ©

Source: Wheat and triticale are difficult to distinguish, since their vegetative characteristics are similar. Removal of the seedling from the soil
and observation of the grain shell may be a means of distinguishing wheat from triticale. Wheat grain shells tend to be lighter in colour than
triticale. Wheat shells are oval; triticale grain shells are oblong. ” In both, the auricles are blunt and hairy, and the leaf sheath and blade hairy
too. The ligule is of medium length. Leaf blades twist clockwise.

4.2 Germination and emergence

Germination begins when the seed absorbs water and ends with the appearance of
the radicle. Germination has three phases:

- water absorption (imbibition)

. activation

- visible germination

The growth stages of cereals are numbered according to the Zadoks scale (see

section 4.4.1).

Phase 1: Water absorption

Phase 1 starts when the seed begins to absorb moisture. This is growth stage 1(GSO01)
in the Zadoks scale. Generally, a seed needs to reach a moisture content of around
35-45% of its dry weight to begin to germinate. Water vapour can trigger germination
as rapidly as liquid can.

Seeds begin to germinate at a relative humidity of 97.7%. Soil so dry that roots cannot
extract water from it still has a relative humidity of 99%, which is much higher than that
of a dry seed. So even in dry conditions there can be enough moisture for the seed
to absorb moisture and begin Phase 1, but it takes longer than in moist conditions.

6 HerbiGuide. Triticale. HerbiGuide, http://www.herbiguide.com.au/Descriptions/hg_Triticale.htm; see also HerbiGuide, www.herbiguide.
com.au

7 Agriculture Victoria (2012) Identification of cereal seedlings. Note AG0O102. Revised. Agriculture Victoria, http:/agriculture vic.gov.au/
agriculture/grains-and-other-crops/crop-production/identification-of-cereal-seedlings
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Phase 2: Activation

Once the embryo has swollen, it produces hormones that stimulate enzyme activity
(GS03). This is Phase 2. The enzymes break starch and protein stored in the seed into
sugars and amino acids, which provide energy to the embryo. The larger the seed,
the more starch, and therefore energy it will have stored. If the seed dries out before
the embryo starts to grow, it remains viable. Phase 2 continues until the rupture of the
seed coat, the first visible sign of germination.

Phase 3: Visible germination

In Phase 3 (GSO5-GS09), the embryo starts to grow visibly. The radicle emerges,
followed soon after by other primary roots and the coleoptile. The enzymes produced
in Phase 2 mobilise sugars and amino acids stored in the seed, and enable their
transfer to the growing embryo. &

Conditions of germination

Triticale cultivation can be carried out in subtropical, moderately mild and moderately
cold climates. Optimal temperatures are:

. for germination, 20°C

. for growth, 10-24°C

In a study comparing the tolerance of cereal seeds to a range of temperatures,
triticale was found to be more sensitive than wheat and barley to germination

temperature. ® Very low temperatures can damage triticale seedling during
germination and emergence (Photo 2). ©

The minimum temperature at which triticale can survive is —=10°C, and the
maximum is 33°C. "

The thermal time to the emergence of the first seedling for triticale has been
recorded at 113—119 degree-days, and 127-130 degree-days for 95% emergence. This
equates to a rate of seedling emergence of 3.3-3.1% seedlings per degree-day (°Cd-1
or thermal time).

Photo 2: Cold-temperature damage in emerging triticale.

Source: Alberta Agriculture and Forestry

8 NSW DPI District Agronomists (2007) Wheat growth and development. Procrop Series. NSW DPI, http://www.dpi.nsw.gov.au/agriculture/
broadacre-crops/winter-crops/wheat.-barley-and-other-winter-cereals/growth-and-development

9 T Buraas, H Skinnes (1985) Development of seed dormancy in barley, wheat and triticale under controlled conditions. Acta Agriculturae
Scandinavica, 35 (3), 233-244.

10  Alberta Agriculture and Forestry (2016) Triticale crop production. Revised. Alberta Agriculture and Forestry, http:/www1l.agric.gov.
ab.ca/$department/deptdocs.nsf/all/fcd10571

il Infoagro (n.d.) Triticale growing. Infoagro Systems, http://agriculture.infoagro.com/crops/triticale-growing/
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Though triticale is generally considered to be tolerant to salt stress, studies have
shown that cultivars are slightly less salt tolerant at germination than they became
after the three-leaf stage of growth. ™ Early researchers found that saline soils could
impair triticale emergence, although the application of calcium sulfate (CaS04) helped
to increase emergence in these conditions.

In one study, researchers found that drought conditions had more negative effects
on triticale germination percentage and seedling growth than sodium chloride.
Germination and seedling growth were higher in large seeds than in small seeds in
control solution and under osmotic stress. In addition, it was observed that seedlings
obtained from larger seeds could survive under more intense conditions than those
that grew from small seeds. ™

Excessive herbicide treatments may also limit germination in triticale. The successive
effect of five herbicide variants (isoxaben, chlorsulfuron, isoproturon, chlortoluron and
a control) on the germination and plant growth of triticale cultivars has been explored.
Germinative energy and germinating power of winter triticale seeds, obtained from
plants treated with herbicide, were generally lower, in particular for the isoproturon
and chlorsulfuron variants.

Aeration of seed during storage can help to ensure high seed viability and
germination rates.

As the first primary roots appear, the coleoptile (Photo 3) bursts through the seed coat
and begins pushing towards the surface. Emergence is when the coleoptile or the
first leaf becomes visible above the soil surface. The coleoptile is well developed in
the embryo, where it forms a thimble-shaped structure covering the seedling tube
leaf and the shoot. Once the coleoptile emerges from the seed, it increases in length
until it breaks through the soil surface. The fully elongated coleoptile is a tubular
structure about 50 mm long and 2 mm in diameter. It is white, except for two strands
of tissue that contain chlorophyll. The end of the coleoptile is bullet-shaped and is
closed except for a small pore, 0.25 mm long, a short distance behind the tip.

12 LE Francois, TJ Donovan, EV Maas, GL Rubenthaler (1988) Effect of salinity on grain yield and quality, vegetative growth, and
germination of triticale. Agronomy Journal, 80 (4), 642—-647.

13 JD Norlyn, E Epstein (1984) Variability in salt tolerance of four triticale lines at germination and emergence. Crop Science, 24(6),
1090-1092.

14 D Kaydan, M Yagmur (2008) Germination, seedling growth and relative water content of shoot in different seed sizes of triticale under
osmotic stress of water and NaCl. African Journal of Biotechnology, 7 (16), 2862.

15 S Stawomir, M Robert (1996) Successive effect of herbicides on triticale seed germination and plant growth. In H Guedes-Pinto, N
Darvey, V Carnide (eds) Triticale: Today and Tomorrow. Springer Netherlands, pp. 743-747.

16 N Baxter (2014) Study finds aeration improves seed germination. Ground Cover. No. 113, November—December. GRDC, https:/ardc.
com.au/Media-Centre/Ground-Cover/Ground-Cover-Issue-113-NovDec-2014/Study-finds-aeration-improves-seed-germination
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Photo 3: Cereal seed germination showing the coleoptile (green) emerging to
reach soil surface.

Source: Crop Gene Bank

When the coleoptile senses light it stops growing and the first true leaf pushes
through the pore at the tip. Up to this point, the plant has been living on reserves
within the seed. " A difference between the coleoptile and the first true leaf is that
the coleoptile knows which way the soil surface is. If it does not reach the surface, the
first leaf may emerge under the soil and grow in any direction. This is one reason that
planting depth is so important.

Optimum planting depth varies with planting moisture, soil type, seasonal conditions,
climatic conditions, and the rate at which the seedbed dries. The general rule is

to plant as shallow as possible, provided the seed is placed in the moisture zone,
but deep enough that the drying front will not reach the seedling roots before leaf
emergence, and to separate the seed from any pre-emergent herbicides used. ®

When shallow seeding, the previous crop’s residue will have a greater tendency to
interfere with good seed-to-soil contact. To enhance quick emergence, it is important
that previous crop residue is evenly spread (Photo 4). Make sure seed-to-soil

contact occurs. ™

17 NSW DPI District Agronomists (2007) Wheat growth and development. Procrop Series. NSW DPI, http://www.dpi.nsw.gov.au/agriculture/
broadacre-crops/winter-crops/wheat.-barley-and-other-winter-cereals/growth-and-development

18 NSW DPI Agronomists (2007) Wheat growth and development. Procrop Series. NSW DPI, http://www.dpi.nsw.gov.au/agriculture/
broadacre-crops/winter-crops/wheat.-barley-and-other-winter-cereals/growth-and-development

19  Alberta Agriculture and Forestry (2016) Fall Rye Production. Agdex 117/20-1. Revised. Alberta Agriculture and Forestry, http://wwwl.agric.
gov.ab.ca/$department/deptdocs.nsf/all/agdex1269/$file/117_20-1.pdf
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Photo 4: Triticale seedlings emerge.

Source: Midwest Cover Crops Council

Sowing depth may influence the rate of emergence and the percentage of seedlings
that emerge. Deeper seed placement may slow emergence if the soil is dry; this is
equivalent to sowing later. Seedlings emerging from greater depth may be weaker
and more prone to seedling diseases, however this is more likely due to unsuitable
temperature, moisture or nutritional conditions (see Photo 5). 2° Crop emergence can
be reduced with deeper sowing because the coleoptile may stop growing before

it reaches the soil surface, with the first leaf emerging from the coleoptile while it is
still below the soil surface. As it is not adapted to pushing through sail (i.e. does not
‘know’ which way is up), the leaf usually buckles and crumples, failing to emerge

and eventually dying. 2 Recent research has confirmed the importance of avoiding
smaller-sized seed when deep sowing.

20 N Poole (2005) Cereal Growth Stages. GRDC, https:/grdc.com.au/uploads/documents/GRDC%20Cereal%20Growth%20Stages%20
Guidel.pdf

21 NSW DPI Agronomists (2007) Wheat growth and development. Procrop Series, NSW DPI, http://www.dpi.nsw.gov.au/agriculture/
broadacre-crops/winter-crops/wheat.-barley-and-other-winter-cereals/growth-and-development
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Photo 5: By the stage of the first unfolded leaf, GS11, there is a noticeable
difference in vigour between a deep-sown seedling (left) and correctly sown
seedling (right).

Source: GRDC

4.21 Soil moisture

Soil moisture influences the speed of germination. Germination is rapid if the soil
is moist. When the soil dries to near the permanent wilting point, the speed of
germination slows. Instead of taking five days at 7°C, the germination speed with
adequate moisture, at the point of permanent wilt, the seed will take 10 days at 7°C
to germinate.

The germination process in a seed may stop and start in response to available
moisture. Therefore, seeds that have taken up water and entered Phase 2, but

not reached Phase 3, remain viable if the soil dries out. This can happen when dry
sowing is followed by a small amount of rain that keeps the soil moist for a few days
before drying out. When the next rain comes, the seed resumes germinating, taking
up water and moving quickly through Phase 2, so that germination is rapid. This
ability to start and stop the germination process before the roots and coleoptile have
emerged is an important consideration when dry sowing. If the seedbed dries out
before the coleoptile has emerged, the crop needs to be monitored to determine
whether it will emerge, so the critical decision to re-sow can be made.

Soil moisture also affects emergence. Sowing into hard-setting or crusting soils that
dry out after sowing may result in poor emergence. The hard soil makes it difficult
for the coleoptile to push through to the surface, particularly in varieties with short
coleoptiles. In some crusting soils, gypsum and/or lime may improve soil structure
and assist seedling emergence.

Stubble reduces the impact of raindrops on the soil surface and helps to prevent
formation of soil crusts. Stubble retention also encourages biological activity and
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increases the amount of organic matter, which improves the stability of the soil by
binding the soil particles together. 22

4.3 Effect of temperature, photoperiod and climate on
plant growth and physiology

4.31 Temperature

One study explored the effect of high temperatures at different growth stages on
triticale. Thermal treatments consistently reduced grain yield (P < 0.05), the magnitude
of the effect ranging between 5% and 52%. The greatest effect (46% yield decrease)
was found when temperature increased during stem elongation, and the least (15%)
when treatments were imposed during heading—anthesis; an intermediate effect
(27%) was found when treatments were imposed during booting—anthesis. Greatest
yield losses were seen when plants were exposed to high temperatures in the
booting—anthesis stage. 23

Temperature can also affect the photosynthesis and respiration rates of triticale,
leading to changes in growth. 2*

High temperatures are known to induce rapid growth which diminishes the cell
pool of metabolites (e.g. amino acids, nitrates, carbohydrates) and therefore
nutritional quality. 2°

4.3.2 Photoperiod

There is limited research into the effects of photoperiod on triticale growth, and
results vary between studies.

Spring is thought to be triticale is insensitive to photoperiod. During the early
stages of triticale breeding, spring types used in northern latitudes tended to be
daylight-sensitive, requiring more than 12 hours of light to initiate the change from
the vegetative state. The development of daylight-insensitive types has greatly
eliminated this problem for the production of triticale at lower latitudes, where day
lengths are short. 26

The developmental responses to temperature and photoperiod of five triticale
cultivars and one wheat cultivar were examined in the field at Werribee, Victoria,

in 1974. Researchers created a range of different photoperiod and temperature
treatments by using six times of sowing and supplemental illumination to provide an
18-hour day length at one of the two sites. The order in which the varieties reached
the various developmental stages changed very little with the successive times of
sowing, but differed when the natural day length was compared with the 18-hour
regime. When the duration of each phase was shortened by a longer mean daily
photoperiod or a higher mean daily temperature, they observed that, in this instance,
photoperiod had a greater effect than the temperature. %’

22 NSW DPI District Agronomists (2007) Wheat growth and development. Procrop Series. NSW DPI, http://www.dpi.nsw.gov.au/agriculture/
broadacre-crops/winter-crops/wheat-barley-and-other-winter-cereals/growth-and-development

23 C Ugarte, DF Calderini, GA Slafer (2007) Grain weight and grain number responsiveness to pre-anthesis temperature in wheat, barley
and triticale. Field Crops Research, 100 (2), 240-248.

24 M Winzeler, DE McCullough, LA Hunt (1989) Leaf gas exchange and plant growth of winter rye, triticale, and wheat under contrasting
temperature regimes. Crop Science, 29 (5), 1256-1260.

25 CM McGoverin, F Snyders, N Muller, W Botes, G Fox, M Manley (2011) A review of triticale uses and the effect of growth environment on
grain quality. Journal of the Science of Food and Agriculture, 91 (7), 155-1165.

26 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http://www.fao.ora/3/a-y5553e/y5553e00.pdf

27  JB Brouwer (1977) Developmental responses of different hexaploid triticales to temperature and photoperiod. Animal Production
Science, 17 (88), 826-831.
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4.3.3 Salinity

Triticale has been found to be a salt tolerant crop. 28 Triticale is thought to be less
salt tolerant that barley, but more salt tolerant than wheat. Studies in the US found
that relative grain yield for triticale cultivars was unaffected by soil salinity up to 7.3
dS/m (electrical conductivity of the saturated-soil extracts in the root zone). Each

unit increase in salinity above this reduced grain yield by 2.8%. These results place
triticale in the salt-tolerant category. Yield reduction was primarily from a reduction in
spike number rather than from lower weight per spike or lower weight per individual
seed. These cultivars were slightly less salt tolerant at germination than they were
after the three-leaf stage of growth. 2°

The affect of salt stress on photosynthetic characteristics
and growth of triticale

Researchers treated six triticale cultivars with sodium chloride (NaCl) in
concentrations of 0.5, 100, 200, 300 mmol/L. After 15 days, they measured
the photosynthetic rate, transpiration rate, stomatal conductance,
intercellular carbon dioxide (CO,) concentration, root length, seedling
height and fresh weight. They found that the 50 mmol/L NaCl process
promoted the photosynthetic rate and the growth of the seedlings.
However, as the concentration of NaCl increased, the net photosynthetic
rate, transpiration rate and stomatal conductance of the seedlings
decreased, the intercellular CO, concentration showed regular changes,
and the growth of seedlings impeded. *°

One study found that the germination of triticale under saline soil conditions could be
improved by applying salicylic acid. *

4.3.4 Drought

Triticale shows some drought tolerance due to its early vigour stemming from its
cereal rye heritage. In Australia, triticale has often been more adaptable to drought
conditions than wheat and barley. In triticale, tolerance to drought stress has
increased with breeding compared to other cereals. =2

A wide range of genotypic variability exists within triticale strains and cultivars show a
wide range of tolerances to drought. =

28 RM Koebner, PK Martin (1996) High levels of salt tolerance revealed in triticale. In H Guedes-Pinto, N Darvey, V Carnide (eds) Triticale:
Today and Tomorrow. Springer Netherlands, pp. 429-436.

29 LE Francois, TJ Donovan, EV Maas, GL Rubenthaler (1988) Effect of salinity on grain yield and quality, vegetative growth, and
germination of triticale. Agronomy Journal, 80 (4), 642—-647.

30 LR Shi, XG Cui, YX Zhu (2009) The effect of salt stress on photosynthetic characteristics and growth of various triticale. Journal of
Hengshui University 2009-04, http://en.cnki.com.cn/Article_en/CJEDTOTAL-HSSZ200904022.htm

31V Ghodrat, MJ Rousta, N Zare (2013) Improving germination and growth of Triticale (x Triticosecale Wittmack) by priming with salicylic
acid (SA) under saline conditions. International Journal of Agriculture and Crop Sciences, 5 (16), 1832.

32 RS Jessop (1996) Stress tolerance in newer triticales compared to other cereals. In H Guedes-Pinto, N Darvey, V Carnide (eds) Triticale:
Today and Tomorrow. Springer Netherlands, pp. 419-427.

33 CM McGoverin, F Snyders, N Muller, W Botes, G Fox, M Manley (2011) A review of triticale uses and the effect of growth environment on
grain quality. Journal of the Science of Food and Agriculture, 91 (7), 155-1165.
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The role of stomatal conductance for water and
radiation use efficiency of durum wheat and triticale in a
Mediterranean environment

Stomatal conductance is important in crop water-use and ultimately affects
crop productivity. Researchers in the Mediterranean-type climate of Italy
tested the stomatal conductance of durum wheat and triticale in different
environments. They compared leaf-transpiration efficiency and water- and
radiation-use efficiency between the two species, giving an indication of
crop productivity in different environments.

A large variation in stomatal conductance was observed between
species. The greater stomatal conductance of triticale before anthesis
did not deplete soil water as there was adequate water available for the
development of dense canopies. The greater radiation-use efficiency of
triticale associated with greater stomatal conductance in pre-anthesis
resulted in greater biomass than durum wheat. Transpiration efficiency of
triticale was also higher at the crop level, in spite of similar transpiration
efficiency at the leaf level.

The greater stomatal conductance of triticale means an advantage in terms
of both water and radiation use efficiency despite typical terminal drought
affecting winter cereal crops in a Mediterranean-type environment. 3

In one experiment, triticale cultivars were subjected to drought during the tillering
phase and the heading phase. The cultivars were able to maintain better leaf
hydration and, therefore, maintain photosynthesis. It is suggested that these

are adaptation mechanisms, acting during drought, which can inhibit the use of
carbohydrates in leaf growth and maintain high osmotic potential of cell sap. ®

34 R Motzo, G Pruneddu, F Giunta (2013) The role of stomatal conductance for water and radiation use efficiency of durum wheat and
triticale in a Mediterranean environment. European Journal of Agronomy, 44, 87-97.

35 T Hura, K Hura, M Grzesiak (2011) Soil drought applied during the vegetative growth of triticale modifies the physiological and
biochemical adaptation to drought during the generative development. Journal of Agronomy and Crop Science, 197 (2), 113-123.

R\
A G R D C PLANT GROWTH AND PHYSIOLOGY 11


mailto:GrowNotes.South%40grdc.com.au?subject=

GRDC SOUTHERN

JANUARY 2018

GROWNOTES

Water stress

Triticale grain yield and physiological response to water
stress

Water availability in semi-arid regions is becoming increasingly threatened
as rains become more erratic and droughts more frequent. This has led to
over-reliance on irrigation in order to meet food demand. Improving crop
Water Use Efficiency (WUE) has become a priority. A two-year study was
carried out four commercial triticale genotypes that were subjected to

four moisture levels, ranging from well-watered (430—450 mm) to severely
stressed (220-250 mm). The triticales were grown under field conditions in
a hot, arid, steppe climate in South Africa. The results showed that moisture
level significantly influenced grain yield and intrinsic WUE in triticale. Well-
watered conditions increased grain yield, which ranged from 3.5-0.8 t/ha-1
in 2013 and 4.9-1.8 t/ha-1in 2014. Intrinsic WUE increased with decreasing
moisture level. The researchers found that flag-leaf photosynthesis and
pre-anthesis assimilates contribute much less carbon to grainfilling under
water stress than previously thought. 3¢

4.4 Plant growth stages

Plant development is divided into several stages: germination and early seedling
growth, tillering and vegetative growth, elongation and heading, flowering, and kernel
development. Numerical scales have been developed for quantifying growth stages
of small-grain crops. A growth stage key provides farmers, advisers and researchers
with a common reference for describing the crop’s development. Management by
growth stage is critical to optimise returns from inputs such as N, herbicides, plant
growth regulators and fungicides.

4.41 Zadoks scale of cereal growth stages

The Zadoks scale marks the growth stages of cereals according to 10 distinct
developmental phases (Figure 2). ¥ Table 2 relates the main features of the earlier
stages of growth with the Zadoks scale. %

The Zadoks system uses a 2-digit code to refer to the principal stages of growth from
germination (stage O) through kernel ripening (stage 9). The second digit represents
a subdivision of the principal growth stages. For instance, 13 indicates that in principal
stage 1 (seedling growth) subdivision 3, when leaves are at least 50% emerged from
the main stem; 75 indicates that in principal stage 7 (kernel development) subdivision
5, the grain is at the medium milk stage.

The principal Zadoks growth stages used in relation to disease control and
nitrogen management are those from the start of stem elongation through to early
flowering, GS30-GS61.

36 L Munjonji, KK Ayisi, B Vandewalle, G Haesaert, P Boeckx (2016) Combining carbon-13 and oxygen-18 to unravel triticale grain yield and
physiological response to water stress. Field Crops Research, 195, 36-49.

37 N Poole (2005) Cereal Growth Stages. GRDC, https:/grdc.com.au/uploads/documents/GRDC%20Cereal%20Growth%20Stages%20
Guidel.pdf

38 P Matthews, D McCaffery, L Jenkins (2016) Winter crop variety sowing guide 2016. NSW DPI, http://www.dpi.nsw.gov.au/__data/assets/
pdf_file/0011/272945/winter-crop-variety-sowing-quide-2016.pdf
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Figure 2: The Zadoks cereal-growth stages.

Source: GRDC
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Crop growth stage
2-leaf stage

Two leaves (L) have
unfolded; third leaf
present, yet to fully
expand

Zadoks decimal code

2 leaves unfolded
(212)

\QAQGRDC

Start of tillering

First tiller (T1)
appears from
between a lower
leaf and the main
shoot. Usually 3 or 4
leaves on the main
tiller.

4 leaves unfolded
(214)

Main shoot and 1
tiller (221)

Table 2: Cereal growth stages.

Tillering stage

Tillers come from
the base where
leaves join the

stem and continue
forming, usually until
there are 5 leaves
on the main shoot.
Secondary roots
developing.

5 leaves on main
shoot or stem (Z15)

Main shoot and 1
tiller (Z221)

Source: NSW DPI

Fully tillered stage

Usually no more
tillers form after the
very young head
starts forming in the
main tiller. Tillering
completed when
first node detected
at base of main
stem.

6 leaves on the
main shoot or stem
(216)

Main shoot and
three tillers (Z23)

Zadoks growth key

Start of jointing

Jointing or node
formation starts at
the end of tillering.
Small swellings
(joints) form at

the bottom of the
main tiller. Heads
continue developing
and can be seen by
dissecting a stem.

First node formed
at base of main tiller
(Z31)

SOUTHERN

JANUARY 2018

Early boot stage

The last leaf to
form, the flag leaf,
appears on top of
the extended stem.
The developing
head can be felt
as a swelling in the
stem.

Z35-745

The main points to understanding the use of the Zadoks scale (see Photo 6) *° are:

- The Zadoks growth stage (GS) key does not run chronologically from GS0O0 to
GS99. For example, when the crop reaches the stage of three fully unfolded
leaves (GS13) it begins to tiller (5S20)—before it has completed the stages of
four, five or six fully unfolded leaves (GS14, GS15, GS16).

. During tillering, it is easier to assess the main stem and the number of tillers
than it is the number of leaves (due to leaf senescence). The growth stage is
determined by the main stem and number of tillers per plant, e.g. GS22 is main
stem plus two tillers up to GS29, the main stem plus nine or more tillers.

. In Australian cereal crops, plants rarely reach GS29 before the main stem starts
to stem elongate (GS30).

« As a consequence of growth stages overlapping it is possible to describe a
plant with several growth stages at the same time. For example, a cereal plant
at GS32 (second node on the main stem) with three tillers and seven leaves
on the main stem would be at GS32, GS23 and GS17 at the same time, yet for
practical purposes would be regarded as at GS32, since this describes the most
advanced stage of development.

. After stem elongation (GS30) the growth stage describes the stage of the main
stem, not an average of all the tillers. This is particularly important when timing
the application of fungicides, e.g. GS39 is full flag leaf on the main stem, meaning
that not all flag leaves in the crop will be fully emerged, and therefore may
harbour infection but not receive spray coverage. “°

39 CRoyo, D Villegas (2011) Field measurements of canopy spectra for biomass assessment of small-grain cereals. InTechOpen. DOI

10.5772/17745, http//www.intechopen.com/books/biomass-detection-production-and-usage/field-measurements-of-cano,

biomass-assessment-of-small-grain-cereals
40 N Poole (2005) Cereal Growth Stages. GRDC, https://grdc.com.au/uploads/documents/GRDC%20Cereal%20Growth%20Stages%20

Guidel.pdf

-spectra-for-
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4.4.2 Germination and early seedling growth

The kernel (seed, or caryopsis), consists of a seed coat surrounding an embryo and
endosperm. The embryo contains the seedling root (radicle), stem, and growing
points of the new grain plant. The endosperm provides nutrients for growth until the
first true leaves emerge and the root system is established. When moisture conditions
are favourable, the seed germinates with the emergence of the radicle and the
coleoptile, the first shoot, which forms a protective sheath around the first four leaves.

The primary root system includes the radicle and roots that develop from stem tissue
near the kernel. It may penetrate the soil up to 30 cm, and provides the developing
seedling with water and nutrients. The primary root system supports plant growth until
tillering, when the secondary root system becomes the main root system of the plant.
The primary roots may persist for the life of the plant and can support some plant
growth through the heading stage. The first secondary roots appear at the tillering
node about 2.5 cm below the soil line at the two- or three-leaf stage. These roots

are always produced at about the same distance below the soil’s surface, regardless
of the depth at which the seed is planted. The secondary root system makes up the
major part of the fully developed plant’s root system.

Root development approaches its maximum at about the boot stage. The ‘boot’ is
the swollen flag-leaf sheath, within which the developing spike is located after being
pushed up as the stem has elongated.

As the seedling’s root system is forming, the coleoptile grows upward and ruptures,
allowing the first leaf to begin unfolding as soon as the coleoptile tip breaks the

soil surface. Emergence usually occurs six to 20 days after sowing, depending on
temperature and moisture. Emergence may be later than 20 days after sowing under
prolonged cold or dry conditions. Initial formation of leaves and stems occurs at the
shoot apex, which is located just below the soil surface.

4.4.3 Tillering and vegetative growth

Branching in small-grain cereals is called tillering (or stooling). Individual branches are
called tillers, and the mass of tillers is the stool. Two to four primary tillers develop
from buds in the crown area of the main stem. Secondary tillers develop from buds in
the axils of leaves at the base of the primary tillers. Tertiary tillers may develop from
buds in the axils of leaves at the base of the secondary tillers.

The number of tillers that form is influenced by plant density (more with low plant
density), soil moisture and nutrient supply (more with high supply), sowing date (more
with early sowing), temperature (more under cooler temperatures), and cultivar. Water
stress, nutrient deficiency, low temperatures, weed competition, and pest damage
during early development reduce the number of tillers.

The emergence of primary tillers is synchronous with the emergence of leaves on

the main stem of the plant (Photo 6). * The first primary tiller begins developing as

leaf four of the main stem emerges; the second primary tiller begins developing as
leaf five emerges. Subsequent primary tillers begin developing when subsequent

leaves emerge.

Successive tillers develop fewer leaves; flowering and grain development is delayed,
but only slightly, on later-developing tillers. Before the main stem and tillers begin to
elongate, the spikes differentiate. The precursors (primordia) of all florets (flowers with
lemma and palea, the outer bracts) or spikelets (units consisting of several florets on a
thin axis, subtended at the base by two bracts, or glumes) develop at this time.

41 University of Wisconsin (2013) Wheat growth and development. University of Wisconsin, http:/corn.agronomywisc.edu/Crops/Wheat/
LOO7.aspx
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Photo 6: Plant parts in relation to growth stage.

Source: University of Wisconsin

4.4.4 Stem elongation and heading

Stem elongation, or jointing, occurs when stem internodes increase in length and
bring the nodes above ground. The uppermost five or six internodes elongate, the
lowest ones beginning first. The appearance of the first node above ground marks
the beginning of jointing. Jointing begins about the time all spikelet primordia have
formed. The flowering structure (inflorescence) of wheat, triticale, and barley is called
a spike. Inflorescences are composed of spikelets, each consisting of one or more
flowers, called florets, at nodes along the spike or panicle.

During stem elongation, the spike increases in length from about 3 mm to its final
size, and individual florets mature. All stages of spikelet development in wheat,
triticale, and barley begin near the middle of the spike and proceed toward the
base and tip.

The last leaf of the small-grain plant to emerge is called the flag leaf. When the flag
leaf blade has completely emerged, the appearance of its ligule (a short membrane
on the inside of the leaf at the junction of the blade and sheath) marks the beginning
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of the boot stage. During this stage, the enlarging spike swells and splits the sheath
of the flag leaf. Heading begins when the spike begins emerging through the collar of
the flag leaf and is complete when the base of the spike is visible.

4.4.5 Flowering and grainfilling

The flowers of wheat, triticale, barley, and oat are self-pollinated; most of the pollen
is shed before the anthers emerge from the florets. Flowering (anthesis, or pollen
shed) usually occurs within two to four days of the spikes completely emerging from
the boot. If emergence occurs during hot weather, flowering may occur while the
spikes are still in the boot. Most cells of the grain endosperm are formed during a
period of rapid cell division following pollination. These cells enlarge and accumulate
starch during grainfilling. Most of the carbohydrate used for grainfilling comes from
the photosynthetic output of the flag leaf. Developing spikelets compete for limited
supplies of photosynthate and nitrogen. The smallest, slowest-growing florets,
which occur at the tip of the spikelet, are often unable to obtain enough nutrients

to keep growing. Some spikelets at the base of the wheat or barley spike also may
fail to develop.

The stages of grain ripening are called milk, soft dough, hard dough, hard kernel, and
harvest ripe (Photo 7). Dry matter begins accumulating in the kernel during the milk
stage. During the early milk stage, a clear fluid can be squeezed from the kernel. By
the time the grains reach the late milk stage, the fluid has turned milky (and can still
be squeezed from the kernel). Most of the dry matter accumulates during the soft-
dough stage. Loss of water gives the kernel a doughy or mealy consistency. At the
end of the hard-dough stage, the kernel reaches physiological maturity, water content
drops to about 30%, and the plant loses most of its green colour. The kernel contents
can be divided with a thumbnail. At the hard-kernel stage, the plant is completely
yellow and water content of the kernel is 20—-25%. The contents of the kernel are
difficult to divide with a thumbnail, but its surface can be dented. When kernel
moisture content has dropped to 13-14%, the grain is harvest ripe. The surface cannot
be dented with a thumbnail. 42

42 Jackson L, Williams J (2006) Small grain production part 2: Growth and developments of small grains. University of California, http://
anrcatalog.ucanr.edu/pdf/8165.pdf
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Photo 7: Stages of cereal-grain ripening from the milk stage (top) to the harvest-
ripe stage (bottom).

Source: Jackson and Williams 2006

4.4.6 Growth of triticale compared to other cereals
Key points:

- Early stages of growth have been found to be shorter in triticale than wheat.
However, the period from grainfilling to harvest in triticale has been found to be
considerably longer than wheat, without leading to a greater 1,000 grain weight.
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- Theyield advantages of triticale come from a combination of a greater number
of ears per square metre and more grains per ear that are filled during a longer
grainfilling period.

. Triticale seed is generally bigger than wheat seed. Consequently, triticale can
be seeded deeper than other small cereals and benefit from stored moisture in
the soil, leading to better crop establishment early in the season, particularly in
drought-prone areas.

. Differences in tillering between triticale and wheat influences management
practices, such as seed rate or amount of fertiliser applied.

One of the advantages of triticale over wheat and barley is its early vigour, which
enables fast crop growth during the first stages of development and a rapid cover of
the soil by the canopy (Photo 8).

Photo 8: Triticale 50 days after emergence.

Source: Midwest Cover Crops Council

Trials in the UK were used to compare triticale and wheat growth. Researchers found
a noticeable difference between the crops in the length of key growth phases. The
growth phase from drilling to GS31 (first node detectable) was, on average, 8.5 days
shorter for the triticale, and from GS31to GS61 (flowering) 1.75 days shorter for triticale
than for wheat. However, from GS61 (grainfilling) to harvest was 10.6 days longer in the
triticale (Figure 3). ¥ The longer grainfilling phase did not confer a greater 1,000-grain
weight (TGW) to the triticale varieties. Instead, this extra time was needed to fill the
greater number of grains per ear that triticale has.

Despite the shorter duration to flowering, triticale formed more biomass during this
phase than wheat. Both triticale varieties formed more biomass than both wheats,

but only for Benetto triticale were the increases significant. This was associated

with both a greater number of stems and greater biomass per stem. The relative
differences between the biomass of the different species at GS61 translated into
differences at harvest, where triticale produced a greater yield. It can be seen that
the yield advantages of triticale come from a combination of a greater number

of ears per square metre and more grains per ear that are filled during a longer
grainfilling period. These are supported by greater biomass that is evident throughout
the season. *

43 S Clarke, S Roques, R Weightman, D Kindred (2016) Understanding triticale. AHDB, https:/cereals.ahdb.org.uk/media/897536/pr556-
understanding-triticale.pdf

44 S Clarke, S Roques, R Weightman, D Kindred (2016) Understanding triticale. AHDB, https://cereals.ahdb.org.uk/media/897536/pr556-
understanding-triticale.pdf
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Figure 3: Length of key growth phases of two triticale varieties (Benetto and
Grenado) and two wheat varieties (Beluga and JB Diego). Results are an average of
two experiments. Plots grown at 180 kg N/ha.

Although triticale has a very large seed, in cooler climates it has been observed in the
early stages of development to be slow-growing compared to other cereal species.
This may be due to the early development of a massive root system at the expense
of early top growth, which is in contrast to the general perception that triticale as a
species is a very robust and competitive crop during its growth in many of its adapted
growing zones. Triticale seed is generally bigger than that of commonly grown wheat
varieties. Consequently, spring triticale can be seeded deeper than other small
cereals and can therefore benefit from stored moisture in the soil, which translates
into better crop establishment early in the season, particularly in drought-prone areas.
Seeding equipment needs to be seed to account for a seed that may be 10-20%
larger than wheat. 4

Spring triticale does not require vernalisation to go from vegetative to reproductive
stages. These types exhibit upright growth and produce much more forage early in
their growth. They are insensitive to photoperiod and have limited tillering. 46

Triticale is thought to tiller less profusely than wheat. There are many differences
between the tillering capacity between varieties of the same cereal type. However,

in general (and assuming a May sowing) barley tillers better than oats, which in turn
tillers better than wheat and this in turn tillers better than triticale. Generally, the
earlier you sow and the higher the nitrogen fertility, the more tillering and tiller survival
to harvest. Varieties with winter habit tend to tiller more, while there are some early
maturing types (wheats in particular) which have limited tillering bred into them.
Tillering can relate to DM yield; sow low tillering varieties at a higher seeding rate for
hay and high tillering types at a lower rate. Similarly, higher sowing rates should be
used when sowing late as tillering is reduced by late sowing. ¥

Significant differences in tillering abilities between triticale and wheat influences
management practices, such as seed rate or amount of fertiliser applied. In early
research, adding nitrogen (N) increased tiller and ear numbers in three cereals
(triticale, wheat and rye), although triticale produced fewer tillers and its response

to N was significantly greater than wheat and rye. Triticale compensated for having
fewer tillers by producing more spikelets per ear and setting more grains per spikelet,
thereby producing more grains per pot than the other two cereals. The average
kernel weights of triticale were also greater than those of wheat and rye. Total water-
use of triticale was less than that of the other cereals, particularly at the higher rates

45 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http://www.fao.ora/3/a-y5553e/y5553e00.pdf

46 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http://www.fao.ora/3/a-y5553e/y5553e00.pdf

47  AgVic. Sowing options for autumn: cereal varieties and other alternatives. http:/agriculturevic.gov.au/agriculture/dairy/pastures-
management/forage-cereals/sowing-options-for-autumn-cereal-varities-and-other-alternatives
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of N. The experiment showed that the yield of triticale was not restricted by less
profuse tillering, and that it was able to compensate for this by producing more grains
per ear and heavier kernels. Restricted tiller production of the cultivar Currency was
associated with lower water use and higher Water Use Efficiency. *®

Triticale flowers earlier than most wheats, but matures at about the same time.

Variation in temperate cereals in rain-fed environments

Barley yields more grain and total biomass than does triticale, which in

turn yields more biomass than do bread wheat, durum wheat and oats
when sown at the same time in rain-fed environments in southern Australia.
Researchers wanted to determine reasons for these differences. They
grew cultivars of each species at five field sites, and measured variation in
their phenology and both pre- and post-anthesis growth.

Barley achieved a higher yield of grain and biomass in a shorter time than
the other species. It reached physiological maturity about 10 days (180
thermal units) before the other species, and also reached double ridge
and anthesis earlier. Triticale was also earlier to reach double ridge and
terminal spikelet than the mean for the other species, although it had a
similar physiological maturity to the wheats. Barley and triticale developed
a greater leaf area and dry mass faster than the wheats and oats. The
differences in leaf area was established from the time the first leaf had
fully expanded. Barley also developed main-stem leaves and tillers faster
than the other species, whereas triticale was slower in this respect. The
rate of crop growth was greatest in barley and triticale up to anthesis, but
no differences between species were found in their relative growth rates.
The growth rate of individual grains and of total grain per unit of ground
area were substantially greater in barley than the other species; oats and
durum wheat were the slowest. Grain growth rate per unit of ground area
was significantly associated with grain yield at one site where this was
examined. The change in stem mass between anthesis and physiological
maturity, which was determined to assess the possible contribution of stem
reserves to grain, was also positively associated with grain yield at the two
sites where it was determined, and more so at the drier site. The change
in stem mass averaged 76 g/m-2 at the two sites, and this represented
25% of the total grain yield. However, the range varied from 13—-39% of
grain yield (corrected for husk mass in barley and oats). The loss in leaf
sheath mass averaged 68 g/m-2 at both sites; this was not associated with
grain yield. #°

Anthesis generally occurs 14 days after apical spikelet emergence for triticale. °

Early triticale researchers explored the physiological maturity in seeds of two
cultivars. Maximum germination, dry weight, and seedling vigour were attained 24
to 26 days after anthesis. Some seeds were capable of germinating eight days after
anthesis. Moisture content decreased slowly from over 78% to 41%, at which time

48  JB Golding (1989) Restricted tillering in triticale cv. currency: an impediment to grain yield? 5th Australian Agronomy Conference, http:/
www.regional.org.au/au/asa/1989/contributed/crop/p1-20.htm

49 C Loépez-Castafieda, RA Richards (1994) Variation in temperate cereals in rainfed environments Il. Phasic development and growth.
Field Crops Research, 37 (1), 63-75.

50 S Tshewang (2011) Frost tolerance in Triticale and other winter cereals at flowering. Master’s thesis. University of New England, https:/e-

publications.une.edu.au/vital/access/manager/Repository/une:8821;jsessionid=C1FFA8964B3A49AD3A44FC3BDO3EA2E?exact=sm
contributor%3A%22Birchall+C%22
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functional maturity was attained. After this stage, the loss of moisture was accelerated
and the seed entered into the ripening phase. ¥

In dry springs, triticale yields are 10-15% below wheat, due to triticale’s longer
grainfilling period. Because of this, grain size may suffer in a hot, dry finish (Photo 9). 52

Triticale

Photo 9: Triticale flowering (left) before grainfill (right).

Sources: left, KT Farmlife; right, Living Crop Museum

51 UR Bishnoi (1974) Physiological maturity of seeds in triticale hexaploid L. Crop Science, 14 (6), 819-821.
52 Birchip Cropping Group (2004) Triticale agronomy 2004. Online Farm Trials, http://www.farmtrials.com.au/trial/13801
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Nutrition and fertiliser

Key messages

. In nutrient deficient soils, triticale appears to respond better to applied fertilisers
than other cereals. Triticale has the capacity to survive, utilising trace elements
in soils which would be considered nutrient deficient for any other type of
crop. However, growth and yield of triticale is very responsive to phosphorus
and nitrogen.

. Triticale has higher nutrient uptake efficiency than other crops.

- The nutrition requirements of triticale are similar to wheat. Triticale is very
responsive to high inputs of seed and fertiliser. Adequate fertiliser is needed to
achieve protein levels above 10%.

. Triticale has similar phosphorus and nitrogen requirements as wheat and
responds to most compound fertilisers.

. In South Australia, high rates of fertiliser applied to triticale on sandy country
have resulted in increased yields.

. Southern Australian cropping soils are more likely to be deficient in zinc (Zn),
copper (Cu), and manganese (Mn) than the other trace elements.

- Triticale grows productively on alkaline soils where certain trace elements are
deficient for other cereals.

Triticale has a very extensive root system (Photo 1) and can mine the soil more
efficiently than other cereals where fertility is poor. ' In general, triticale will respond
favourably to cultural practices commonly used for the parental species wheat.
However, it has been found that grain biomass and yield response of triticale are
substantially higher than wheat when given larger increments of nitrogen and
phosphorus inputs. 2

1 Mergoum et al. (2004) In S Tshewang (2011) Frost tolerance in triticale and other winter cereals at flowering.
Master’s thesis. University of New England, https://e-publications.une.edu.au/vital/access/manager/Repository/
une:8821;jsessionid=CO1FFA8964B3A49AD3A44FC3BDO3EA2E?exact=sm_contributor%3A%22Birchall+C%22

2 S Tshewang (201) Frost tolerance in triticale and other winter cereals at flowering. Master’s thesis. University of New England, https:/e-

publications.une.edu.au/vital/access/manager/Repository/une:8821;jsessionid=C1FFA8964B3A49AD3A44FC3BDO3EA2E?exact=sm
contributor%3A%22Birchall+C%22
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Photo 1: Above- and below-ground growth, showing extensive root system.

Photo: Osborne Seed Company Variety Trials

5141 Declining soil fertility

The natural fertility of cropped agricultural soils in Australia is declining over time.
Grain growers must continually review their soil-management programs to ensure the
long-term sustainability of high-quality grain production (see Photo 2). 3 Pasture leys,
legume rotations and fertilisers all play an important role in maintaining the chemical,
biological and physical fertility of soils.

Although crop rotations with grain legumes and ley pastures help maintain and
improve soil fertility, fertilisers remain the major source of nutrients to replace those
removed by grain production. Fertiliser programs must supply a balance of the
required nutrients in amounts needed to achieve a crop’s yield potential. The higher
yielding the crop, the greater the amount of nutrient removed.

3 Joint FAO—IAEA Programme (n.d.) Crop nutrition: resilience to harsh environments. Joint FAO—IAEA Programme, http//www-naweb.

iaea.org/nafa/swmn/topic-crop-nutrition.html
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Photo 2: Without adequate effort to maintain the fertility of the soil, cereal plants
will struggle, such as these in an infertile paddock.

Source: Joint FAO-IAEA Programme

Balancing sources of nutrition

The yield of a crop will be limited by any nutrient the soil cannot adequately supply.
Poor crop response to one nutrient is often linked to a deficiency in another nutrient.
Sometimes, poor crop response can also be linked to acidity, sodicity or salinity,
pathogens, or a lack of beneficial soil microorganisms. *

To obtain the maximum benefit from investment, fertiliser programs must provide a
balance of required nutrients. For example, here is little point in applying enough
nitrogen (N) if phosphorous (P) or zinc (Zn) deficiency is limiting yield. To make better
crop-nutrition decisions, growers need to consider the use of paddock records, soil
tests and test strips. This helps to build an understanding of which nutrients the crop
removes at a range of yield and protein levels.

Monitoring of crop growth during the season will assist in identifying factors such as
water stress, P or Zn deficiency, disease, or other management practices responsible
for reducing yield. °

51.2 Fertilisers

Successful fertiliser decisions require robust information about a crop’s likely yield
response to that nutrient in a specific soil type, also taking into account the paddock
history and season. As with most crops, rates of fertiliser application should be based
on soil testing and other historical response information as well as anticipated costs
and returns.

It is also valuable to know the anticipated market for the grain and whether price
gradients may reward higher protein levels. This may warrant extra nitrogen usage. ©

4 DAF Qld (2010) Nutrition management. Overview [of nutrition management]. Department of Agriculture and Fisheries DAF Qld, http://
www.daff.gld.gov.au/plants/field-crops-and-pastures/broadacre-field-crops/nutrition-management/overview

5 DAF Qld (2010) Overview [of nutrition management]. DAF Qld, http://www.daff.qld.gov.au/plants/field-crops-and-pastures/broadacre-
field-crops/nutrition-management/overview

6 Agriculture Victoria (2012) Growing triticale. Note AGO497. Revised. Agriculture Victoria, http://agriculture vic.gov.au/agriculture/grains-
and-other-crops/crop-production/growing-triticale
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Triticale has similar phosphorus and nitrogen requirements as wheat and responds
well to most compound fertilisers. Zinc has also been found a valuable added nutrient
for Mallee sowings. ’

. In South Australia, high rates of fertiliser applied to triticale on sandy country
have resulted in increased yields. &

In trials in NSW, researchers tested the response of triticale varieties to N and P
application. Soil tests indicated marked differences between the years in N and

P status. In 2002, the site had a very low soil N level (2 jug/g nitrate) and a low/
medium level of P (16 g/g available P). The data from the 2004 site indicated

much higher levels of nutrients, 64 pg/g nitrate and 46 ug/g phosphorus. Although
2004 experiment used varieties that have now been largely superseded, the major
findings remain relevant: that, in a high-rainfall region with yield potential levels
above average, the yield responses to N fertiliser of a range of triticale varieties is at
least equal to those for wheat (Table 1). With high yield potential (up to 8 t/ha) triticale
varieties showed up to four times the yield response of the wheat variety Janz. At
lower yields levels (2 t/ha) there were no differences in response between wheat and
triticale varieties.

Table 1: Response of triticale (t/ha) to nitrogen fertiliser. °

Variety 0 nitrogen 50 kg/ha 100 kg/ha Response
nitrogen nitrogen 100 kg/ha
nitrogen
Everest 6.85 7.96 7.98 113
Kosciusko 737 748 8.34 0.97
Tahara 7.96 8.22 8.52 0.56
Janz wheat 6.73 6.99 7.00 0.27

These results indicated that, with low—medium yield expectations, wheat and triticale
appear to show similar responses to additional N fertiliser. In locations with greater
yield potential there is a suggestion that N requirements of triticale varieties exceed
those of bread wheat varieties. The exact amounts of additional N fertiliser applied
will depend on expected grain yields, soil N status, availability of water to the crop,
and the current ratio of N fertiliser prices and crop returns.

Growers need to aim for sufficient soil N to obtain 11.5% protein in triticale, as below
this level both grain yield and protein will be reduced. This aspect of triticale has
been overlooked in the past and often triticale yields have been severely reduced
compared with those in wheat as a result of inadequate N fertiliser application. '©

A productive triticale will require application of P and N at sowing. Additional nitrogen
is likely to be required for maximum dry-matter production for grazing and grain
yield, particularly if the crop has been grazed. Consider applying 15-20 kg P/ha at
sowing. This is equivalent to 75-100 kg MAP per ha which will also include 7.5-10 kg
N/ha. A triticale used for grazing as well as grain production will require significant

N. If targeting 3 t/ha then a minimum of 69 kg N/ha should be applied just to cover
removal. If grazing is also included or soil nitrogen levels are low, additional N should
be applied. Application can be split between sowing and top-dressing after grazing
or during the stem-elongation stage (soon after the Zadoks growth stage 31).

7 Agriculture Victoria (2012) Growing triticale. Note AG0497. Revised. Agriculture Victoria, http:/agriculturevic.gov.au/agriculture/grains-
and-other-crops/crop-production/growing-triticale

8 Birchip Cropping Group (2004) Triticale agronomy 2004. Online Farm Trials, http://www.farmtrials.com.au/trial/13801

9 RS Jessop, M Fittler (2009) Appendix 1. Triticale production manual: an aid to improved triticale production and utilisation. In J Roake,
R Trethowan, R Jessop, M Fittler, Improved triticale production through breeding and agronomy. Pork CRC, http://www.apri.com.
au/l1A-102_Final Research Report_.pdf

10 RS Jessop, M Fittler (2009) Appendix 1. Triticale production manual: an aid to improved friticale production and utilisation. In J Roake,
R Trethowan, R Jessop, M Fittler, Improved triticale production through breeding and agronomy. Pork CRC, http://www.apri.com.
au/1A-102_Final Research Report_.pdf
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Paddocks with a history of legume-dominant pasture or a pulse crop (e.g. lupins, field
peas) tend to have a higher N status than those with a history of grassy pasture or
cereal and canola crops and will not need as much applied N. "

Table 2 ™ lists the concentrations of nitrogen and phosphorous in common fertilisers.
Use this to calculate total quantity of fertiliser to apply. In the example with a
requirement of 69 kg N/ha this could be achieved by applying:

« 100 kg MAP per ha or 10 kg N per ha, plus

« 130 kg urea per ha or 59.8 kg N per ha supplying a total of 69 kg N per ha
for the season.

Table 2: Nitrogen and phosphorous content of common high-analysis fertilisers.

Product Phosphorus Nitrogen

Kg/kg product Kg/100 kg Kg/kg product Kg/100 kg
product product

MAP 2.2 22 1.0 10
DAP 2.0 20 1.8 18
Urea 0 0 4.6 46

Source: Waratah Seed Company

In a field experiment conducted in India, nine combinations of N and P were factorially
randomised with four triticales and one check each of wheat and rye, to investigate
the effect of progressive rates of application (180-300 kg N+P ha[l1) of combined N+P
fertiliser on grain yield and quality. Grain yield, protein content, and values for yield
components significantly increased with increasing combined N+P fertiliser rates

up to 240 kg N+P ha[]1 (200 kg N+40 kg P ha[l1). The response of further increases

in N+P rates gradually diminished, thereafter, despite increasing N and/or P in the
fertiliser combinations. This research revealed the harmful effects of over-fertilisation.
This was thought to be due to a decrease in the activity of the enzyme despite
increasing N and/or P in the fertiliser combinations. *

Application

Application method

Apply by using either gravity feed openers or air drills to the bury the fertiliser in a
sub-surface band 5 cm below or to the side of the seed.

Application considerations

Use higher rates where nitrogen is known to be deficient, when double cropping or
with large amounts of undecomposed stubble.

Rates should be reduced by 50% for very sandy soils and may be increased by 30%
for heavy-textured soils or where soil moisture conditions at planting are excellent.

Rates should be reduced by 50% when planting equipment with narrow slit openers
Crop nutrition: region by region is used, as the concentration of fertiliser around the seed is increased.

Rates may be increased by 50% when using air seeders operating at high pressures
with wide openers. Air seeders spread the fertiliser bands when operating at high
pressures, reducing the fertiliser concentration around the seed. ™

n Waratah Seed Company (2010) Triticale: planting guide. Waratah Seed Company, http://www.porkcrc.com.au/1A-102_Triticale Guide.
Einal Fact Sheets.pdf

12 Waratah Seed Company (2010) Triticale: planting guide. Waratah Seed Company, http://www.porkcrc.com.au/1A-102_Triticale Guide.
Final Fact Sheets.pdf

13 S Moinuddin, MMRK Afridi (1997) Grain yield and quality of triticale as affected by progressive application rates of nitrogen and
phosphorus fertiliser. Journal of Plant Nutrition, 20 (4-5), 593-600.

14 DinoFert (2016) Triticale. DinoFert, http://www.dinofert.com.au/technical-information/plant-nutrition-quide/item/149-triticale
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51.3 Fungi and soil health

Arbuscular mycorrhiza (AMF, previously known as VAM) is a fungus that penetrates
the roots of a vascular plant in order to help them to capture nutrients from the soil.
These fungi are scientifically well known for their ability to take up and transport
mineral nutrients from the soil directly into host plant roots. Approximately 80% of
known plant species, including most economically important crops, have a known
symbiosis with them.

The microscopic fungal fibres vastly extend the root system. They extract water

and nutrients from a large volume of surrounding soil, and bring them to the plant,
improving nutrition intake and growth. A plant’s root system, however big, can never
be as extensive as the network of fungal fibres.

In cropping systems, most plants depend, to varying degrees, on mycorrhizal fungi
to supply them with nutrients such as phosphorus and zinc. (By comparison, saprobic
soil fungi, which colonise and break down organic matter, and do not require a host
plant to complete their lifecycle.) In return, the plant hosts the fungus and supplies

it with carbohydrates. AMF is therefore known as an obligate symbiont. It produces
spores as a means of survival in soil during the absence of a host (e.g. during a clean
fallow) and then germinates and colonise host roots once plants grow again.

This mutually beneficial partnership has existed as long as there have been plants
growing in soil. Unfortunately, these beneficial mycorrhizal fungi are destroyed in the
development of human-made landscapes, resulting vegetation in these environments
to struggle.

AMF levels can be severely reduced by long periods of fallow, such as those induced
by drought. The longer the fallow, the less chance of survival of these spores and
this is the cause of the syndrome that is called long fallow disorder (LFD). Hyphae in
soil or in roots in the soil may also grow to new roots; however, they survive for less
time in the soil than the spores. AMF levels can also be reduced by the growth of
non-host crops.

Primarily, LFD leads to a phosphorus or zinc deficiency of the plant; this can be
overcome by the application of P and/or Zn fertilisers. Having adequate populations
of mycorrhizal fungi present in soils therefore can be beneficial; and in some cases

it is essential for crop growth. Without mycorrhizae, much higher amounts of P and/
or Zn fertiliser are required to attain the same level of productivity as when plants are
supported by AMF.

When reintroduced to the soil, the arbuscular mycorrhiza colonizes the root system,
forming a vast network of filaments. This fungal system retains moisture while
producing powerful enzymes that naturally unlock mineral nutrients in the soil for
natural root absorption.

Maintaining high mycorrhizal populations promotes good crop growth and the
efficient use of P and Zn fertilisers. Many crop species require only half the phosphate
concentration in soil when they are colonised by AMF. ®

In one study, the colonisation of rye roots with arbuscular mycorrhizal fungi was
investigated at two sites, cultivated using conventional or biological-dynamic farming
methods. The AMF infection rate and infected root length were significantly higher
at the biologically-dynamic cultivated site. It was suggested that these differences
are due to several factors, such as the use of fertilisers and agro-chemicals, and the
influence of crop rotation.

15 N B (2009) Mycorrhizae and their influence on P nutrition. GRDC Update Paper. GRDC, https:/grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2009/09/Mycorrhizae-and-their-influence-on-P-nutrition

16 B Sattelmacher, S Reinhard, A Pomikalko (1991) Differences in Mycorrhizal colonization of rye (Secale cereale L.) grown in conventional
or organic (biological-dynamic) farming systems. Journal of Agronomy and Crop Science, 167 (5), 350-355.
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Management to optimise mycorrhizae

If you suspect low numbers of AMF in your paddock:

. Grow crops with low or very low mycorrhizal dependency, e.g. wheat or barley,
as they won't suffer much yield loss but will still increase the AMF inoculum for
following crops.

- Avoid non-mycorrhizal crops, as they will not increase AMF inoculum status.

. If you wish to grow a crop that is highly dependent on AMF (e.g. to get a good
price for your grain), apply high rates of P and Zn fertilisers.

- Adopt zero- or reduced-tillage practices during fallow periods, as this is less
harmful to AMF than frequent tillage.

5.2 Crop removal rates

Each tonne of triticale harvested will remove approximately 23 kg N/ha from the
paddock (Table 3). So, if targeting 3 t/ha then a minimum of 69 kg N/ha should be
applied just to cover removal. If grazing is also included or soil nitrogen levels are
low, additional N should be applied (Table 3). ®

Table 3: Nutrients removed (kg) per tonne of grain production.

Crop type Nitrogen Phosphorus Potassium Sulfur
Wheat 21 3.0 5 1.5
Triticale 21 3.0 5 1.5
Barley 20 27 5 1.5
Oats 17 2.5 4 1.5

Source: Agriculture Victoria

5.3 Soil testing

Key points:

. The range of soil test values used to determine if a nutrient is deficient or
adequate is termed a critical range.

. Revised critical soil test values and ranges have been established for nutrients,
crops and soil class.

« Asoil test value indicates if there is sufficient nutrient supply to meet the
crop’s demand.

. Results from more than 2,200 trials in south-east Australia have been compiled
into a database that can be used to estimate soil test critical values and ranges.

. A value above the critical range indicates there is not likely to be a crop yield
response to added nutrients.

- Avalue below the critical range indicates there is likely to be a crop yield
response to added nutrients.

. Critical ranges for particular crops and soils have been established for a
depth of 010 cm.

. Soil sampling to greater depth (0—60 cm) is considered important for more
mobile nutrients (N, K and S) as well as for pH, salinity and sodicity.

. Use local data and support services to help integrate soil test data into making
profitable fertiliser decisions.

17 N Seymour (2009) Mycorrhizae and their influence on P nutrition. GRDC Update Paper. GRDC, https:/grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2009/09/Mycorrhizae-and-their-influence-on-P-nutrition

18 Agriculture Victoria (2008) Establishing forage cereals. Note AG1269. Revised. Agriculture Victoria, http://agriculturevic.gov.au/
agriculture/dairy/pastures-management/forage-cereals/establishing-forage-cereals
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In south-eastern Australia profitable grain production depends on applied fertilisers,
particularly nitrogen (N) and phosphorus (P), and to a lesser extent, potassium (K),
sulfur (S), zinc (Zn), manganese (Mn) and copper (Cu).

Fertiliser is a major cost for grain growers, so making careful selections of crop
nutrients is @ major determinant of profit. Both under-fertilisation and over-fertilisation
can lead to economic losses, due to unrealised crop potential or wasted inputs.

Before deciding on how much fertiliser to apply, it is important to understand the
quantities of available nutrients in the soil, where they are located in the soil profile
and the likely demand for nutrients in that season.

The values from appropriate soil tests can be compared against critical nutrient
values and ranges; these indicate which nutrients are limiting and which
are adequate.

Soil test critical values advise growers if a crop is likely to respond to added
fertiliser, but without further information, they do not predict optimum fertiliser rates.
When considered in combination with information about target yield, available soil
moisture, last year’s nutrient removal and soil type, soil tests can help in making
fertiliser decisions.

5.31 Why test soil?

Soils are tested for several reasons, but the principal ones are:
- to estimate how much water can be stored,;

. monitoring soil fertility levels;

. estimating which nutrients are likely to limit yield,;

. measuring properties such as pH, sodium (sodicity) and salinity, acidity, or high
levels of boron or aluminium which affect the crop demand as well as the ability
to access nutrients;

«  the occurrence of soil-borne diseases;
. zoning paddocks for variable application rates; and

. as a diagnostic tool, to identify reasons for poor plant performance. Soil test
results are part of the information that support decisions about fertiliser rate,
timing and placement.

To determine micronutrient status, plant tissue testing is usually more reliable. *

5.3.2 Basic requirements

There are three basic steps that must be followed if meaningful results are to be
obtained from soil testing. These are:

1. To use a representative sample of soil.

2. To analyse the soil using the accepted procedures that have been calibrated
against fertiliser experiments in that region.

; ) ) 3. Tointerpret the results using criteria derived from those calibration experiments.
Soil nutrient testing: How to get

meaningful results

As each of these steps may be under the control of a different person or entity, it is
important to use standardised procedures to that results are accurate. For example,
the sample may be taken by the farmer manager or by a consultant agronomist; it is
then sent to an analytical laboratory; and finally the soil test results are interpreted by
an agronomist to develop recommendations for the farmer. 2°

5.3.3 Types of test

Appropriate soil tests for measuring soil extractable or plant available nutrients are:
. bicarbonate extractable P (Colwell-P);

19 GRDC (2014) Soil testing for crop nutrition, southern region. Factsheet. GRDC, www.ardc.com.au/GRDC-FS-SoilTestingS

20 D Loch (n.d.) Soil nutrient testing: how to get meaningful results, https://www.daf.gld.gov.au/__data/assets/pdf_file/0006/65985/Soil-
Nutrient-Testing.pdf
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. diffusive gradients in thin-films (DGT);
. bicarbonate extractable K (Colwell-K);
. KCI-40 extractable S; and

. 2M KClI extractable inorganic N, which provides measurement of nitrate-N
and ammonium-N.

For determining crop N requirement, soil testing can be unreliable. This is because
soil nitrogen availability and crop demand for nitrogen are both highly influenced
by seasonal conditions. Ideally, soil testing for N should be carried out as close to
sowing as possible, allowing for results to be returned.

Other measurements that aid the interpretation of soil nutrient tests include

soil pH, percentage of gravel in the soil, soil carbon/organic matter content, P
sorption capacity (currently measured as phosphorus buffering index, or PBI),
electrical conductivity (EC), and chloride and exchangeable cations (CEC) including
aluminium. ?'

5.4 Plant-tissue testing for nutrition levels

Plant-tissue testing can also be used to diagnose a deficiency or monitor the general
health of the pulse crop.

Of the many factors affecting crop quality and yield, soil fertility is one of the most
important. It is fortunate that producers can manage fertility by measuring the plant's
nutritional status. This is an unseen factor in plant growth—until imbalances become
so severe that visual symptoms appear on the plant. The only way to know whether
a crop is adequately nourished before this stage is to have the plant tissue analysed
during the growing season.

5.41 Plant tissue analysis

Plant-tissue analysis shows the nutrient status of plants at the time of sampling.

This, in turn, shows whether soil nutrient supplies are adequate. In addition, plant-
tissue analysis will detect unseen deficiencies and may confirm visual symptoms of
deficiencies. Toxic levels of nutrients may also be detected. Though usually used as
a diagnostic tool for future correction of nutrient problems, plant-tissue analysis from
young plants will allow a corrective fertiliser application that same season.

Although a plant-tissue analysis can pinpoint the cause of nutritional imbalances,
there is little point in using it if the plants come from fields that are infested with
weeds, insects, or disease organisms, if they are stressed for moisture, or if they have
some physical injury.

Sampling a crop periodically during the season or once a year provides a record of
its nutrient content that can be used through the growing season or from year to year.
Armed with soil-test information and a plant-analysis report, a producer can closely
tailor fertiliser practices to specific soil and plant needs.

Things to do when sampling:

. Sample the correct plant part at the specified time or growth stage.

. Use clean plastic disposable gloves to sample to avoid contamination.

. Sample tissue (e.g. entire leaves) from vigorously growing plants unless
otherwise specified in the sampling strategy.

. Take a sufficiently large sample quantity (adhere to guidelines for each
species provided).

« When troubleshooting, take separate samples from good and poor growth areas.
. When necessary, wash samples while fresh to remove dust and foliar sprays.
. Keep samples cool after collection.

21 GRDC (2014) Soil testing for crop nutrition, southern region. Factsheet. GRDC, www.grdc.com.au/GRDC-FS-SoilTestingS
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. Refrigerate or dry if samples can’t be despatched to the laboratory immediately,
to arrive before the weekend.

. Generally sample in the morning while plants are actively transpiring.

Things to avoid when sampling:

. Avoid spoiled, damaged, dead or dying plant tissue.

. Don’t sample plants stressed by environmental conditions.

. Dont sample plants affected by disease, insects or other organisms.
. Don’t sample soon after applying fertiliser to the soil or foliage.

- Avoid sample contamination by dust, fertilisers, chemical sprays, perspiration
and sunscreen.

- Avoid atypical areas of the paddock, e.g. poorly drained areas.
. Do not sample plants of different vigour, size and age.
. Do not collect from different cultivars (varieties) to make one sample.

. Don’t collect samples into plastic bags as this will cause the sample to sweat and
hasten its decomposition.

. Don’t sample in the heat of the day, i.e. when plants are moisture stressed.
. Don’t mix leaves of different ages. 22

Table 4: Plant tissue requirements for nutrient testing of triticale.

Growth stage to sample Plant part Number required

Seedling to early tillering (GS 14-21) Whole tops cut off1cm 40
above ground

Early tillering to 1st node (GS 23-31) Whole tops cut off1Tcm 25
above ground

Flag leaf ligule just visible to boots ~ Whole tops cut off Tcm 25

swollen (GS 39-45) above ground

Early tillering to 1st node (GS 2131) Youngest expanded 40
blade (YEB) plus next 2
lower blades

Source: Back Paddock Company

5.5 Nitrogen

Key points:

. Nitrogen (N) is needed for crop growth in larger quantities than any
other nutrient.

. Nitrate (NO3-) is the highly mobile form of inorganic nitrogen in both the soil
and the plant.

. Sandy soils in high-rainfall areas are most susceptible to nitrate loss
through leaching.

. Soil testing and nitrogen models will help determine seasonal nitrogen
requirements.

. Some farmers believe that triticale produces more grain under the same amount
of applied nitrogen as wheat and barley. 23

The two forms of soil mineral N absorbed by most plants are nitrate (NO3N) and
ammonium (NHp4N) (Figure 1). 2* In well-aerated soils during the growing season
nitrate becomes the main form of N available for crops as microbial activity quickly

22 Back Paddock Company (n.d.) Back Paddock SoilMate: Guidelines for sampling plant tissue for annual cereal, oilseed and grain
legume crops. Back Paddock Company, http://www.backpaddock.com.au/assets/Product-Information/Back-Paddock-Sampling-Plant-
Tissue-Broadacre-V2.pdf?phpMyAdmin=c59206580c88b2776783fdb796fb36f3

23 GRDC (2006) Triticale. Ground Cover. No. 59, 1 January 2006. GRDC, https:/ardc.com.au/Media-Centre/Ground-Cover/Ground-Cover-
Issue-59/Triticale

24 Soilquality.org. Nitrogen: NSW. Factsheet. Soilquality.org, http://www.soilguality.org.au/factsheets/nitrogen-nsw
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transforms ammonium into nitrate. It is crucial to keep nitrate at an adequate level
because, on one hand, if they are too low crop production will be limited and, on the
other hand, if they are too high environmental pollution can result. The levels of soil
nitrate vary across space and over time. Proper agricultural management needs to
consider both site-specific variations as well as temporal patterns in soil nitrate to
supply optimum amounts from both organic and mineral sources. %
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Figure 1: Principle nitrogen cycling pathways in a mixed cropping/pasture system
(adapted from Peverill et al. 1995).

Source: Soilquality.org

Give particular attention to nitrogen supply. Triticale used for grazing and grain could
use up to 100 kg/ha of N. Consider applying 60—100 kg/ha of N as a topdressing if
soil nitrogen levels are low. Long fallow paddocks following good legume pastures
generally have satisfactory nitrogen levels. They also have the highest yield
potential because of stored moisture and have the greatest potential to respond to
soil nitrogen. Yield increases are likely when nitrogen is applied to paddocks with
low nitrogen status. The contribution of pulse crops and pastures to soil nitrogen
depends on the amount of plant material produced and/or the subsequent grain
yield. The actual amount of soil nitrogen accumulated is highly variable. 2

Triticale has been found to response well to nitrogen application under drought
conditions (Figure 2). %/

25 M Ladoni, AN Kravchenko, GP Robertson (2015) Topography mediates the influence of cover crops on soil nitrate levels in row crop
agricultural systems. PLOS ONE, 10 (11), e0143358.

26 P Matthews, D McCaffery, L Jenkins (2016) Winter crop variety sowing guide 2016. NSW DPI, http://www.dpi.nsw.gov.au/__data/assets/
pdf file/0011/272945/winter-crop-variety-sowing-quide-2016.pdf

27 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http:/www.fao.org/3/a-y5553e/y5553e00.pdf
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Figure 2: Triticale grain yield and straw dry-matter response to nitrogen levels
under drought conditions in Morocco.

Source: Mergoum and Gémez-Macpherson 2004

In trials in Europe, researchers found an N rate of 90-120 kg/ha to be economically
and ecologically optimal for spring triticale. It resulted in the highest (4.81-4.92 Mg/
ha-1) grain yield. %

Additional nitrogen is likely to be required for maximum grain yield, particularly if the
crop has been grazed.

Pre-plant N has been found to increase forage production and produce more boot-
stage triticale biomass. It also tended to increase P uptake, but in some cases, can
reduce P and forage protein concentrations, likely due to plant dilution. 2°

Trials outside Canberra exploring crop management of dual-purpose cereals suggest
that N should be applied at sowing to ensure good early plant growth and to build
up a feedbank. Post-sowing nitrogen application should be left until after grazing: it
should not be applied just before grazing due to the risk of high forage nitrate levels.
High nitrate in forage can lead to nitrite toxicity in grazing livestock, especially under
cool, cloudy conditions. Immediately after grazing finishes, growers may safely apply
50 kg/ha of nitrogen as urea to boost plant recovery. *°

The main commercial triticale varieties are relatively tall compared with newer wheat
varieties, increasing the likelihood of lodging. However, in most of the newer varieties
lodging is not considered a problem. The likelihood of lodging is increased by high
rates of nitrogen fertiliser and under irrigated conditions. *'

Responses of triticale, wheat, rye and barley to nitrogen
fertiliser
Researchers conducted a field experiment at Mintaro, South Australia, on

triticale and three other grains to learn more about how they respond to N
fertiliser. They planted a hexaploid triticale from Mexico and local cultivars

28 D Janusauskaité (2013) Spring triticale yield formation and nitrogen use efficiency as affected by nitrogen rate and its splitting.
Zemdirbyste-Agriculture, 100 (4), 383-392.

29 B Brown (2011) Nitrogen timing for boot stage triticale forage yield and phosphorus uptake. Forage and Grazinglands, 9 (1), 62-67.

30 D Lush (2014) Rules of thumb for grazing cereals. Ground Cover. No. 109, March—April 2014. GRDC, https://grdc.com.au/Media-Centre/
Ground-Cover/Ground-Cover-Issue-109-Mar-Apr-2014/Rules-of-thumb-for-grazing-cereals

31 RS Jessop, M Fittler (2009) Appendix 1. Triticale production manual: an aid to improved triticale production and utilisation. In J Roake,
R Trethowan, R Jessop, M Fittler, Improved triticale production through breeding and agronomy. Pork CRC, http://www.apri.com.
au/1A-102_Final Research Report_.pdf
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of wheat, rye and barley. To each they applied five levels of fertiliser
nitrogen (0, 35, 70, 105 and 140 kg/ha) with four replications.

There was a visually discernible response to nitrogen fertiliser by all four
genotypes from an early stage, and this confirmed by quantitative sampling
at the stages of tillering, anthesis and maturity. Responses in plant dry
weight to 105 kg N/ha were maintained until anthesis, but grain yield only
improved significantly at 35 kg N/ha. Total dry-matter production responses
at maturity to more than 35 kg N/ha were small. The numbers of tillers and
heads were increased by adding nitrogen up to 140 kg/ha for tillering, and
105 kg/ha for heads. Plant height increased with the application of up to

70 kg/ha, but greater amounts of N than this resulted in significant lodging
in both and triticale. For all genotypes, thousand-grain weight decreased
with increasing level of nitrogen supply, while grain and straw nitrogen
increased up to levels of 140 and 105 kg /ha, respectively. Nitrogen supply
had little effect on maturity: plants at O kg/ha and 140 kg/ha of N reached
anthesis less than a day apart. The lack of a significant nitrogen x genotype
interaction in nearly all the data suggests that the triticale is the same as
the traditional cereals in it nitrogen needs.

D
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Triticale consistently out-yielded the other cereals in total dry-matter
production, followed by the rye, wheat and barley in that order. Grain yield
was highest in the wheat and lowest in the rye, the latter also being the
least responsive to nitrogen.

The advantage of the triticale lay in its high grain protein and lysine
content, combined with good yield. 3

5.51 Symptoms of deficiency

Most of the deficiency symptoms listed are based on observations in wheat and other
cereals. Specific information for triticale is limited. Observing these symptoms should
prompt growers to investigate further.

What to look for in the paddock

. Light green to yellow plants particularly on sandy soils or unburnt header or
swathe rows (Photo 3). %

. Double-sown areas have less symptoms if nitrogen fertiliser was applied
at seeding.

What to look for in the plant
. Plants are pale green with reduced bulk and fewer tillers.

. Symptoms first occur on the oldest leaf, which becomes paler than the others
and shows marked yellowing starting at the tip and gradually merging into light
green (Photo 4).

. Other leaves start to yellow, and the oldest leaves change from yellow to
almost white.

«  Leaves may not die for some time.
«  Stems may be pale pink.

. Plants develop more slowly than healthy plants, but maturity is not
greatly delayed.

. Reduced grain yield and protein levels.

32 RD Graham, PE Geytenbeek, BC Radcliffe (1983) Responses of triticale, wheat, rye and barley to nitrogen fertiliser. Animal Production
Science, 23 (120), 73-79.

33 DAFWA (2015) Diagnosing nitrogen deficiency in wheat. DAFWA, https:/www.agric.wa.gov.au/mycrop/diagnosing-nitrogen-deficiency-
wheat
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Photo 3: Nitrogen deficiency on unburnt header row.

Source: DAFWA

Photo 4: Deficient plants are smaller with yellow leaves and fewer tillers.

Source: DAFWA
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What else it could be

Before assuming nitrogen deficiency, eliminate other possible causes of
symptoms (Table 5).

Table 5: Other possible problems of triticale that could be confused for nitrogen
deficiency.

Condition Similarities Differences
Waterlogging Pale plants with Root browning or lack of feeder roots and
oldest leaves most  wet soil
affected
Potassium Pale plants with Differences include more marked leaf-tip
deficiency oldest leaves most  death and contrast between yellow and
affected green sections in potassium-deficient
plants. Tillering is less affected.
Molybdenum Pale, poorly tillered Molybdenum deficiency affects the middle
deficiency plants leaves first and causes white heads,

shrivelled grain and delayed maturity

Source: DAFWA

5.5.2 Managing nitrogen

Key points:

. In environments where yields are consistently greater than 2.5 t/ha, N
applications can be delayed until stem elongation without any loss in yield. In
lower-yielding environments, the chances of achieving a yield response similar
to that achieved with an application at sowing is less.

. Thereis no consistent difference in the response to N between different forms of
N fertiliser.

. In general, increases in grain protein concentration are greater with N
applications between flag-leaf emergence and flowering.

- Volatilisation losses can be significant in some cases: the greatest risk is with
urea, and lower, but still significant, with a solution of urea and ammonium nitrate
(UAN) and ammonium sulphate. 34

Nitrogen fertilisers are a significant expense for broadacre farmers, so optimising

the use of fertiliser will reduce this cost. There are four main sources of nitrogen
available to crops: stable organic nitrogen, rotational nitrogen, ammonium and nitrate.
To optimise plants’ ability to use soil nitrogen, growers should first be aware of how
much of each source there is. The best method of measuring these nitrogen sources
is soil testing.

Deficiency symptoms can be treated with N fertiliser or foliar spray. Note that, when
topdressing on dry, alkaline soils in dewy conditions, there is a risk of volatilisation
loss from urea or ammonium sources of nitrogen. Losses rarely exceed 3% per day. %

Timing of application

Grain-yield improvements are mainly caused by increased tiller numbers and grains
per ear, both of which are determined early in the life of a cereal plant. A sufficient
supply of nitrogen during crop emergence and establishment is critical. Nitrogen-use
efficiency can be improved by delaying fertiliser application until the crop’s roots
system is adequately developed, around 3—4 weeks after germination.

Later nitrogen applications can also have yield benefits by aiding increased tiller
survival, leaf duration and photosynthetic area. However, delaying application
reduces the chance that economic gain from the response to nitrogen will be

34 G McDonald, P Hooper (2013) Nitrogen decision: Guidelines and rules of thumb. GRDC Update Paper. GRDC, https://grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2013/02/Nitrogen-decision-Guidelines-and-rules-of-thumb

35 DAFWA (2015) Diagnosing nitrogen deficiency in wheat. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-nitrogen-deficiency-
wheat
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achieved. An advantage of late applications (once the first node is visible) is that
growers have a better idea of what the yield might be before applying the nitrogen. 3¢

Budgeting

The critical factor in budgeting is the target yield and protein, as crop yield potential
is the major driver of N requirement. As a guide, Table 6 shows the N required for
different yield and protein combinations at maturity and anthesis. ¥ For example, if
you are targeting a 3 t/ha crop at 11% protein, you would need to have about 62 kg N/
ha taken up by the crop by flowering. The amount of fertiliser N required will depend
on your estimate of fertiliser recovery, but if you work on a 50% recovery, you would
need to supply 134 kg N/ha.

Clearly predicting yield during the growing season is crucial to allow growers to
make tactical decisions on N management. Recent experience has shown that
Yield Prophet® can predict yields accurately in mid-August and can assist with N
decisions. 8

Table 6: Nitrogen requirements for cereal crops at different combinations of yield
and grain protein at maturity, and the corresponding N required at anthesis.

Qrain Growth Grain protein (%)
K':,'d (W stage 4 10 1 12 13
kg N/ha
1 Maturity 21 23 26 28 30
Anthesis 17 19 21 22 24
2 Maturity 42 47 51 56 61
Anthesis 34 37 41 45 49
3 Maturity 63 70 77 84 91
Anthesis 51 56 62 67 73
4 Maturity 84 94 103 12 122
Anthesis 67 75 82 90 97
5 Maturity 105 1n7 129 140 152
Anthesis 84 94 103 12 122
6 Maturity 126 140 154 168 182
Yield Prophet® Anthesis 101 12 124 135 146
Source: GRDC

The estimates are based on the assumption that 75% of the total crop N is in the grain
at maturity and that 80% of the total N is taken up by anthesis.

5.6 Phosphorus

Key points:

. Phosphorus (P) is one of the most critical and limiting nutrients in agriculture
in Australia.

. Phosphorous cycling in soils is complex.

. Only 5-30% of phosphorus applied as fertiliser is taken up by the plant in the
year of application.

. Phosphorus fertiliser is best applied at seeding.

36 R Quinlan, A Wherrett (2013) Nitrogen: NSW. Soilquality.org.au

37 G McDonald, P Hooper (2013) Nitrogen decision: Guidelines and rules of thumb. GRDC Update Paper. GRDC, https://grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2013/02/Nitrogen-decision-Guidelines-and-rules-of-thumb

38 G McDonald, P Hooper (2013) Nitrogen decision: Guidelines and rules of thumb. GRDC Update Paper. GRDC, https:/grdc.com.au/
Research-and-Development/GRDC-Update-Papers/2013/02/Nitrogen-decision-Guidelines-and-rules-of-thumb
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. Compared with bread wheats, triticale and rye have been found to be more
efficient in using P at low levels of P supply.

. Triticale has been classified as phosphorus-efficient; i.e., it is higher yielding than
other cultivars under low P supply. It has also been classified as phosphorus-
responsive; i.e. it is higher yielding than other cultivars under high P supply). 3°

After nitrogen stress, phosphorus is the second most widely occurring nutrient
deficiency in cereal systems around the world. 4° Phosphorus is essential for plant
growth, but few Australian soils have enough P for sustained crop and pasture
production. Many soils have large reserves of total phosphorus, but low levels of
available phosphorus. Complex soil processes influence the availability of P applied
to the soil, with many soils able to adsorb or ‘fix’ phosphorus, making it less available
to plants (Figure 3). “' A soil’s ability to fix phosphorus must be measured when
determining requirements for crops and pastures. 42
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Figure 3: The phosphorus cycle in a typical cropping system is particularly
complex, because movement through the soil is minimal and availability to crops is
severely limited.

Source: Soilquality.org

Cereal types and phosphorus use in Waikerie, Murray
Mallee

Crop growth on the flats is typically thicker than on sand hills, but in most
years grain yields are less. Soil P levels (0—10 cm) do not vary markedly
across the different soil types: 19 ppm for soil in the flats, 17 ppm on the
slopes and 11 ppm in the sand hills.

Researchers wanted to test the concept of reducing rates where the crop
is likely to yield lower, and possibly increasing them where the crop is likely
to yield more. GRDC funded a project to investigate this. The researchers
applied different P treatments in 2005 and 2006 to crops on the flats and
in the sand hills. As well, in 2005, thy also tested the value of growing

a different cereal crop on the flats (triticale) compared with the sand

hill (barley).

In 2005, grain yield responses to applied P were greater in the lighter sail
zone (sand hills) than in the heavier soil zone (flats). The most economic
rate for both zones was 3 kg/ha. A higher rate of P (11 kg/ha) increased
grain yield on the lighter soil (Zone 2) more than on the heavier shallow

39 JI Ortiz-Monasterio, RJ Pena, WH Pfeiffer, AH Hede (2002) Phosphorus use efficiency, grain yield, and quality of triticale and durum
wheat under irrigated conditions. In Proceedings of the 5th International Triticale Symposium, Annex, 30 June—5 July. Vol. 30.

40  JI Ortiz-Monasterio, RJ Pena, WH Pfeiffer, AH Hede (2002) Phosphorus use efficiency, grain yield, and quality of triticale and durum
wheat under irrigated conditions. In Proceedings of the 5th International Triticale Symposium, Annex, 30 June—5 July. Vol. 30.

41 Soilquality.org. Phosphorus: Queensland. Factsheet. Soilquality.org, http://www.soilguality.org.au/factsheets/phosphorus-queensland
42 Soilquality.org. Phosphorus: NSW. Soilquality.org.au.
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soil (Zone 1). This is consistent with lower leaf tissue P from the crop on the
sand hill (3,000 mg/kg) than on the flat (3,700 mg/kg).

In this trial the grain yield of triticale was the same on the flats (1.3 t/ha) as
on the sand hill, while the barley grain yield was similar on the flats (1.47 t/
ha) and the sand hill (1.48 t/ha).

In 2006, grain-yield responses of barley and triticale to different rates of P
and N fertiliser were compared for three different zones (flat, slope and hill)
in this paddock. In each zone, two rates were compared, one rate for an
average year and a lower rate.

As in 2005, grain yields were lower on the flats than on the sand hills.
However, in these lower-yielding crops grain yield responses to P and N
were relatively small. In only two cases for triticale (on the flats and in the
hills) did yield increases cover the cost of the extra fertiliser (0.07 t/ha)
within a zone, and in one case (on the slopes) for the barley (0.06 t/ha).

While there has been substantial improvement (e.g. through genetic gains) in

terms of P responsiveness in triticale, there has been little improvement in terms

of phosphorus-use efficiency, i.e. performance in low-phosphorus conditions.
Researchers in Mexico found that triticale was responsive to P applications, with grain
yields in some genotypes almost three times higher in the application of P formulated
as P205 applied at a rate of 80 kg. *

Phosphorus application has also been found to influence triticale growth stages.
One study found that plots treated with phosphorus (90 kg/ha-1) produced more
days to anthesis (126), plant height (114 cm) and leaf area cm? (21) while more days to
physiological maturity (167) was formed by 60 kg P/ha-1. 4

Triticale responds well to phosphorus application under drought conditions
(Figure 4). *6

8r o
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Dry matter
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Figure 4: Triticale grain yield and straw dry-matter response to phosphorus levels
under drought conditions in Morocco.

Source: Mergoum and Gémez-Macpherson 2004

43 A Mayfield (n.d.) SPAO00O3: Improvement of nutrient management through effective use of precision agriculture technologies in the
southern Australian grains industry. Final reports. GRDC, http://finalreports.grdc.com.au/SPAO0003

44 JI Ortiz-Monasterio, RJ Pena, WH Pfeiffer, AH Hede (2002) Phosphorus use efficiency, grain yield, and quality of triticale and durum
wheat under irrigated conditions. In Proceedings of the 5th International Triticale Symposium, Annex, 30 June-5 July. Vol. 30.

45 Blgbal, B Ahmad, | Ullah, AA Khan, S Anwar, A Ali, K Shahzad, S Khan (2016) Effect of phosphorus, sulfur and different irrigation levels
on phenological traits of Triticale. Pure and Applied Biology, 5 (2), 303-310.

46 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http:/www.fao.org/3/a-y5553e/y5553e00.pdf
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Another study found that, under field conditions, triticale presented higher grain yield
response to P than seven wheat cultivars did. ¢/

A study in south-western Australia found that on an acidic soil, triticale required from
50-70% less P than wheat, but on less acidic soil it required 100% more P. 4

In many soils of south-eastern Australia, P application has good residual value.
However, if not applied for five to 10 years, even those soils with excellent fertiliser
history are likely to develop a P deficiency.

In sandy soils P has a tendency to leach out of the soil. Sandy soils have been
measured to lose up to 100% of applied phosphorus to leaching in the first season.
Certainly 50% losses are common. However, soils with sufficient levels of ‘reactive’
iron (Fe) and aluminium (Al) will tend to resist phosphorus leaching. If you have sandy
soils with low ’reactive’ levels of Fe and Al then you should test your P levels and
apply less phosphorus more often, so that you don’t lose your expensive phosphorus
dollar to leaching. In soils with high free lime (10—20%), phosphorus will react with
calcium carbonate in the soil to create insoluble calcium phosphates. Lock-up of
phosphorus occurs on these soils at high pH and more sophisticated methods of
applying phosphorus may be needed.

Phosphorus deficiency is thought to be responsible for biomass reduction of triticale
in nutrient solution with aluminium. One study suggests that in previous experiments,
P deficiency was probably the most important limiting factor in acid nutrient solutions
with aluminium. 4

5.61 Symptoms of deficiency

What to look for in the paddock

. Smaller, lighter green plants with necrotic leaf tips, generally on sandier parts of
the paddock or between header or swathe rows.

. Plants look unusually water-stressed despite adequate environmental conditions
(Photo 5). %©

. Affected areas are more susceptible to leaf diseases.

What to look for in the plant

. In early development, usually in cases of induced phosphorus deficiency,
seedlings appear to be pale olive green and wilted (Photos 6 and 7).

. On older leaves, chlorosis starts at the tip and moves down the leaf on a front,
while the base of the leaf and the rest of the plant remains dark green. Unlike
with nitrogen deficiency, necrosis (death) of these chlorotic (pale) areas is fairly
rapid, with the tip becoming orange to dark brown and shrivelling, while the
remainder turns yellow. By this stage, the second leaf has taken on the early
symptoms of phosphorus deficiency.

. By tillering, uncommon symptoms of severe deficiency are dull, dark green
leaves with slight mottling of the oldest leaf.

47 JR Ben (1991) Response of triticale, wheat, rapeseed and lupine to phosphorus in soil. In 2. Proceedings of the International Triticale
Symposium. Passo Fundo (Brazil) 1-5 October 1990.

48 MDA Bolland (1992) The phosphorus requirement of different crop species compared with wheat on lateritic soils. Fertilizer Research,
32 (1), 27-36.

49 VL Quartin, HG Azinheira, MA Nunes (2001) Phosphorus deficiency is responsible for biomass reduction of triticale in nutrient solution
with aluminum. Journal of Plant Nutrition, 24 (12), 1901-1911.

50 DAFWA (2015) Diagnosing phosphorous deficiency in wheat. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-phosphorus-
deficiency-wheat

NUTRITION AND FERTILISER 20


https://www.agric.wa.gov.au/mycrop/diagnosing-phosphorus-deficiency-wheat
https://www.agric.wa.gov.au/mycrop/diagnosing-phosphorus-deficiency-wheat
mailto:GrowNotes.South%40grdc.com.au?subject=

GRDC

GROWNOTES

%GRDC

SOUTHERN

JANUARY 2018

Photo 5: Stunted early growth with reduced tillers in P deficient crop on the left.

Source: DAFWA

Photo 6: P-deficient plants on the left are later maturing with fewer and
smaller heads.

Source: DAFWA
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Photo 7: Dark leaves with necrosis moving down from the tip of the oldest leaf is
symptom of P deficiency.

Source: DAFWA

What else it could be

Before assuming phosphorous deficiency, eliminate other possible causes of
symptoms (Table 7).

Table 7: Other possible problems of triticale that could be confused for
phosphorous deficiency.

Condition Similarities Differences

Nitrogen Small, less tillered Phosphorus-deficient plants are thinner

deficiency and light green plants with darker leaves and older leaf tip death
without leaf yellowing

Molybdenum  Small, less tillered Phosphorus-deficient plants are thinner

deficiency and light green plants with darker leaves and older leaf tip death
without leaf yellowing

Potassium Small, less tillered Phosphorus-deficient plants are thinner

deficiency and light green plants with darker leaves and older leaf tip death

without leaf yellowing

Source: DAFWA

Plants have a high requirement for P during early growth. As P is relatively immobile
in the soil, topdressed or sprayed fertiliser cannot supply enough to correct a
deficiency.
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Phosphorus does leach on sands with a very low PBI (@ measure of phosphorus
retention), particularly on coastal plains. Topdressing is effective on these soils. ®

Soil testing

Testing the phosphorus levels in your soil is important and will help in the budgeting
of your phosphorus dollar. The release of phosphorus is related to:

. The total amount of phosphorus in the soil.

. The abundance of iron and aluminium oxides.
. Organic carbon content.

. Free lime or soluble calcium carbonate.

. Phosphorus buffer index (PBI).

Available phosphorus tests like the Colwell and Olsen’s phosphorus test don’t
measure available phosphorus. Rather they express an indication of the rate at which
P may be extracted from the soils. This rate is calibrated with field trials. There is a
relationship between total soil phosphorus and Colwell phosphorus, and this can
enable you to predict when a given level of phosphorus input (fertiliser) or output
(product removal) will result in a risk of phosphorus rate of supply becoming a
limiting factor. 52

5.6.2 Managing phosphorus

Key points:

. After decades of consistent P application, many soils now have
adequate P status.

. Before deciding on a fertiliser strategy, use soil testing to gain a thorough
understanding of the nutrient status across the farm.

. If the soil P status is sufficient, there may be an opportunity for growers to save
money on P fertiliser by cutting back to a maintenance rate.

. Consider other factors: if pH (CaCl,) is less than 4.5; the soil is water repellent or
root-disease levels are high, then the availability of soil test P is reduced and a
yield increase to fertiliser P can occur even when the soil test P results show that
levels are adequate.

- Work with an adviser to refine your fertiliser strategy.

«  Adding fertiliser to the topsoil in systems that rely on stored moisture does not
always place nutrients where crop needs them.

. Testing subsoil (10—30 cm) P levels using both Colwell-P and BSES-P soil tests is
important in developing a fertiliser strategy.

«  Applying P at depth (15—20 cm deep on 50 cm bands) can improve yields over a
number of cropping seasons (if other nutrients are not limiting).

- Addressing low P levels will usually increase potential crop yields, so match
the application of other essential nutrients, particularly N, to this adjusted yield
potential. 3

Place phosphorous with or near the seed at seeding time, or band prior to seeding.
High application rates can lead to both salt burning of the seedlings and a thin plant
stand, and potentially reduce yield. 5

Phosphorus fertiliser and, where necessary, nitrogen fertiliser are recommended in
the same amounts as recommended for wheat. The current recommendations for
the Mallee are:

. Phosphorus at 10—15 kg/ha and 10—20 kg/ha of nitrogen applied at sowing.

51 DAFWA (2015) Diagnosing phosphorus deficiency in wheat. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-phosphorus-
deficiency-wheat

52 G Bailey, T Brooksby (n.d.) Managing phosphorous in south-east soils. South East Soil Issues, http://www.naturalresources.sa.gov.au/
southeast/land/soil-management/South-East-Soil-Issues

53 GRDC (2012) Phosphorus management, southern region. Factsheet. GRDC, www.grdc.com.au/GRDC-FS-PhosphorusManagement

54  Alberta Agriculture and Forestry (2016) Fall rye production. Agdex 117/20-1. Revised. Alberta Government, http://wwwl.agric.gov.
ab.ca/$department/deptdocs.nsf/all/agdex1269/$file/117_20-1.pdf
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Occasionally nitrogen may need to be broadcast after sowing if the crop appears
deficient. %°

Arbuscular mycorrhizae fungi play an important role in plant uptake of P. The uptake
of this nutrient by wheat, rye, and triticale was, respectively, 10%, 64%, and 35% higher
with AMF infection than without. Triticale followed wheat, with similar mycorrhizal
dependency. %

5.7 Sulfur

Key points:

. In cereals, lower sulfur levels lead to lower protein and because this affects the
quality of the flour, the price received for this grain will be reduced.

. The leaves on deficient plants leaves turn pale with no stripes or green veins,
but generally do not die although growth is retarded and maturity delayed

. Top-dressing 10-15 kilograms per hectare of sulfur as gypsum or ammonium
sulphate will overcome deficiency symptoms.

. Comprehensive research in terms of triticale and sulfur are limited.

Sulfur is a major plant element. It is an essential plant nutrient (along with N) required
for the production of amino acids, which in turn make up proteins. In cereals, lower
sulfur levels lead to lower protein and because this affects the quality of the flour,
the price received for this grain will be reduced. A lack of sulfur will also affect the oll
content and hence the price received for canola.

Yield losses also occur in low-sulfur situations, especially with canola. Ideally, plants
will take up sulfur at the same levels as phosphorus.

Sulfur is present to varying degrees in nearly all soils. Soils with clay and gravel
have generally more sulfur present than sandier soils from high-rainfall areas. This
is due in part to the composition of the original parent rock. Organic sulfur, which is
mineralised into plant-available sulfate, is more prevalent in soils with high clay and
gravel content. The sandier soils from higher-rainfall areas do not have any ability
to restrict the leaching of water-soluble sulfate. Sulfur remaining in plant residues is
readily recycled into the soil. ¥

Historically, S has been adequate for crop growth because S is supplied in
superphosphate, in rainfall in coastal areas and some from gypsum. In the southern
region, sulfur-responsive soils are uncommon in cereals, but can be seen in

canola. Sulfur inputs to cropping systems have declined with the use of triple
superphosphate (TSP), mono-ammonium phosphate (MAP) and diammonium
phosphate (DAP), which are low in S. Sulfur, like Nitrogen, is also subject to leaching
and in wet seasons may move beyond the root zone.

The occurrence of S deficiency appears to be a complex interaction between the
mineralisation of S from soil organic matter, seasonal conditions, crop species and
plant availability of subsoil S. Similar to N, these factors impact on the ability of the soil
S test to predict plant-available S . %8

The forage production of triticale and wheat is essential to many livestock

producers. Very little data is available concerning the effects of sulfur fertilisation on
production and quality of triticale or wheat forage. However, research conducted in a
greenhouse may give clues to the use of S in the paddock. The greenhouse research
was conducted to evaluate the addition of S as either ammonium thiosulfate (ATS)

or ammonium sulfate (AS) on production and quality of triticale and wheat forage on
four different soils. Sulfur fertilisation increased forage yields and S concentrations

of both crops on all soils, and in many cases, resulted in higher N concentrations in

55  Agriculture Victoria (2012) Growing triticale. Note AG0497. Revised. Agriculture Victoria, http://agriculture.vic.gov.au/agriculture/grains-
and-other-crops/crop-production/growing-triticale

56 R Pandey, B Singh, TVR Nair (2005) Impact of arbuscular-mycorrhizal fungi on phosphorus efficiency of wheat, rye, and triticale. Journal
of Plant Nutrition, 28 (10), 1867-1876.

57 Summit Fertilizers (n.d.) Sulfur (S). Summit Fertilizers, http://www.summitfertz.com.au/research-and-agronomy/sulfur.html
58 GRDC (2014) Soil testing for crop nutrition, southern region. Factsheet. GRDC, www.grdc.com.au/GRDC-FS-SoilTestingS
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the forage. Sulfur fertilisation also increased the in vitro digestibility of wheat, but had
little effect on triticale digestibility. Both S sources performed similarly. Application of
S after the first clipping was effective in increasing second-clipping forage production
on three of the four soils, and forage S concentrations were dramatically increased
for both crops on all soils. Although the magnitude of response varied, S fertilisation
was effective in increasing production and quality of triticale and wheat forage grown
in the greenhouse. %°

Treatments of nitrogen and phosphorous fertilisers have been found to significantly
increase the dry matter, sulfur concentrations and sulfur uptake of triticale compared
to unfertilised treatments. 5°

One study found that sulfur (20 kg/ha-1) applied to plots of triticale produced a greater
number of days to anthesis (126). ©

5.71 Symptoms of deficiency

What to look for in the paddock
. Areas of pale plants (Photo 8). ©2

What to look for in the plant

. Plants grow poorly and lack vigour, and have reduced tillering, delayed maturity
and lower yields and protein levels.

- Theyoungest leaves are affected first and most severely.

. The leaves on deficient plants leaves turn pale with no stripes or green veins, but
generally do not die although growth is retarded and maturity delayed (Photo 9).

- With extended deficiency the entire plant becomes lemon yellow and stems
may become red.

. Additional applied N can exacerbate the yellowing.

59 RL Feyh, RE Lamond, DA Whitney, RG Sears (1993) Sulfur fertilisation of wheat and triticale for forage production 1. Communications in
Soil Science & Plant Analysis, 24 (5-6), 443—455.

60 B Lasztity (1993) The variation of sulfur contents and uptakes in triticale during growth [in Hungary]. Agrochimica (ltaly).

61  Blgbal, B Ahmad, | Ullah, AA Khan, S Anwar, A Ali, K Shahzad, S Khan (2016) Effect of phosphorus, sulfur and different irrigation levels
on phenological traits of Triticale. Pure and Applied Biology, 5 (2), 303-310.sulfur

62 DAFWA (2015) Diagnosing sulfur deficiency in cereals. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-sulfur-deficiency-
cereals
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Photo 8: Areas of pale plants characterise sulfur deficiency.

Source: DAFWA

Photo 9: Leaves showing some yellowing.

Source: DAFWA
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What else it could be

Before assuming sulfur deficiency, eliminate other possible causes of
symptoms (Table 8).

Table 8: Other possible problems of triticale that could be confused for sulfur

deficiency.

Condition Similarities Differences

Iron deficiency Pale new growth Iron-deficient plants have interveinal
chlorosis

Group B herbicide Seedlings with Plants generally recover from Group

damage pale new leaves B herbicide damage; and leaves
often have interveinal chlorosis.

Waterlogging, or Pale growth The youngest leaves of sulfur-

nitrogen, molybdenum deficient plants are affected first

or manganese while the middle or older leaves

deficiency are affected first with waterlogging,

and manganese, nitrogen and
molybdenum deficiency

Source: DAFWA

5.7.2 Managing sulfur

Top-dressing 10—15 kilograms per hectare of sulfur as gypsum or ammonium sulphate
will overcome deficiency symptoms.

Foliar sprays generally cannot supply enough sulfur for plant needs.

Modern high-analysis fertilisers will usually contain enough S to supply sufficient
levels to cereal crops. Canola, however, will require more than can be safely or
conveniently applied using a seeding fertiliser and so extra sulfur must be applied,
either before seeding as gypsum, or after seeding as amsul (sulphate of ammonia).

If a deficiency manifests in an established crop, it can be easily corrected with an
application of sulphate of ammonia.

Supplies of sulfur (elemental or sulphate)

Plants take up sulfur in the sulphate (SO4) form. The sulfate form is water-soluble, and
being an anion, readily leaches. The elemental form of sulfur needs to be broken
down into the sulfate form before becoming available to the plant. This is achieved
by bacteria (Thiobacillus spp.) which digest the sulfur and excrete sulfate. All soils
contain these bacteria. It takes about a fortnight for elemental sulfur to start breaking
down, so it should be used before a plant deficiency can be seen. In waterlogged
conditions, where sulfate will be lost by leaching or run-off, the bacteria will become
dormant, so sulfur will not be lost.

Pros and cons of the two sulfur sources

Sulfate sulfur is:

. immediately available to the plant
«  water-soluble

. quick acting

. leachable

. easily lost with one heavy rainfall

Elemental sulfur is:
+  released slowly
. not lost by leaching

63 DAFWA (2015) Diagnosing sSulfur deficiency in cereals. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-sulfur-deficiency-
cereals
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. more available when maximum plant growth occurs in spring
- will build up a sulfur ‘bank’

. slow to break down

. not suitable to correct a visible deficiency in plants

5.8 Potassium

Key points:

. Triticale can be sensitive to potassium deficiency and responses to its
application.

. Soil testing combined with plant-tissue testing is the most effective means of
determining potassium requirements.

. Banding away from the seed, at sowing or within four weeks of sowing, is
the most effective way to apply potassium when the requirement is less
than 15 kg/ha.

Potassium (K) is an essential plant nutrient. It has many functions, including the
regulation of the opening and closing of stomata, the breathing holes on plant leaves
that control moisture loss from the plant. Adequate potassium increases vigour and
disease resistance of plants, and helps to form and move starches, sugars and oils.
Available potassium exists as an exchangeable cation associated with clay particles
and humus. ©®

A study in Europe found that triticale is more sensitive to potassium deficiency than to
phosphorus deficiency. %

Other research showed that the highest rate of grain yield for triticale (6.1 t/ha—1) was
obtained by application of 160 kg/ha-1 of nitrogen and 90 kg/ha-1 of potassium. The
application of different levels of nitrogen affected grain protein of triticale, but using
different amounts of potassium did not.

Generally, in the southern region, cropping soils are unresponsive to additions of K.
However, as crops continue to mine K from soils, this may change in the future.

Potassium deficiency is more likely to occur on light soils and with high rainfall,
especially where hay is cut and removed regularly.

Factors such as soil acidity, soil compaction and waterlogging will modify root growth
and the ability of crops to extract subsoil K. ©8

High potassium:sodium (Na) ratios in wheat and some triticale varieties can induce
magnesium (Mg) deficiency in grazing stock, which may show up as tetany. Surveys
in southern Australia showed that all varieties of cereals tested had a K:Na ratio that
could cause magnesium deficiency in livestock.

One contributing factor to the variation in animal gains is the mineral nutrition
provided by cereals to grazing livestock. The Mg content of cereal is typically
satisfactory for stock, but the high K content and very low Na content of forage result
in a high rumen K:Na ratio, which impedes magnesium absorption in the rumen.

Sheep and cattle grazing cereals can therefore have a sodium deficiency and a
magnesium deficiency. %

64 Summit Fertilisers (n.d.) Sulfur (S). Summit Fertilizers, http://www.summitfertz.com.au/research-and-agronomy/sulfur.html

65  Soilquality.org (n.d.) Potassium: NSW. Soilquality.org.au, http://www.soilquality.org.au/factsheets/potassium-nsw

66 R Gaj (2012) The effect of different phosphorus and potassium fertilisation on plant nutrition in critical stage and yield of winter triticale.
Journal of Central European Agriculture, 13 (4).

67 SA Tababtabaei, GH Ranjbar (2012) Effect of different levels of nitrogen and potassium on grain yield and protein of triticale.
International Research Journal of Applied and Basic Sciences, 3 (2), 390-393.

68 GRDC (2014) Soil testing for crop nutrition, southern region. Factsheet. GRDC, www.grdc.com.au/GRDC-FS-SoilTestingS

69 L Bell, H Dove (2012) Mineral supplements needed when grazing cereals. Ground Cover. No. 98, May—June 2012. GRDC, https:/grdc.
com.au/Media-Centre/Ground-Cover/Ground-Cover-Issue-98-May-June-2012/Mineral-supplements-needed-when-grazing-cereals
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5.81 Symptoms of deficiency

What to look for in the paddock

- Smaller, lighter green plants with necrotic leaf tips, generally on sandier parts of
the paddock or between header or swathe rows (Photo 10). 7°

. Plants look unusually water-stressed despite adequate environmental conditions.
. Affected areas are more susceptible to leaf disease.

What to look for in the plant
. Plants appear paler, and weak and floppy (Photo 11).

. Older leaves are affected first, with leaf tip death and progressive yellowing and
death down from the leaf tip and edges. There is a marked contrast in colour
between yellow leaf margins and the green centre.

«  Yellowing leaf tip and leaf margins sometimes generates a characteristic green
'arrow' shape towards leaf tip.

¥ e
% t ey NS SR

Photo 10: There are fewer symptoms in header rows.

Source: DAFWA

70 DAFWA (2015) Diagnosing potassium deficiency in wheat. DAFWA, https:/www.agric.wa.gov.au/mycrop/diagnosing-potassium-
deficiency-wheat
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Photo 11: Potassium-deficient plants may display floppy older leaves and furled
flag leaf from water stress.

Source: DAFWA

What else it could be

Before assuming potassium deficiency, eliminate other possible causes of
symptoms (Table 9).

Table 9: Other possible problems of triticale that could be confused for potassium

deficiency.
Condition

Molybdenum
deficiency

Nitrogen
deficiency

Spring drought

Root lesion
nematodes

Source: DAFWA

Similarities
Pale plants with leaf
tip death

Pale plants with
oldest leaves most
affected

Water-stressed
plants with older
leaves dying

back from the

tip, yellowing
progressing down
from tip and edges
and often leaf death
occurs

Smaller, water-
stressed, pale plants

Differences

Potassium-deficient plants do not have
white or rat-tail heads, and have more
marked contrast between yellow and
green sections of affected leaves

Potassium-deficient plants have more
marked leaf-tip death and contrast
between yellow and green sections
of affected leaves, and tillering is less
affected

The main difference is that potassium
deficiency is more marked in high-growth
plants in good seasons

Root-lesion-nematode affected plants
have ‘spaghetti’ roots with few feeder
roots
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Topdressing potassium will generally correct the deficiency. Foliar sprays generally
cannot supply enough potassium to overcome a severe deficiency and can also
scorch crops. ”!

5.8.2 Managing potassium

Soil and plant-tissue analysis together give insight into the availability of potassium in
the soil. Growers should not rely on soil testing alone, as results are subject to many
potential sources of error.

Tissue analysis of whole tops of crop plants will determine whether a deficiency
exists, but won’t define a potassium requirement. These results are generally too late
to be useful in the current season, but inform the need to assess K requirements for
the next crop.

Potassium available in the soil is measured by the Colwell-K or Exchangeable K soil tests.
The amount of potassium needed for plant nutrition depends on soil texture (Table 10).

Table 10: Critical (Colwell) soil test thresholds for potassium (in ppm).

Deficient Moderate Sufficient
Cereals, canola, lupins, etc. <50 50-70 >70
(Brennan and Bell 2013)
Pasture legumes <100 (sand) 100-140 (sand) >140 (sand)
(Gourley et al. 2007) <150 (clay loam) 150-180 (clay >180 (clay loam)
loam)

Source: Soilquality.org

Sandy soils require less potassium to be present, but are more likely to show
deficiencies. Clay soils require more potassium to be present, but are more capable
of supplying replacement potassium through the weathering of clay minerals.

Potassium lost through product removal should be replaced once paddocks fall
below sufficient K levels, rather than waiting for deficiency symptoms to appear.
Replacement requirements for each crop differ, and this must be accounted for when
budgeting K requirements for the coming season.

Fertiliser types

Sulphate of potash (SOP), or potassium sulphate, is usually recommended if soils are
deficient in K. Applying the cheaper muriate of potash (MOP), or potassium chloride,
also corrects potassium deficiency, but it also adds chloride to the soil, which
contributes to overall salinity and can decrease the establishment of seedlings.

Potassium magnesium sulphate can also be used where magnesium and sulphate
are also required. This form is often used in ‘complete’ fertiliser blends. Potassium
nitrate supplies nitrogen and potassium in a highly water-soluble (and available) form,
but is rarely used in broadacre farming because of its cost.

Fertiliser placement and timing

Potassium generally stays very close to where it is placed in the soil. Banded
potassium has been shown to be twice as accessible to the crop as topdressed
potassium. This is thought to be related to improved availability for the emerging
crop, and decreased availability for weeds. Seed must be sown within 50 mm of
the potassium drill row or seedlings may miss the higher levels of potassium. High
band rates (>15 kg/ha) of potassium can inhibit sensitive crops (e.g. lupins, canola).
If a paddock is severely deficient then potassium needs to be applied early in the
season, at seeding or up to four weeks after. 2

71 DAFWA (2015) Diagnosing potassium deficiency in wheat. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-potassium-
deficiency-wheat

72 Soilquality.org (n.d.) Potassium: NSW. Soilquality.org.au
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5.9 Micronutrients

Key points:
. Trace elements are important in particular situations but are not miracle workers.

. Deficiencies are not uncommon, but when they occur can result in large
yield penalties.

. Diagnosis by soil tests and tissue tests is difficult, but in most cases the potential
for deficiencies can be assessed by reviewing soil types, crop type and
seasonal conditions.

. Products vary in their efficiency and growers should look for evidence of the
efficacy of products in their region.

Most growers and agronomists are fully aware of the nitrogen and phosphorus
demands of crops, and meeting those demands is a major investment in crop
production. Sulfur and potassium are also important in some regions, as are calcium
and magnesium. These six nutrients, the macronutrients, are complemented by a set
of nutrients required in smaller amounts; the micronutrients or trace elements. Even
though needed in tiny quantities, copper (Cu), manganese (Mn), iron (Fe), zinc (Zn),
boron (B) and molybdenum (Mo) are all essential for plant growth. Essential trace
elements are nutrients which are required by plants and animals to survive, grow, and
reproduce, but are needed in only minute amounts. Southern Australian cropping
soils are more likely to be deficient in zinc (Zn), copper (Cu), and manganese (Mn)
than the other trace elements.

Of these three, Zn deficiency is probably the most important because it occurs over
the widest area. Zn deficiency can severely limit annual pasture-legume production
and reduce cereal-grain yields by up to 30%. Cu deficiency is also important because
it may result in total crop failure.

If Zn, Cu and Mn are not managed well, the drop in productivity of crops and
pastures can leave the farmer suffering expensive losses, and further production
can also be lost through secondary effects such as increased disease damage and
susceptibility to frost.

Adequate trace-element nutrition is just as important for vigorous and profitable crops
and pastures as adequate major element (such as nitrogen or phosphorus) nutrition.

Many soils in the cropping zone of southern Australia are deficient in trace elements
in their native condition. Despite many decades of research into trace-element
management, crops can still be found to be deficient in one or more of these
elements. It is important to keep an eye on trace-element levels as part of regular
farm management: just because trace element deficiencies have not been prevalent
in recent years, does not mean they will not return. There is increasing concern in
some districts that trace-element deficiencies may be the next nutritional barrier to
improving productivity. This is because current cropping systems are exporting more
nutrients to the grain terminal than ever before. 73

Triticale grows productively on alkaline soils where certain trace elements are
deficient enough that they will not be suitable for other cereals. 7

South Australia has a long and proud history of micronutrient research, and in the
early 1960s it was found that foliar sprays of Mn onto barley gave a 20-fold response
in the southern Yorke Peninsula. This was the first time foliar trace elements had
been applied to agricultural crops in Australia. Similarly, with copper, South Australian
scientists have led the way with diagnosis and remediation, as well as developing a
deep understanding of cultivar differences in copper (and manganese) responses.
Even so, between farms and within farms, the response to micronutrients will differ. 7

73 N Wilhelm, S Davey (2016) Detecting and managing trace element deficiencies in crops. GRDC Update Paper. GRDC, https://grdc.com.
au/Research-and-Development/GRDC-Update-Papers/2016/02/Detecting-and-managing-trace-element-deficiencies-in-crops

74 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http://www.fao.ora/3/a-y5553e/y5553e00.pdf

75 R Norton (2014) Trace elements; copper and manganese: their role, requirements and options. GRDC Update Paper. GRDC, https://
rdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/08/Trace-elements-copper-and-manganese-their-role-

requirements-and-options
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In early trials, it has been reported that triticale has the Cu, Zn and Mn efficiency traits
derived from its cereal rye parent. Triticale usually performs remarkably well on highly
calcareous soils which are often deficient in Mn and Zn and sometimes in Cu. ’®

One study from Europe suggests that calcium, magnesium and potassium are the
mineral nutrients most likely to limit triticale yield. 7

5.91 Manganese

Many triticale cultivars carry tolerance to soils high in manganese, which is typical of
some soils of Australia. 78

Symptoms of deficiency

What to look for in the paddock

. Manganese deficiency often appears as patches of pale, floppy plants in an
otherwise green, healthy crop (Photo 12). 7°

What to look for in the plant
. Plants are frequently stunted and occur in distinct patches.

. The middle leaves are affected first, but it can be difficult to determine which
leaves are the most affected as symptoms rapidly spread to other leaves and the
growing point (Photo 13).

. Leaves develop interveinal chlorosis and/or white necrotic flecks and blotches.
. Leaves often kink, collapse, and eventually die.

- Tillering is reduced, with extensive leaf and tiller death. With extended
deficiency, the plant may die.

. Surviving plants produce fewer and smaller heads.

76 D Reuter (2007) Trace element disorders in South Australian agriculture. http://www.pir.sa.gov.au/__data/assets/pdf_file/0011/49619/
Trace Element disorders in SA.pdf

77 R Gaj (2012) The effect of different phosphorus and potassium fertilisation on plant nutrition in critical stage and yield of winter triticale.
Journal of Central European Agriculture, 13 (4).

78 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http:/www.fao.org/3/a-y5553e/y5553e00.pdf

79 DAFWA (2015) Diagnosing manganese deficiency in wheat. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-manganese-
deficiency-wheat
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Photo 12: Patches of pale, floppy plants in otherwise healthy crop.

Source: DAFWA
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Photo 13: Middle leaves are affected first, and show yellowing and necrosis.

Source: DAFWA

What else it could be

Before assuming potassium deficiency, eliminate other possible causes of

symptoms (Table 11).

Table 11: Other possible problems of triticale that could be confused for potassium

deficiency.

Condition Similarities

Zinc deficiency Pale plants with
interveinal chlorosis
and kinked leaves

Nitrogen Pale plants
deficiency

Waterlogging Pale plants

Iron deficiency  Pale plants

Sulfur Pale plants
deficiency

Source: DAFWA

Differences

Differences include linear 'tramline’
necrosis on zinc-deficient plants.
Manganese-deficient plants are more
yellow and wilted.

Nitrogen-deficient plants do not show
wilting, interveinal chlorosis, leaf kinking
and death

Waterlogged plants do not show wilting,
interveinal chlorosis, leaf kinking and death

New leaves are affected first. and plants do
not die

New leaves are affected first. and plants do
not die
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Managing manganese deficiency
. Use a foliar spray.

- Acidifying ammonium nitrogen fertilisers can reduce manganese deficiency by
lowering pH and making manganese more available to growing crops.

. Manganese fertiliser is effective but expensive, as high rates and several
applications are required to generate residual value.

. Seed manganese-coating treatments have little effect in correcting the
deficiency. &

Due to the detrimental effect of high soil pH on Mn availability, correction of severe
Mn deficiency on highly calcareous soils can require the use of Mn-enriched fertilisers
banded with the seed (3—5 kg Mn/ha) as well as one to two follow-up foliar sprays

(1.1 kg Mn/ha). In the current economic climate, growers on Mn-deficient country have
tended not to use Mn-enriched fertilisers due to their cost, and have relied solely

on a foliar spray. This is probably not the best or most reliable strategy for long-term
management of the problem.

Neither soil nor foliar Mn applications have any residual benefits and must be re-
applied every year. Another approach is to coat the seed with Mn. This technique is
cheap and will probably be the most effective in conjunction with foliar sprays and/
or Mn-enriched fertilisers. Mn deficiency in lupins must be treated with a foliar spray
at mid-flowering on the primary laterals. The use of acid fertilisers (e.g. nitrogen in the
ammonium form) may partially correct Mn deficiency on highly alkaline soils, but will
not overcome a severe deficiency.

Mn deficiency in crops can also be corrected by fluid application at seeding. &

5.9.2 Copper

Triticale is tolerant to low concentrations of available copper in soil, a condition widely
associated with poor sandy soils in Australia. Such soils may contain enough total
copper for tens of thousands of crops but it is relatively unavailable to widely grown
cultivars of wheat, oats and barley. &

Tolerance of triticale, wheat and rye to copper deficiency in
low and high soil pH

Researchers investigated the tolerance of triticale to low copperin a

soil adjusted to extremes of pH, and compared it with the tolerance of

its parent species, wheat and rye. The experiment was conducted using
plants in pots of soil in a glasshouse. The wheat plants were extremely
sensitive to copper deficiency at all soil pH values and failed to produce
heads or grain, whereas rye produced maximum yield irrespective of
copper status or soil pH. Triticale demonstrated intermediate tolerance by
virtue of the copper—pH—genotype interaction: it was tolerant (like rye) at
pH 5.0, but sensitive (like wheat) at pH 8.4.

Concentrations of copper were highest in rye and lowest in wheat, and
decreased with increasing pH. The uptake of copper into grain and

shoot was also lowest in wheat, and showed the same pH dependence
as concentration. The appearance of symptoms of copper deficiency in
all plants that had low yields suggests that the major effect of pH in this
system was on copper availability; the change in availability was, however,

80 DAFWA (2015) Diagnosing manganese deficiency in wheat. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-manganese-
deficiency-wheat

81 N Wilhelm, S Davey (2016) Detecting and managing trace element deficiencies in crops. GRDC Update Paper. GRDC, https:/grdc.com.
au/Research-and-Development/GRDC-Update-Papers/2016/02/Detecting-and-managing-trace-element-deficiencies-in-crops

82 RD Graham (1978) Tolerance of triticale, wheat and rye to copper deficiency. Letters. Nature, 271, 542—-543.
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insufficient to affect the response of wheat (which is highly sensitive) or of
rye (highly tolerant). Triticale responded dramatically to the pH treatment
and, as predicted, for such a hybrid was generally intermediate in tolerance
to copper deficiency. &

Symptoms of deficiency

What to look for in the paddock

. Before head emergence, deficiency shows as areas of pale, wilted plants with
dying new leaves in an otherwise green, healthy crop (Photo 14). 8

. After head emergence, mildly affected areas have disorganised, wavy heads.
Severe patches have white heads and discoloured late maturing plants.

. Symptoms are often worse on sandy or gravelly soils, where root-pruning
herbicides have been applied, and in recently limed paddocks.

What to look for in the plant
«  The youngest growth is affected first.

- The first sign of copper deficiency before flowering is growing-point death and
tip withering, and/or bleaching and twisting up to half the length of young leaves
(Photo 15).

«  The base of the leaf can remain green.
. Old leaves remain green, but are paler than normal.
- Tiller production may increase, but tillers die prematurely.

. Mature plants are dull grey—black in colour, with white or stained empty or ‘rat-
tail’ heads.

. Grain in less severely affected plants may be shrivelled. Heads with full grain
droop due to weak stems.

83  SP Harry, RD Graham (1981) Tolerance of triticale, wheat and rye to copper deficiency and low and high soil pH. Journal of Plant
Nutrition, 3 (1-4), 721-730.

84  DAFWA (2015) Diagnosing copper deficiency in wheat. DAFWA, https:/www.agric.wa.gov.au/mycrop/diagnosing-copper-deficiency-
wheat
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Photo 14: Pale, necrotic flag leaf at head emergence.

Source: DAFWA

Photo 15: Partly sterile head and twisted flag leaf.

Source: DAFWA
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What else it could be

Before assuming copper deficiency, eliminate other possible causes of
symptoms (Table 12).

Table 12: Other possible problems of triticale that could be confused for copper

deficiency.

Condition
False black chaff

Molybdenum
deficiency

Boron deficiency

Stem and head
frost damage

Take-all

Similarities
Discoloration on

the upper stem and
glumes

White heads and
shrivelled grain

Youngest leaf death

White heads,
shrivelled grain, late
tillers and delayed
maturity

White heads and
shrivelled grain

Differences

False black chaff does not affect
yield or grain quality

Molybdenum deficiency affects
middle leaves first rather than the
youngest leaf

Boron-deficient plants are dark
rather than light green, and affected
leaves have marginal notches and
split near the base

Spring frost does not cause death
or twisting of the flag leaf, and is
location specific (frost-prone areas)

Take-all causes blackened roots and
crowns and often kills the plant

Source: DAFWA

Managing copper deficiency
. Use foliar spray (only effective in the current season) or drilled soil fertiliser.

. Copper foliar sprays are not effective after flowering, as sufficient copper is
required pre-flowering for pollen development.

. Mixing copper throughout the topsoil improves availability due to more uniform
nutrient distribution.

. As copper is immobile in the soil, topdressing is ineffective, being available to
the plant only when the topsoil is wet.

. In long-term no-till paddocks, frequent, small applications of copper via drilled or
in-furrow application reduces the risk of plant roots not being able to obtain the
nutrient in dry seasons.

. Copper drilled in deep increases the chances of roots being able to obtain
enough copper when the topsoil is dry.

. Copper seed treatment is insufficient for the requirements of actively
growing plants. &

Traditionally, Cu deficiency has been corrected by applying Cu-enriched fertilisers
and incorporating them into the soil. Most soils require 2 kg Cu/ha to fully correct a
deficiency, and this application may be effective for many years. Due to the excellent
residual benefits of soil-applied Cu, deficiency of this element in crops and pastures
has been largely overcome in most areas following the use of ‘blue stone’ mixes in
the 1950s and 1960s. However, Cu deficiency may be re-surfacing as a problem due
to a number of reasons:

«  The applications of Cu made 20-40 years ago may be running out.

- The use of nitrogen fertilisers is increasing, and they will increase the severity of
Cu deficiency.

«  Cudeficiency is affected by seasonal conditions and farming practices (e.g.
lupins in a lupin—wheat rotation make Cu deficiency worse in succeeding
wheat crops).

85 DAFWA (2015) Diagnosing copper deficiency in wheat. DAFWA, https:/www.agricwa.gov.au/mycrop/diagnosing-copper-deficiency-
wheat
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Application of Cu by Cu-enriched fertilisers are an important management strategy.
Cu deficiency in crops can also be corrected by fluid application at seeding, which
can be cheaper than Cu and Cu-enriched fertiliser treatments. Performance of soil
applied Cu will improve with increased soil disturbance.

Although Cu deficiency is best corrected with soil applications, foliar sprays will also
overcome the problem in the short term. A foliar spray of Cu (75-100 g Cu/ha) is very
cheap (approximately 90 c/ha for the ingredient) but a second spray immediately
before pollen formation may be necessary in severe situations. This was the case in a
trial conducted on lower Eyre Peninsula in 2015, where a late foliar spray was needed
to completely eliminate Cu deficiency in an area that was extremely deficient in the
trace element and the problem had been exacerbated by a dry spring when wheat
was forming pollen and setting grains. &

Although plants do have a requirement for copper, the main reason copper is
applied is for the benefit of grazing stock. Copper deficiency is more common

on light-textured soils such as sands or sandy loams. Where required, copper is
normally applied with the fertiliser at 1-2 kg/ha every 3—6 years. Including copper

in the fertiliser will provide a long-term supply to pasture and grazing stock. Where
copper deficiency has been diagnosed in stock, more direct supplementation such
as copper drenches are recommended. Copper is commonly applied in southern
Victoria and on lighter soil types in western Victoria and parts of Gippsland whenever
molybdenum is applied. Copper is not normally applied in northern Victoria. &

5.9.3 Zinc

Deficiencies of zinc (Zn) are well known in all cereals and cereal-growing countries.
Physiological evidence suggests that a critical level of zinc must be present in the soail
before roots will grow and function effectively; it is likely the requirement is frequently
not met in deep sandy, infertile profiles widespread in southern Australia.

Triticale is thought to have a high tolerance to Zn deficiency compared to wheat. The
resistance index for Zn in triticale has been estimated at 75%, second only to rye,
which is a very resistant crop to Zn deficiency. &

In one experiment, Zn deficiency symptoms were either absent or only slightly
apparent in triticale and rye, and occurred more rapidly and severely in wheats,
particularly in durum wheats. In field experiments at the milk stage, decreases in
shoot dry-matter production due to Zn deficiency were absent in rye, and were on
average 5% visible in triticale, 34% in bread wheats and 70% in durum wheats. Zinc
fertilisation had no effect on grain yield in rye, but enhanced grain yield of the other
cereals. Zinc efficiency of cereals, expressed as the ratio of yield (shoot dry matter or
grain) produced under Zn deficiency compared to Zn fertilisation were, on average,
99% for rye, 74% for triticale, 59% for bread wheats and 25% for durum wheats. &

Symptoms of deficiency

What to look for in the paddock

. Patchy growth of stunted plants with short, thin stems and usually pale
green leaves.

. Heavily limed soils, sands and gravels or alkaline grey clays tend to be
most affected.

«  Zinc-deficiency symptoms are usually seen on young seedlings early during the
growing season.

86 N Wilhelm, S Davey (2016) Detecting and managing trace element deficiencies in crops. GRDC Update Paper. GRDC, https:/grdc.com.
au/Research-and-Development/GRDC-Update-Papers/2016/02/Detecting-and-managing-trace-element-deficiencies-in-crops

87  Agriculture Victoria (2008) Trace elements for dryland pastures. Note AG0265. Revised. Agriculture Victoria, http://agriculturevic.gov.
au/agriculture/dairy/pastures-management/trace-elements-for-dryland-pastures

88 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http://www.fao.ora/3/a-y5553e/y5553e00.pdf

89 | Cakmak, H Ekiz, A Yilmaz, B Torun, N Kéleli, | Gultekin, A Alkan, S Eker (1997) Differential response of rye, triticale, bread and durum
wheats to zinc deficiency in calcareous soils. Plant and Soil, 188 (1), 1-10.
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What to look for in the plant

. Young to middle leaves develop yellow patches between the mid-vein and edge
of the leaf and extend lengthways towards the tip and base of the leaf. This
stripe may occur only on one side of the mid-vein.

. The areas eventually die turning pale grey or brown

The leaf changes from green to a muddy greyish-green in the central areas of
middle leaves.

. Stunted plants often have ‘diesel-soaked’ leaves, showing dead areas about
halfway along the leaves, causing them to bend and collapse in the middle
section (Photo 16). *°

Maturity is delayed. &'

Photo 16: Leaves yellow and die and can have tramline effect on leaves. Necrosis
halfway along middle and older leaves causes them to droop.

Source: DAFWA

What else it could be

Before assuming zinc deficiency, eliminate other possible causes of
symptoms (Table 11).

90 DAFWA (2015) Diagnosing zinc deficiency in wheat. DAFWA, https://www.agric wa.gov.au/mycrop/diagnosing-zinc-deficiency-wheat

91 DAFWA (2015) Diagnosing zinc deficiency in wheat. DAFWA, https://www.agric wa.gov.au/mycrop/diagnosing-zinc-deficiency-wheat
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Table 13: Other possible problems of triticale that could be confused for zinc

deficiency.
Condition Similarities Differences
Manganese Leaf kinking, pale Manganese-deficient plants are very
deficiency lesions, streaks and  pale, are more common as patches of
wilted plants limp, dying plants, and lack the parallel
necrotic tramlines adjoining the midrib
Wheat streak Stunted plants with Zinc-deficient plants have pale, linear
mosaic virus many tillers and spots or lesions that can develop into
striped leaf lesions parallel ‘tramlines’, and lack vivid yellow
streaks towards the leaf tip
Yellow dwarf Stunted plants with Zinc-deficient plants have pale linear
virus many tillers and spots or lesions that can develop into

striped leaf lesions parallel ‘tramlines’, and lack vivid yellow
streaks towards the leaf tip

Source: DAFWA

Managing zinc deficiency
. Use a foliar spray (effective only in current season) or drilled soil fertiliser.

- Zinc foliar sprays need to be applied as soon as deficiency is detected to avoid
irreversible damage.

« Aszincis immobile in the soil topdressing is ineffective, being available to the
plant only when the topsoil is wet.

. Mixing zinc through the topsoil improves availability due to more uniform nutrient
distribution.

. Zinc drilled in deep increases the chances of roots being able to obtain enough
of the element when the topsaoil is dry.

. Zinc seed treatment is used to promote early growth where root disease
is a problem, but the level will be lower than a growing plant needs in a
given season.

. Zinc present in compound fertilisers often meets the current requirements of
the crop. 2

Zinc may be required on light-textured soils such as sands or sandy loams, and
particularly those that are alkaline, as the more alkaline the soil, the lower the
availability of zinc for plant uptake. Most of the alkaline soils in Victoria occur in the
Wimmera and Mallee, but there are a few pockets of alkaline soils in the higher-
rainfall areas of the state. Plant responses to Zn on pasture are rare, but where
required zinc should be applied at about 1-2 kg/ha, every 5-6 years. *

Correction of Zn deficiency in a way that provides benefits after the year of treatment
is possible through the use of Zn-enriched fertilisers, or with a pre-sowing spray of Zn
onto the soil, which will be incorporated with subsequent cultivation. There is also the
option of a Zn-coated urea product which can be used to supply Zn to the crop, and
is most useful when pre-drilling urea before the crop.

Another option that will also provide long-term benefits but has become available
only recently is the application of fluid zinc at seeding. The advantage of this
approach is that it will provide residual benefits for subsequent crops and pastures
and has a low up-front application cost (providing you ignore the capital investment in
a fluid-delivery system).

Only Zn-enriched fertilisers of the homogenous type (i.e. fertiliser manufactured so
that all granules contain some Zn) are effective at correcting Zn deficiency in the first
year of application. A rate of 2 kg of elemental Zn per hectare applied to the soil is
necessary to overcome a severe Zn deficiency; it should persist for three to 10 years,

92 DAFWA (2015) Diagnosing zinc deficiency in wheat. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-zinc-deficiency-wheat

93  Agriculture Victoria (2008) Trace elements for dryland pastures. Note AG0265. Revised. Agriculture Victoria, http://agriculture.vic.gov.
au/agriculture/dairy/pastures-management/trace-elements-for-dryland-pastures
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depending on the soil type. Short intervals between repeat applications of Zn will be
necessary on heavy and calcareous soils in the high-rainfall areas, while seven to

10 year intervals will be acceptable in the low-rainfall areas. Following an initial soil
application of 2 kg Zn/ha repeat applications of 1 kg/ha will probably be sufficient to
avoid the reappearance of Zn deficiency in crops and pastures. Few zinc-enriched
fertilisers are now sold as homogeneous types, but providing a homogeneous
fertiliser is used as part of the mix the final product is still satisfactory for correcting Zn
deficiency. For example, the company may produce a diammonium phosphate (DAP)
Zn 5% ‘parent’ product which has Zn on every granule which they will then blend
with straight DAP to give 1% and 2.5% products for the retail market. This option will
currently cost approximately $17.00/ha.

Zn deficiency can be corrected in the year that it is recognised with a foliar spray

of 250-350 g Zn/ha, but it has no residual benefits and is therefore not the best
approach for a long-term solution. Zinc can be mixed with many herbicides and
pesticides, but not all, so check with your supplier for compatible tank mixes. Recent
trials in eastern Australia suggest that chelated sources of trace elements are no
more effective at correcting a deficiency than their sulphate forms.

Seed dressings of zinc are another option for managing Zn deficiency. These
products are effective and will supply Zn to the young crop, but they will not
completely overcome a severe deficiency. Nor will they increase soil reserves of
Zn. Seed with high internal levels of Zn can also be used in a similar way. However,
both approaches should be used in conjunction with soil applications to correct and
manage Zn deficiency in the long term.

5.94 Iron

Iron (Fe) is involved in the production of chlorophyll and is a component of many
enzymes associated with energy transfer, nitrogen reduction and fixation, and lignin
formation. Iron deficiencies are mainly manifested by yellow leaves, which are due to
low levels of chlorophyll. Leaf yellowing first appears on the younger upper leaves

in interveinal tissues. Severe iron deficiencies cause the leaves to turn completely
yellow or almost white, and then brown as leaves die. Iron deficiencies are found
mainly in alkaline soils, although some acidic, sandy soils, low in organic matter, may
also be iron-deficient. Cool, wet weather enhances iron deficiencies, especially in
soils with marginal levels of available iron. Poorly aerated or compacted soils also
reduce iron uptake. High levels of available phosphorus, manganese and zinc in soils
can also reduce iron uptake.

Symptoms of deficiency

What to look for in the paddock
. Pale plants, particularly in waterlogged or limed areas (Photo 17). %

What to look for in the plant
- The youngest growth is affected first and most severely.
. Symptoms begin with young leaves turning pale green or yellow.

. Interveinal areas become yellow and in severely deficient plants interveinal
areas turns almost white (Photo 18).

. New growth remains yellow for some time before leaves start to die.
. Old leaves remain pale green and apparently healthy.
. Severely affected plants are stunted, with thin spindly stems.

94 N Wilhelm, S Davey (2016) Detecting and managing trace element deficiencies in crops. GRDC Update Paper. GRDC, https:/grdc.com.
au/Research-and-Development/GRDC-Update-Papers/2016/02/Detecting-and-managing-trace-element-deficiencies-in-crops

95 RHJ Schlegel (2013) Rye: Genetics, Breeding, and Cultivation. CRC Press.
96 DAFWA (2015) Diagnosing zinc deficiency in cereals. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-iron-deficiency-cereals
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Photo 17: Pale green to yellow plants may be an indication of iron deficiency.

Source: DAFWA

Photo 18: Pale yellow, iron-deficient leaves, most showing prominent green veins
(the three on the right) compared with dark green healthy leaf (left).

Source: DAFWA
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What else it could be

Before assuming iron deficiency, eliminate other possible causes of
symptoms (Table 12).

Table 14: Other possible problems of triticale that could be confused for iron

deficiency.

Condition Similarities Differences

Sulfur deficiency Pale plants with pale Sulfur-deficient plants do not have
new growth interveinal chlorosis

Group B herbicide Pale seedlings with Herbicide-damaged plants
interveinal chlorosis on  generally recover, and are not
new leaves restricted to waterlogged areas

Waterlogging, Pale growth Middle or older leaves are

or nitrogen, affected first

molybdenum

and manganese

deficiency

Source: DAFWA

Managing iron deficiency
. No yield responses to iron to justify soil application.

« Where symptoms occur, particularly in cold and wet conditions, they are
frequently eliminated as soil and air temperatures rise.

. Foliar sprays will remove the symptoms where they occur in highly calcareous or
limed soils.

510 Nutritional deficiencies

Many soils in the cropping zone of southern Australia are deficient in macronutrients
and micronutrients in their native condition. To help identify nutritional deficiencies,
see the GRDC'’s Winter Cereal Nutrition: the Ute Guide.

5101 Making use of the crop-nutrition information
available to you

As part of the GRDC’s More Profit from Crop Nutrition (MPCN) extension and training
project for the southern region, The Birchip Cropping Group (BCG), in conjunction
with other grower groups, has been hosting nutrition events across the southern
region since 2012. The most important nutritional areas are being investigated
through the MPCN initiative; however, there are a few immediate resources available
to advisers to help with understanding nutrition and giving such advice.

Useful resources

. More Profit from Crop Nutrition (MPCN)—extension and training for the
southern region.

. The Extension Hub on crop nutrition—connects the lab and the paddock, and
provides updates on the latest research, and articles focussing on strategic
management of crop nutrition in the current season.

. Better Fertiliser Decisions for Cropping (BFDC)— provides the fertiliser industry,
agency staff and agribusiness advisors with knowledge and resources to
improve nutrient recommendations for optimising crop production.

«  The page Making Better Fertiliser Decisions for Cropping Systems in Australia on
BFDC provides the fertiliser industry, agency staff and agribusiness advisers with
knowledge and resources to improve nutrient recommendations for optimising
crop production.

97 DAFWA (2015) Diagnosing iron deficiency in wheat. DAFWA, https://www.agric.wa.gov.au/mycrop/diagnosing-iron-deficiency-cereals
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. Nutrition technical workshops are being held by AgCommunicators as part of the
GRDC’s technical workshop projects. Multiple MPCN projects are presented at
these workshops.
i o ) «  Birchip Cropping Group—organises events and workshops, which are advertised
MPCN extension and training project on BCG’s website, and often promoted in the area where an event will be held.
This group expands the worth of its project by contributing data and results
to crop-nutrition publications and to various other cropping publications in
the region. *®

Better fertiliser decisions

Detecting and managing trace
element deficiencies in crops

98 A Elliott (2016) Making use of the crop nutrition information available to you. GRDC Update Paper. GRDC, https://grdc.com.au/Research-
and-Development/GRDC-Update-Papers/2016/02/Making-use-of-the-crop-nutrition-information-available-to-you
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Weed control

Key messages
. Weed control in triticale is similar to that for wheat.

- There are mixed reviews on triticale’s ability to compete with weeds. Triticale can
be a poor competitor against weeds due to reduced tillering capacity.

. In most cases, the herbicides that work on wheat and rye will work on triticale,
however growers must check product labels for registration for use on triticale.

. Integrated weed management practices for becoming more common in
Australian cropping systems, and show promising results that should also be
employed with triticale.

. Good soil fertility along with vigorous germination and fast emergence may be
one of the most efficient ways to reduce weeds through competition.

Weeds are estimated to cost Australian agriculture A$2.5-4.5 billion per annum. For
winter cropping systems alone the cost is $1.3 billion, with annual rye grass being one
of the biggest problems (Photo 1). ' Consequently, any practice that can sustainably
reduce the weed burden is likely to generate substantial economic benefits to
growers and the grains industry.

Photo 1: Annual ryegrass is one of the most problematic weeds in Australia and
around the world (left). Here (right) it is heavily infesting a cereal paddock.

Source: Southwest Farm Press

In most cases, the herbicides that work on wheat and rye will work on triticale,
however growers must check product labels for registration for use on triticale.
Some studies indicate that triticale may be less tolerant of some herbicide cocktails
than wheat. Newer herbicides as well as pesticides are now being released with
recommendations for use on triticale. 2

6.1 Weed competitiveness of triticale

Good soil fertility along with vigorous germination and fast emergence may be one of
the most efficient ways to reduce weeds through competition. A vigorously growing
crop is usually weed-free, and this is as true of triticale as it is of other grains.

The actual competitiveness of different cereals depends on growing conditions,
management practices, weed load and relative growth stage of the weed and crop.

1 R Smith (2014) Two-step program controls resistant ryegrass in wheat. 24 February. Southwest Farm Press, http:/www.
southwestfarmpress.com/wheat/two-step-program-controls-resistant-ryegrass-wheat

2 M Mergoum, H Gémez-Macpherson (eds) (2004) Triticale improvement and production. FAO Plant Production and Protection Paper No.
179. Food and Agriculture Organisation, http:/www.fao.org/3/a-y5553e/y5553e00.pdf
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Triticale’s competition to weeds is provided by its leafiness and height, which impact
light and moisture competition. 3

Triticale may have some allelopathic effect which can inhibit the germination and
growth of weeds but this effect is not as high as one of its parent crops, cereal rye. *

The grass weed annual ryegrass (Lolium rigidum) is one of the worst weeds of triticale
(as well as other grains). Based on research in southern NSW the most competitive
crops in the face of annual ryegrass (at 300 plants/m—2 are, in descending order,
oats, cereal rye, triticale, oilseed rape, barley, wheat, field peas, and lupins. ®

Suppression of annual ryegrass by wheat, triticale and rye was compared in field trials
at Wagga Wagga in 1993. Triticale and cereal rye appeared to be more competitive
than wheat: the biomass of mature ryegrass was 70 g/m? in triticale, compared

to 170 g/m? in wheat. Triticale has large seeds which lead to rapid early growth

and the capacity to suppress weeds because of a vigorous growth habit. Early
seedling vigour, superior height and broad leaves appeared to influence the greater
competitive ability of the triticale and cereal rye in this study. ®

A general rule of thumb in cereals is that taller, leafier varieties are more competitive
due to the ability to close the canopy quickly. Being somewhat weed competitive,
triticale is sometimes used in a ‘green’ approach in crop rotations to reduce weed
seedbanks. When seeded early and under good conditions, triticale will compete
with many weed species. Although it is not as effective as rye, triticale can be very
competitive with wild oats. ’

To minimise weeds, prepare the seedbed so it is as clean as possible before
planting, and be sure to practice crop rotation. Planting early will help with the quick
establishment of a triticale stand and may stave off early weed pressure. Triticale can
also be inter-seeded with another crop (including forage grasses or legumes) to aid in
weed competition and nutrient management. &

611 Best management practices for weed control in
triticale

Best management practices for weed control in triticale are similar to those for wheat.
These include:

. Seed at higher rates and ensure proper crop nutrition, which can help control
weeds in triticale.

. Plan ahead. Chemical weed control options in triticale are limited, making it more
important to select relatively clean paddocks in which to seed triticale.

. In the case of perennial weed problems, apply pre-harvest glyphosate or use as
a pre-seeding burn off when direct seeding. Use in-crop herbicides to control or
suppress broadleaf weeds.

. Use certified or well-cleaned and graded seed as this ensures that only triticale,
and not weeds, is seeded.

«  Seed early within the recommended sowing window, as earlier sown triticale
usually results in more competitive stand establishment, and provides a jump-
start on the weeds.

«  Seed shallow at between 13—-38 mm (optimum 25 mm). Shallow seeding
generally results in uniform seedling emergence with plants quickly covering

3 S Clarke, S Roques, R Weightman, D Kindred (2016) Understanding triticale. AHDB, https://cereals.ahdb.org.uk/media/897536/pr556-
understanding-triticale.pdf

4 Albert Lea Seed (2010) Triticale, http://www.alseed.com/UserFiles/Documents/Product%20Info%20Sheets-PDF/Basics%20
Triticale-2010.pdf

5 D Lemerle, B Verbeek, N Coombes (1995) Losses in grain yield of winter crops from Lolium rigidum competition depend on crop
species, cultivar and season. Weed Research, 35 (6), 503—-509.

6 D Lemerle, K Cooper (1996) Comparative weed suppression by triticale, cereal rye and wheat. In Triticale: Today and Tomorrow.
Springer Netherlands, pp. 749-750.

7 Alberta Agriculture and Forestry (2016) Triticale Crop Protection. Alberta Agriculture and Forestry, http://wwwl.agric.gov.
ab.ca/$department/deptdocs.nsf/all/fcd10572

8 UVM Extension Crops and Soils Team (2011) Triticale. University of Vermont, http://northerngraingrowers.org/wp-content/upload
TRITICALE pdf
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the ground which may aid in competition against weeds. However, because of
triticale’s large seed size, it can be sown deeper under the right conditions.

. Use sanitary practices: clean machinery and seeding equipment
before planting. ®

6.2 Integrated weed management

The Grains Research and Development Corporation (GRDC) supports the practice of
integrated weed management (IWM). This is a system for managing weeds over the
long term, and particularly incudes the management of weeds so as to minimise the
development of herbicide resistance. There is a need to combine herbicide and non-
herbicide methods into an integrated control program. Given that there are additional
costs associated with implementing IWM, the main issues for growers are whether it
is cost-effective to adopt the system and whether the benefits are likely to be long
term or short term in nature.

The GRDC manual, Integrated Weed Management in Australian Cropping Systems,
looks at these issues and breaks them down into seven clear sections, to assist the
reader to make the development of an IWM plan a simple process.

6.21 IWM for triticale

Although triticale has been shown to be more competitive against annual ryegrass
than wheat, a sound weed-control program must still be implemented to avoid a
blow-out in weed seed numbers and to optimise yields.

It is vital to control weeds early in the crop’s growth to give the crop a chance to get
ahead. Once the crop has grown it then becomes more competitive.

When sowing dual-purpose varieties early, choose a paddock with low weed
numbers and control weeds prior to the first grazing. Strategic grazing can be used
to help manage weeds. When planning to graze the crop, always check grazing
withholding periods before you apply post-emergent herbicides. ©

The effect of cultivation and row spacing on the
competitiveness of triticale

Research in 2007 explored the effect of cultivation and row spacing on
the competitiveness of triticale against weeds. The aim of this work was to
identify agronomic practices that enable triticale to express its full genetic
potential for competitive growth against the vigorous weedy competitor
annual ryegrass (Lolium rigidum). Researchers assessed the effects on
triticale of cultivation (disc ploughing), or lack thereof (zero tillage) before
sowing, and row spacing (15 cm, 30 cm and 45 cm).

Most of the experiments evaluating the effect of row spacing and level

of cultivation on cereals have been performed on wheat, so there is little
data specifically on triticale. The researchers hoped to identify the optimal
row spacing and level of cultivation that enhance the competitive ability

of triticale, to help farmers secure more sustainable yields by increasing
including triticale in their cropping rotations. They hoped the results would
help farmers reduce the cost of weed control, reduce weed-induced losses
of yield, and see greater fertiliser uptake and utilisation by the crop at the
expense of weeds.

9 Alberta Agriculture and Forestry (2016) Triticale Crop Protection. Alberta Agriculture and Forestry, http://wwwi.agric.gov.
ab.ca/$department/deptdocs.nsf/all/fcd10572

10 Waratah Seed Company (2010) Triticale: planting guide. Waratah Seed Company, http://www.porkcrc.com.au/1A-102_Triticale_Guide.
Einal Fact_Sheets.pdf
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Unfortunately, growing conditions were less than ideal. Episodic heavy rain
early in the growing season caused waterlogging and poor establishment
of the triticale and, late in the season, some lodging. In addition to above-
average rainfall, temperatures were below average. This combination
appeared to assist the growth of annual ryegrass at the expense of triticale.
The data they collected was highly variable. Under these conditions, row
spacing did not effect the biomass, grain yield or 1,000-grain weight of the
triticale. Cultivation, however, while not showing an early impact, increased
triticale biomass and grain yield at harvest. In this trial, the wet conditions
appeared to affect the expression of competitive growth habits in both

the crop and weed species present, although the weeds out-competed
the triticale.

All was not lost. Several findings validated the value of the agro-ecological
principles on which integrated weed management is based. They included:

- Weeds that emerge prior to or at the same time as the crop impose
the greatest weed—-crop interference, particularly in those weed
species (e.g. L. rigidum) that share similar morphology and phenology
to cereal crops.

- Strong selection pressure from a given agronomic practice will cause
a shift in the composition of the weed flora and may contribute to the
development of single species becoming a problem, e.g. Fallopia
convolvulus under high crop densities.

. Early suppression of weeds, in terms of preventing germination or
limiting biomass accumulation, is the most important aspect of crop
competitive ability, as even the most tolerant crops will have lower
yields if early weed—crop competition results in reduced crop tillering
during early crop growth.

«  The expression of competitive growth in cereal crops with strong
genetic potential for competitive ability (e.g. triticale) is highly
influenced by optimal plant densities and competition between
individual plants in the crop. "

6.2.2 General IWM principles and tactics

There are very effective strategic and tactical options available to manage weed
competition that will increase crop yields and profitability. Weeds with herbicide
resistance are an increasing problem in grain-cropping enterprises. The industry and
researchers advise that growers adopt integrated weed management to reduce the
damage caused by herbicide-resistant weeds.

An integrated weed management plan should be developed for each paddock or
management zone.

The following five-point plan will assist in developing a management plan in
each paddock:

Review past actions and history.

Assess current weed status.

Identify weed management opportunities.

Match opportunities and weeds with suitably effective management tactics.

aos WS

Combine ideas into a management plan, and consider using a rotational plan.

In an IWM plan, each target weed is attacked using tactics from several tactical
groups (see links below). Each tactic provides an opportunity for weed control. It is

il B Sindel (2008) UHS127: The effect of cultivation and row spacing on the competitive ability of triticale against weeds. GRDC, http:/
finalreports.grdc.com.au/UHS127
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dependent on the management objectives, and the stage of growth of the target
weed. Integrating tactic groups reduces weed numbers, stops replenishment of the
seedbank and minimises the risk of developing herbicide-resistant weeds.

IWM tactics:

. Reduce weed seed numbers in the soil.

. Controlling small weeds.

. Stop weed seed set.

. Reduce weed seed numbers in the soil.

. Hygiene: prevent weed seed introduction.
. Agronomic practices and crop competition.

Successful weed management also relies on the implementation of the best
agronomic practices to optimise crop growth. Basic agronomy and fine-tuning the
crop system are the important steps in sustainably managing weeds.

There are several agronomic practices that improve crop environment and growth,
along with the crop's inherent ability to out-compete weeds. These include crop
choice and sequence, improving crop competition, planting herbicide-tolerant crops,
improving pasture competition, using fallow phases, and using controlled traffic or
tramlining. ™2

Review past actions

Knowing the historical level of selection pressure can be valuable information to
give managers a ‘heads up’ as to which weed and herbicidal mode of action (MOA)
groups are at greatest risk of developing resistance. Such knowledge can prompt
more intensive monitoring for escapee weeds when a situation of higher risk exists.
Noticing developing resistance while patches are still small and before they spread
can make a big difference in the cost of management over time. If a population is
suspected resistant, a herbicide resistance test should be conducted to confirm the
resistance level and resistance group.

From all available paddock records, calculate or estimate the number of years in
which different herbicide MOAs have been used. This is of far greater relevance than
the number of applications in total. For most weeds, using a herbicide MOA in two
consecutive years presents a far greater selection pressure for resistance than two
applications of the same herbicide MOA in the one year. If the entire paddock history
is unavailable to you, state what is known and estimate the rest. Collate separate data
on MOA use for summer and winter weed spectrums. Further subdivide these into
broadleaved and grass weeds.

Account for past double-knock practices. Where survivors of one tactic would have
been controlled in large part by the use of another tactic, reduce the number of
MOA uses accordingly. An example might be: Trifluralin (Group D) has been used 20
times, but there have been six years when in-crop Group A selectives were used and
several more years where in-crop group B products that targeted the same weed as
the trifluralin were used. These herbicides effectively double-knocked the trifluralin,
thus somewhat reducing the effective selection pressure for resistance to trifluralin.

Review the data you have collected and identify which weed and MOA groups have
been selected for at a frequency likely to lead to resistance in the absence of a
double-knock. Trifluralin typically takes about 10—15 years of selection for resistance
to occur (Table 1). Thus, using the above example, a watching brief would be in place
for trifluralin and other Group D MOA herbicides.

Paddock history can also be useful information when evaluating the likely reasons for
herbicide spray failures, in prioritising strategies for future use, and in deciding which
paddocks receive extra time for scouting for patches of escaped weeds.

Information on the history of MOA use should be added to paddock records.

12 DAFWA (2016) Crop weeds: Integrated weed management (IWM). DAFWA, https://www.agricwa.gov.au/grains-research-development/
crop-weeds-integrated-weed-management-iwm
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Table 1: Typical number of years of use to develop resistance MOA groups.

Herbicide group Typical years of  Resistance risk
application

A (fops, dims, dens) 6-8 High

B (SUs, IMIs) 4 High

C (triazines, subst. ureas)  10-15 Medium

D (trifluralin, Stomp) 10-15 Medium

F (diflufenican) 10 Medium

| (phenoxies) >15 Medium

L (paraquat, diquat) >15 Medium

M (glyphosate) >12 Medium

Assess the current weed status

Record the key broadleaved and grass weed species for summer and winter, and
include an assessment of weed density, with notes on weed distribution across the
paddock. Include GPS locations or some other reference to spatial location of any
key weed patches or areas tested for resistance.

Include any data, observations or information relating to the known or suspected
herbicide resistance of weeds in this paddock.

Add this information to paddock records.

Identify weed management opportunities

Identify what different herbicide and non-herbicide tactics could be cost effectively
added to the system and where in the crop sequence these can be added.

Fine-tune your list of options

Which are your preferred options to add to your existing weed-management tactics,
so that you to add diversity and help drive down the weed seedbank?

Combine and test ideas

Computer simulation tools can be useful to run a number of ‘what if’ scenarios to
investigate potential changes in management and the likely effect of weed numbers

and crop yield. Two simulation tools being used are the Weed Seed Wizard and RIM

(Ryegrass Integrated Management).

Combine ideas using a rotational planner, or test them in using decision-support
software such as RIM (see below) and/or Weed Seed Wizard.
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Weed Seed Wizard

The Weed Seed Wizard helps growers understand and manage weed
seedbanks on farms in Australia’s grain growing regions.

It is a computer simulation tool that uses paddock-management information
to predict weed emergence and crop losses. Different weed management
scenarios can be compared to show how different crop rotations, weed
control techniques, irrigation, grazing and harvest management tactics can
affect weed numbers, the weed seedbank and crop yields.

The ‘wizard’ uses farm-specific information: users enter their own farm
management records, their paddock soil type, local weather and one or
more weed species. The wizard has numerous weed species to choose
from, including annual ryegrass, barley grass, wild radish, wild oats, brome
grass and silver grass in the southern states.

South Australian Weed Control App — SA Weed control

Biosecurity SA, in partnership with the eight natural resource management regions

in South Australia, has developed a free weed-control app that provides essential
information about the control of weeds declared in South Australia under the Natural
Resources Management Act 2004. The app provides information from the Weed
Control Handbook for Declared Plants in South Australia. The app includes:

. control recommendations for over 132 declared plants
+  chemical and non-chemical treatments

. information on the safe use of herbicides

. colour photographs of each species for identification

In addition app users can:

. record the location of weeds

. keep a personal log of control activities

. phone or email regional natural resource officers
«  send photos and text of high-risk weeds

It is intended that the app will be updated annually as chemical uses and plant
declarations change. Download the app from Google Play (for Android devices) or the

iTunes App Store.

6.2.3 IWM in the southern region

Grain growers in Victoria, South Australia and Tasmania have the ability to
beat costly weeds by driving down the weed seedbank through an aggressive
‘stacked’ approach.

By combining five essential measures and repeating the exercise year after year,
growers can run down seedbanks even when there are high levels of herbicide
resistance on their farms. Weed seedbanks can be eroded to near-zero levels by
committing to a simple strategy, the five components of which are:

employing a double-knock of herbicides;
mixing and rotating chemicals;

planting competitive crops;

stopping seedset; and

o~ wN

harvest weed-seed control through crop topping or desiccation.
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When you stack all these components together, you can drive down the
weed seedbank.

Double-knock is not so much about the seedbank but preserving the usefulness of
herbicides and glyphosate. If you double-knock every year glyphosate resistance
shouldn’t be an issue, but it's not a double-knock if you already have glyphosate
resistance. If you have lot of glyphosate resistance and you start double-knocking,
you are basically applying a single knock of paraquat, in which case paraquat
resistance will develop. The best time to start using double-knock is before you have
glyphosate resistance.

It's also important to mix herbicide use. By mixing two herbicides together at full rates,
if a weed is resistant to one product the other will kill it before it sets seed. It is almost
impossible for a weed to have two resistance mechanisms operating in the face of a
mixed herbicide selection.

Crop competition involves four factors: seeding rate, row spacing, orientation and
cultivars. Growers need to be employing at least one of these, and preferably two, to
encourage crop competitiveness.

Another component is harvest weed-seed control (HWSC), which has been a focus
of the research and development efforts of the Australian Herbicide Resistance
Initiative (AHRI). In mixed-farming systems with sheep, using a chaff cart for HWSC

is recommended. For continuous croppers in high-production areas, the Harrington
Seed Destructor is recommended. Putting chaff on tramlines is cheap and there is
nothing to do after harvest. Chaff lining, leaving chaff in the windrow to rot, is another
option. Windrow burning is a popular option, with more people doing this than

any other HWSC activity, but it does have its problems. With the other HWSC tools
growers can do them in every crop every year, but that’s not always the case with
windrow burning.

Another tool is baling directly which involves towing a baler behind the harvester. This
is a good option where a large market for straw bales exists close to the farm.

Competitive crops improve HWSC. Competitive crops hold ryegrass and other
weeds up so that growers can catch them in the header. HWSC works better on low-
density ryegrass.

A lot of weeds are becoming more dormant: they are adapting to germinate later
to avoid knock-down and pre-emergent herbicides. Ryegrass, barley and brome

grasses are among these. This can be turned to the grower’s advantage because
they can sow a competitive crop early and it will compete well against the weeds.

When all components of weed-seed management are stacked together and growers
commit to the regime for at least six years, the outcome can be dramatic.

6.3 Key weeds of Australia’s cropping systems

Section 8 of GRDC's Profiles of common weeds of cropping contains profiles of the
common weeds of Australian crops: ™

. annual ryegrass (Lolium rigidum)

. barley grass (Hordeum spp.)

. barnyard grasses (Echinochloa spp.)

. black bindweed (Fallopia convolvulus)
- bladder ketmia (Hibiscus trionum)

. brome grass (Bromus spp.)

. capeweed (Arctotheca calendula)

. doublegee (Emex australis)

13 S Watt (2016) Odds of beating weeds stacked in favour of grain growers. GRDC, https://ardc.com.au/Media-Centre/Media-News/
South/2016/03/0dds-of-beating-weeds-stacked-in-favour-of-grain-growers

14 GRDC (2014) Section 8. Profiles of common weeds of cropping. GRDC, https://grdc.com.au/Resources/IWMhub/Section-8-Profiles-of-
common-weeds-of-cropping
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. feathertop Rhodes grass (Chloris virgata)

. fleabane (Conyza spp.)

. fumitory (Fumaria spp.)

. Indian hedge mustard (Sysimbrium orientale)

. liverseed grass (Urochloa panicoides)

. muskweed (Myagrum perfoliatum)

. paradoxa grass (Phalaris paradoxaq)

«  silver grass (Vulpia spp.)

- sweet summer grass (Brachiaria ericuformis)

. turnip weed (Rapistrum rugosum)

. wild oats (Avena fatua and Avena ludoviciana)

- wild radish (Raphanus raphanistrum)

- windmill grass (Chloris truncata)

. wireweed (Polygonum aviculare and Polygonum arenastrum)
RIM (Ryegrass Integrated Management)
RIM (Ryegrass Integrated Management) is software that provides insights
into the long-term management of annual ryegrass in dryland broadacre
crops where herbicide resistance is developing. RIM enables users
to test different tactics for ryegrass management and observe their
predicted impacts on ryegrass populations, crop yields and long-term
economic outcomes. It can be used at paddock scale, and over short
and long time scales. The underlying model of the software integrates
biological, agronomic and economic considerations in a dynamic and user-
friendly framework.
The tool tracks the changes through time on a 10-year crop cycle for
ryegrass seed germination, seed production and competition with the
crop. Financial returns are also estimated annually and as a 10-year
average return.

Ryegrass Integrated Management A wide variety of chemical and non-chemical weed treatment options are
included, so that as chemicals are lost to herbicide resistance, the next-
best substitute can be identified.
To do this by trial and error in the real world, rather than in a computer
simulation, would take many years and may leave farmers with a major
weed problem they could have avoided. With RIM, farmers and others can
conduct virtual experiments with a range of treatment options before they
put real dollars at risk.
RIM can help farmers to tackle questions such as:

WATCH: Manaqing herbicide resistant . How much income will | lose once resistance develops?

ryeqrass with IWM +  Which combination of strategies provides the best overall system once

resistance is present?

. Is it worth trying to delay the onset of resistance by using herbicides
less frequently?

. Is it economically viable to maintain a continuous cropping rotation
ey ’ once resistance occurs?
Louis Koch

Sllageiraiyie . Ifa pasture phase is included, how long should it be?

Managing: rbicide-resistant "1‘ f

ith WM, | £
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6.31 Ryegrass management in the southern region

Herbicide resistance is increasing, with higher levels of chemical tolerance recorded
in south-east South Australia. In 2013, a study found that 16% of paddocks in the
south-east contained glyphosate-resistant ryegrass (Photo 2).

Photo 2: Glyphosate-resistant ryegrass in crop paddock.

Source: Weekly Times

Although herbicide resistance is widespread across Australia, in a three-year trial by
the University of Adelaide at Roseworthy, in SA's mid-north, researchers found that
the strategic use of oaten hay was the best tool for rapidly reducing the seedbank
of annual ryegrass. However, having done this, another year of seedset control is
needed to keep weed populations low.

In this four-year trial for improving weed management, researchers used three
different weed-management for ryegrass control . Cutting oaten hay in the first year
reduced the seedbank of ryegrass by 86%, from 4,819 seeds/m? to 692 seeds/m?.
Field peas were sown in the following year and three spray options used across
three sections.

1. When trifluralin was used alone, seedbank levels increased from 692 seeds/m?
to 8,319 seeds/m?.

2. When Select® was applied after trifluralin, the ryegrass seedbank slightly
increased, from 692 seeds/m? to 806 seeds/m?.

3. When Select® was applied and the field peas crop-topped with Roundup®
glyphosate, the seedbank declined to fewer than 500 seeds/m?2.

These results show that a second year of seedset control in managing annual
ryegrass is important. Growers need to be cautious in using chemicals, as resistance
to Select® is increasing in SA. This is a major concern as Select® is important for
providing effective control of ryegrass. Crop-topping after Select® application, even
if there are only a few weeds left in the paddock, decreased the risk of resistance
emerging. Where two years of seedset control had been used, the annual ryegrass
seedbank in the following crop continued to decline, even where Boxer Gold® was
the only herbicide used. ™

Another, long-term trial that began in 2012 at Southern Farming System’s Lake
Bolac site, in Victoria’s high-rainfall zone (HRZ) has shown that adapting some
farming practices can make a difference in the fight against weeds. The HRZ has a
history of herbicide-resistant ryegrass. Researchers assessed the effectiveness and
applicability of cultural control practices before seeding, in combination with pre-
emergent herbicides, on management of herbicide-resistant annual ryegrass in the

15 D Lush (2013) Consistent weed control needed to combat ryegrass. Ground Cover. No. 106. GRDC, https://grdc.com.au/Media-Centre/
Ground-Cover/Ground-Cover-Issue-106-Sept-Oct-2013/Consistent-seed-control-needed-to-combat-rvegrass
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Victorian HRZ. The cultural practices include mouldboard ploughing, stubble burning,
stubble incorporation with light cultivation, and retaining stubble and using direct
sowing. These were followed up with low-cost (such as trifluralin mixtures), medium-
cost and high-cost (such as Sakura® + Avadex® Xtra mixtures in wheat) pre-emergent
herbicide treatments.

The following lessons have been gleaned from the work.

Mouldboard ploughing

Although expensive, early results from mouldboard ploughing were promising
despite some wild radish germinating in the area ploughed. In a long-season scenario
where there is plenty of rain, any ryegrass that germinates late (after treatments have
been applied) will produce a lot of seed. In the HRZ that is a problem. If growers are
not stopping the seedset of ryegrass it will rebuild the seedbank quickly.

Pre-emergent herbicides

The biggest lesson learned from using pre-emergent herbicides was not to
incorporate stubble. Farmers with too much stubble are advised to burn it instead.
Incorporating stubble moves the ryegrass away from the range of herbicides, limiting
their effectiveness.

Farmers with ryegrass that is resistant to post-emergent herbicides cannot manage
outbreaks by growing wheat and barley. Even with our best treatments, numbers of
resistant plants are still going up.

Unsurprisingly, the cheapest pre-emergent herbicide strategies were the least
effective. The mid-cost strategy is better, but the expensive strategy is the best.
Growers in the HRZ have few options but to use expensive herbicides it they want
to control resistant ryegrass. This is because it is the costly ones, particularly the
Sakura® + Avadex® Xtra mix, that provide the length of persistence needed.

Narrow windrow burning

When attempting to burn windrows of barley in the trials, the burn got too fast and
didn’t burn the windrows all the way down to the ground, which meant that streaks of
ryegrass were left across the site. The lesson is to gain windrow-burning skills using
a crop such as canola, that is easy to control, before moving on to barley, which is

probably the hardest crop to do it in. "

6.3.2 Brome grass and barley grass in the southern
region

Control of brome grass is becoming increasingly difficult throughout south-eastern
Australia’s cropping zone due to high herbicide resistance, increasing seed
dormancy, and the spread of the weed from its traditional low-rainfall area to new
regions (Photo 3). 7

The increasing incidence of brome and barley grass in cropping paddocks in
southern Australia is likely to be associated with selection of more dormant biotypes
as a response to growers’ weed-management practices.

At present brome-grass management in cereals is heavily reliant on Group B
herbicides, especially the ClearfieldTM technology. Delaying onset of resistance to
these herbicides would require the identification of effective alternative herbicides.

16 AlLawson (2015) HRZ trial yields lessons in resistant ryegrass management. GRDC, https:/ardc.com.au/Media-Centre/Media-News/
South/2015/01/HRZ-trial-vields-lessons-in-resistant-ryegrass-management

17 R Barr (2014) Long-term strategy needed for brome grass control. GRDC, https://grdc.com.au/Media-Centre/Media-News/
South/2014/10/Long-term-strategy-needed-for-brome-grass-control
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Photo 3: Brome grass growing in a cereal crop at a University of Adelaide trial
in Balaklava.

Source: GRDC

Barley grasses (Hordeum spp.) are annual species renowned for rapidly germinating
in autumn to provide valuable stockfeed soon after breaking rain (Photo 4). ®

This speedy establishment has traditionally been seen as a useful clue for early
identification, but changes in seedbank dormancy now mean an increasing
proportion of the seedbank is germinating later in the season.

Photo 4: Emerging flower-head of barley-grass.

Photo: AJ Brown

18  Barley-grass. Victorian Resources Online. Department of Economic Development, Jobs, Transport and Resources, http:/vro.agriculture.
vic.gov.au/dpi/vro/vrosite.nsf/pages/sip_barley_grass
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Barley grass is a problem for a number of reasons:

- They act as an alternate host for a number of cereal diseases.

. Seeds cause stock health problems where seed gets stuck in wool or eyes.
. Post-emergent herbicide control is limited in cereals.

- Barley grasses generally mature earlier than the crop and seeds are
readily dispersed.

. Populations of barley grasses can develop resistance to herbicides.

Managing brome grass and barley grass

Field trials undertaken over four years have investigated various pre-emergence
herbicides for brome-grass control in wheat. Even though Sakura® (pyroxasulfone)
appears to be the most active pre-emergent herbicide against brome grass, it lacks
the consistency required for long-term population management of brome grass.

Surveys by the University of Adelaide in a previous GRDC-funded project showed
high levels of resistance to Group B herbicides, with 40-50% resistance to Atlantis®
and CrusaderTM in the South Australian Mallee, and 40% resistance to Atlantis®

in Victoria.

Field trials confirmed consistently high efficacy of Sakura® against barley grass,
especially under situations with good soil moisture.

Barley-grass management is now being complicated by the evolution of Group

A resistance in this weed species. However, there appear to be several effective
alternatives (e.g. Sakura® and Raptor®) that could be used for barley-grass control in
broadleaf crops. 2°

Pre-emergent control options are no more promising because most common
options are ineffective. The most common practice in wheat is use of trifluralin, but
GRDC trials showed trifluralin may only provide about 50% control in wheat. The
combination of Sakura® and Avadex® has been shown to be more effective, but the
high cost means it is often uneconomical.

With herbicide control providing no easy solutions, an integrated weed management
strategy is needed to control the problem weed.

Where there are severe brome-grass patches in cereals, in the range of >50

plants per square metre, it is recommended that growers patch out the area with

a knockdown herbicide such as glyphosate before it can set seed. Where the

soil type permits, narrow-windrow burning can be a good control method, or else
the use of chaff carts can help reduce the seedbank. Note though that windrow
burning for Brome grass is problematic as it tends to drop seeds before the header

Brome and barley grass management goes through.

in southern cropping systems

However, the most effective control will be to use rotations. For a severe infestation,
use a pulse or break crop with a grass-selective herbicide and crop-topping, followed

Long-term strateqy needed for brome by a ClearfieldTM variety using IMI chemistry. If there are still some weeds after two
grass control years, go with a crop of barley with pre-emergent trifluralin and metribuzin for a third-

step control. High brome grass populations will require at least three years of very
good grass control.

Full results from the trials are expected 2017. %'

19  GRDC. Barley grass. In Integrated Weed Management Hub. Section 8. Profiles of common weeds of cropping. GRDC, https://grdc.com.
au/Resources/IWMhub/Section-8-Profiles-of-common-weeds-of-cropping/Barley-grass

20 GGill, L Shergill, B Fleet, P Boutsalis, C Preston (2013) Brome and barley grass management in cropping systems of southern Australia.
GRDC Update Paper. GRDC, https://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/02/Brome-and-barley-grass-
management-in-cropping-systems-of-southern-Australia

21 R Barr (2014) Long-term strategy needed for brome grass control. GRDC, https://grdc.com.au/Media-Centre/Media-News/
South/2014/10/Long-term-strategy-needed-for-brome-grass-control
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6.3.3 Emerging threat of flaxleaf fleabane

Flaxleaf fleabane (Photo 5) is a major weed in dryland crops in southern Queensland
and northern New South Wales, and is emerging as a problem across the entire
cereal-cropping belt of southern Australia. 22

. o e
Photo 5: Flaxleaf fleabane.

Source: GRDC

Previously, fleabane was found mainly on roadsides, particularly where council

use of glyphosate created bare ground on which the weed could flourish without
competition. However, the weed is highly mobile and soon found its way into
adjacent cropping systems. With the move to minimum tillage and the increasing use
of glyphosate, the scene was set for an expansion of this troublesome weed. Wet
summers in southern grain regions over recent years have aided the weed’s spread.

Costs of fallow weed control have increased markedly because of fleabane,
with some zero-till growers having to reintroduce cultivation as a control tactic.
Disturbingly, populations of fleabane have recently been confirmed as resistant
to eight times the normal rate of glyphosate, earning it the title of Australia’s first
glyphosate-resistant broadleaf weed.

Control strategy

While fleabane presents a serious and costly weed challenge, GRDC-funded
research has shown that a strategic approach using IWM can significantly reduce the
weed’s impact on crop production. The key to getting on top of fleabane is to attack
all parts of the weed’s life cycle to keep the seedbank low. Adopting an IWM strategy
will result in substantially fewer fleabane problems and fewer resistant populations in
subsequent seasons.

Fleabane has the capacity to produce 110,000 seeds per plant and two or three
generations each year, so it is easy to understanding that it is critical to control it
before it sets seed.

In southern and western Australia, fleabane often germinates under crops during
spring or at harvest. Following harvest, a lack of crop competition combined with
summer rain can cause rapid growth. By the time there is a window for control, the

22 GRDC (2012) Multi-pronged attack needed in fight against fleabane weed. GRDC, https://grdc.com.au/Media-Centre/Media-News/
Misc/2012/05/Multipronged-attack-needed-in-fight-against-fleabane-weed
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fleabane plants are often mature, with a large root system, a reduced leaf area and a
high tolerance to most herbicides.

Research across Australia indicates that hitting the weed with herbicide while it is
young and actively growing is the best approach. Delaying herbicide application until
the weed is mature and water-stressed can result in poor control.

The double-knock approach, using glyphosate followed by paraquat 7-10 days later,
has proved to be a valuable component of a fleabane IWM program. This, coupled
with the use of competitive crops and pastures and strategic cultivations to bury
‘blowouts’ of seed production, can reduce the weed’s seedbank to manageable
levels within a few seasons. A complete IWM approach to controlling fleabane
includes targeting fence lines and roadsides. %

6.3.4 Feathertop Rhodes grass heads south

A shift to minimum tillage and increasing glyphosate use across southern Queensland
and northern New South Wales has created the perfect environment for feathertop
Rhodes grass (FTR) to flourish (Photo 6). Already a problem weed in central
Queensland for many years, where it is mostly a roadside weed, FTR has only
recently become an issue further south. GRDC-funded research has shown that no
single management strategy will effectively control FTR. A variety of tactics across
rotations is required to keep on top of this troublesome weed.

Photo 6: Feathertop Rhodes grass.

Source: GRDC

As with all problem weeds, the aim is to deplete the seedbank, control seedlings and
small plants, stop seedset, and prevent new seeds entering from outside the area. 2*

Fallow control

Annual grasses such as FTR can rapidly develop resistance to the ‘fop’ chemistry of
Group A herbicides. To reduce the rate at which this occurs in FTR, the Australian
Pesticides and Veterinary Medicines Authority (APVMA) issued permit PER12941 to
limit the use of Verdict® 520 to one application per season in fallow, and this must be
followed by a double-knock application of a paraquat product at 250 g/L at a rate of
at least 1.6 L/ha.

Researchers have found that once FTR is past early tillering, a Group M (glycine)
herbicide used alone becomes ineffective, but if a Group L bipyridyl herbicide
(paraquat) is applied sequentially, FTR control approaches 100%. This double-knock

23 M Widderick (2013) Fleabane now a national challenge. In Emerging Issues with Diseases, Weeds and Pests: Ground Cover
Supplement. January—February 2013. Ground Cover. No. 102. GRDC, https://ardc.com.au/Media-Centre/Ground-Cover-Supplements/
GCsS102

24 GRDC (2011) UQO0062: Improving IWM practice in the northern region. GRDC, http:/projects.ardc.com.au/projects.php?action=view.
project&project id=2072
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tactic has proved to be the most consistent and effective approach across a range

of growth stages and plant-stress conditions. The same research shows that adding

residual herbicides (particularly Group B) to the second knock enhances the effect of

the Group L herbicide. The interval between knocks is important to overall efficacy.
WATCH: GCTV14: Early control wild For many weeds, the interval required is short (three to four days), but FTR research
radish by the GRDC-supported Northern Grower Alliance found that a minimum of seven
- days is necessary when using a Group M herbicide as the first knock. This is probably
due to an antagonism that occurs inside the plant and is specific to FTR.

The double-knock tactic works best when applied to small, actively growing weeds,
and rates for both knocks are robust. Applying the second knock as a spot spray, or
using optical weed-detection technology (if available), can cut herbicide costs. Spot
tilling is also an option and, in some instances, the second knock can be a spot-tillage
operation instead of herbicide.

In-crop control

WATCH: GCTV Extension files: Wild In-crop control of FTR will be limited by the herbicides that can be safely used within
it o the crop. For post-emergence control, shielded sprayers might be required; control
ratei—itspray will be with Group L and M herbicides in most crops, and Group A herbicides in

some grass and cereal crops. Research has shown that several of the grass-selective
Group A herbicides control FTR well; however, butroxydim and clethodim are the only
Group A herbicides registered for in-crop FTR control.

Researchers are examining other Group A herbicides, which may perform better.
Grass-selective knockdown herbicides are widely used in broadleaf crops such as
mungbeans, chickpeas, cotton and sunflowers. Growing these crops in the rotation
will help manage FTR. In addition, certain Group A herbicides used in wheat and
barley provide effective post-emergence control of FTR, so winter cereals are a good
option in an FTR integrated weed management plan.

WATCH: GCTV Extension files: Wild
radish—2nd spray

Weed control tactics rarely achieve 100% control, so monitoring for and controlling
survivors is important. Target survivors as soon as possible by using spot tillage,
spot spraying (including weed-sensor spray technology) or manual removal to avoid
further seedset and minimise future problems. 2°

6.3.5 Wild radish resistance

Growers in the GRDC'’s southern cropping region should be able to draw on the
experience of their western counterparts for developing and implementing proactive
control strategies for herbicide-resistant wild radish (Photo 7). 26 This difficult weed

is becoming a serious threat in the southern region, but western growers have
considerable experience in keeping it in check.

25 M Widderick (2013) Feathertop heads south. In Emerging Issues with Diseases, Weeds and Pests: Ground Cover Supplement. January—
February 2013. Ground Cover. No. 102. GRDC, https:/grdc.com.au/Media-Centre/Ground-Cover-Supplements/GCS102

26 DAFWA (2016) Wild radish. DAFWA, https://www.agric.wa.gov.au/grains-research-development/wild-radish
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Photo 7: Herbicide-resistant wild radish plant in cereal paddock.

Source: DAFWA

Although wild radish has been present in both regions, the use of a sheep—wheat
rotation in the south—southern New South Wales, Victoria, South Australia and
Tasmania—has helped keep the weed under control.

In contrast, Western Australia’s intensive-cropping system has led to wild radish
becoming the number-one weed issue, with 60% of wild radish populations having
developed resistance to at least one herbicide. Some populations are now resistant
to multiple herbicide groups.

While the level of resistant wild radish populations in the southern region is still
significantly lower than in the west, with enterprise changes to more intensive
cropping, characterised by fewer sheep and more herbicide use, southern farmers
are beginning to replicate what has happened in WA.

According to University of Adelaide weed scientist Dr Christopher Preston, by 2013
there were more than 20 paddocks across Victoria and SA with wild radish that is
resistant to herbicides. Of these, five wild radish populations were resistant to Group
| herbicides (three in Victoria and two in SA) and one to Group B, Group | and Group
F herbicides. Dr Peter Boutsalis, the director of Plant Science Consulting, reported
that, between 2009 and 2013, half the 60 wild radish samples received from growers
across south-eastern Australia have been verified as resistant to Group B and Group
| herbicides. Plant Science Consulting carries out annual herbicide-resistance testing
on wild radish from paddocks where herbicides have failed. ?’

When poor herbicide control of wild radish is identified, it is critical that the weed
seed is tested for herbicide resistance. GRDC-funded research in the western and
southern regions is quantifying the extent of the wild radish problem and developing
management systems to lower the weed’s on-farm seedbank.

An underlying principle of wild radish management is to keep the weed seedbank
in check. More than 90% of seed can be captured at harvest. As long as this seed
is destroyed or removed via chaff carts, baling systems, windrowing and burning,
crushing (using the Harrington Seed Destructor), or feeding to livestock, then radish
seedbank numbers can be reduced to manageable levels.

27  JPaterson (2013) South faces wild radish resistance. In Emerging Issues with Diseases, Weeds and Pests: Ground Cover Supplement.
January—February 2013. Ground Cover. No. 102. GRDC, https:/grdc.com.au/Media-Centre/Ground-Cover-Supplements/GCS102
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When weed seed is not destroyed it remains in the chaff to be spread back onto the
paddock or, even worse still, to be transported to another paddock, where wild radish
or herbicide-resistant wild radish may not be present. ¢

6.4 Herbicides

Chemical weed-control options in triticale varieties are in general similar to those

for wheat, although some differences in tolerances are important. In all states, the
agriculture departments produce a publication giving recommended herbicide usage.
This should be consulted before using herbicides with triticale.

It is important that care is taken to ensure crop and weed tolerances based on the
label recommendations are adhered to. Additionally, weather conditions, herbicide
rates, water-dilution rates, and the status of adjoining crops need to be assessed
and managed correctly. A range of chemicals is registered for use in both wheat and
triticale, but some other herbicides are only legal for use in wheat. And for triticale,
some herbicides are only legal to use at specific crop stages. 2°

6.41 Herbicides explained

When selecting a herbicide, it is important to know crop growth stage, weeds present
and plant-back period. For best results, spray weeds while they are small and

actively growing. Herbicides must be applied at the correct stage of crop growth, or
significant yield losses may occur. Check product labels for up-to-date registrations
and application methods.

Residual and non-residual herbicides

Residual herbicides remain active in the soil for months, and can act on successive
germinations of weeds. Residual herbicides are absorbed through the roots or
shoots, or both. Examples of residual herbicides are imazapyr, chlorsulfuron, atrazine
and simazine. The persistence of residual herbicides is determined by several
factors, such as application rate, soil texture, organic matter levels, soil pH, rainfall
and irrigation, temperature, and the characteristics of the herbicide. Persistence

of herbicides will affect the cropping sequence in the enterprise (e.g. a rotation of
wheat—barley—chickpeas—canola—wheat).

Non-residual herbicides, such as the non-selective paraquat and glyphosate, have
little or no soil activity, and are quickly deactivated in the soil. They are either broken
down or bound to soil particles, which make them less available to growing plants.
They also may have little or no ability to be absorbed by roots.

Pre-emergent and post-emergent herbicides

Pre-emergent and post-emergent herbicides refer to chemicals utilised to fit in with

the timing of plant growth. Pre-emergent refers to the application of the herbicide to
the soil before the weeds have emerged, and post-emergent to foliar application of
the herbicide after the target weeds have emerged from the soil. %

Herbicide groups

Herbicides have been classified into a number of groups that refer to the way a
chemical works: their different chemical make-up and mode of action (Table 2). 3

28 JPaterson (2013) South faces wild radish resistance. In Emerging Issues with Diseases, Weeds and Pests: Ground Cover Supplement.
January—February 2013. Ground Cover. No. 102. GRDC, https:/grdc.com.au/Media-Centre/Ground-Cover-Supplements/GCS102

29 RS Jessop, M Fittler (2009) Appendix 1. Triticale production manual: an aid to improved triticale production and utilisation. In J Roake,
R Rethowan, R Jessop, M Fittler, Improved triticale production through breeding and agronomy. Pork CRC, http://www.apri.com.
au/1A-102 Final Research Report .pdf

30 GRDC Integrated weed management, Section 4: Tactics for managing weed populations. http://www.ardc.com.au/”/media/
A4CA48127FF8A4BOCA7DFD67547A5B716.pdf

31 Agriculture Victoria. Monitoring tools. Agriculture Victoria, http://agriculture.vic.gov.au/agriculture/farm-management/business-
management/ems-in-victorian-agriculture/environmental-monitoring-tools/herbicide-resistance
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Table 2: Herbicide groups and examples of chemical products in each group.
Group Common chemicals in the group
Group A Hoegrass®, Nugrass®, Digrass®, Verdict®, Targa®, Fusilade®,
Puma S®, Tristar®, Correct®, Sertin® Grasp®, Select®, Achieve®,
Gallant®, Topik®
Group B Glean®, Chlorsulfuron, Siege®, Tackle®, Ally®, Associate®,
Logran®, Nugran®, Amber Post® Londax®, Spinnaker®,
Broadstrike®, Eclipse®, Renovate®
Group C Simazine, Atrazine, Bladex®, Igran®, Metribuzin, Diuron,
Linuron, Tribunil®, Bromoxynil, Jaguar®, Tough®
Group D Trifluralin, Stomp®, Yield®, Surflan®
Group E Avadex®, BW, EPTC, Chlorpropham
Group F Brodal®, Tigrex®, Jaguar®
WATCH: GCTVA7: Herbicide Group H Saturn®
. - - i ® ® ®
et e
Group K Dual®, Kerb®, Mataven®
Group L Reglone®, Gramoxone®, Nuquat®, Spraytop®, Sprayseed®
Group M Glyphosate, Glyphosate CT®, Sprayseed®, Roundup CT®,

Touchdown®, Pacer®, Weedmaster®

Notes. List of commonly used products only. List of products does not necessarily imply state registration. Check that product is registered
in your state before use. Groups G and J not included.

Source: Agriculture Victoria

6.5 Pre-emergent herbicides

Triticale is competitive against weeds once it is established. If needed, a pre-
emergent knockdown should be applied, as there are limited options available post-
emergence. Ideally, a non-selective knockdown should be used when sowing main
season varieties to reduce the reliance on post-emergent herbicides. 32 There are
some herbicide options available against broadleaf weeds. 3

For herbicides registered for use on triticale and for the recommended herbicide
rate and time to apply, the Field Crop Herbicide Guide from the Kondinin Group is a
good reference. Local agronomists and resellers are also a good source of advice on
pesticide use.

Pre-emergent herbicides control weeds between radicle (root shoot) emergence
from the seed and seedling emergence through the soil. Some may also provide
post-emergent control.

6.51 Benefits and concerns

. The residual activity of pre-emergent herbicides controls the first few flushes of
germinating weeds while the crop or pasture is too small to compete.

. Good planning is needed to use pre-emergent herbicides as an effective tactic.
It is necessary to consider weed species and density, crop or pasture type, sail
condition, and the rotation of crop or pasture species.

. Soil activity and environmental conditions at the time of application
play an important role in the availability, activity and persistence of pre-
emergent herbicides.

. Both the positive and negative aspects of using pre-emergent herbicides should
be considered in the planning phase. *

32 Waratah see Co. Ltd. (2010). Triticale: planting guide. http://www.porkcrc.com.au/1A-102_Triticale Guide Final Fact Sheets.pdf

33 AGF Seeds. Triticale. https://agfseeds.com.au/triticale
34 DAFWA. (2016) Herbicides. https://www.agric.wa.gov.au/herbicides/herbicides?page=0%2C2
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The important factors in getting pre-emergent herbicides to work effectively while
minimising crop damage are:
. to understand the position of the weed seeds in the sail;

- the soil type (particularly amount of organic matter and crop residue on
the surface);

- the solubility of the herbicide; and
. its ability to be bound by the sail.

6.5.2 Understanding pre-emergent herbicides

With the increasing incidence of resistance to post-emergent herbicides across
Australia, pre-emergent herbicides are becoming more important for weed control.
There are typically more variables that can affect their efficacy than for post-emergent
herbicides. Post-emergent herbicides are applied when weeds are present and
usually the main considerations relate to application coverage, weed size and
environmental conditions that impact on performance. Pre-emergent herbicides are
applied before the weeds germinate and a number of other considerations come
into play. The various pre-emergent herbicides behave differently in the soil, and may
behave differently in different soil types. Therefore, it is essential to understand the
behaviour of the herbicide, the soil type and the farming system in order to use pre-
emergent herbicides in the most effective way.

Pre-emergent herbicides have to be absorbed from the soil by the germinating
seedling. To do so, these herbicides need to be at least partly soluble in water and
be in a position in the soil where the roots or emerging shoot can access them. The
dinitroaniline herbicides, such as trifluralin, are an exception in that they are absorbed
by the seedlings as a gas. These herbicides still require water in order to be activated
as a gas. Therefore, weed control with pre-emergent herbicides will always be lower
under dry conditions.

Behaviour of pre-emergent herbicides in the soil

The behaviour of pre-emergent herbicides in the soil is driven by three key factors:
. the solubility of the herbicide;

«  how tightly the herbicide binds to soil components; and

. the rate of breakdown of the herbicide in the sail.

The characteristics of some common pre-emergent herbicides are given in Table 3. 3

The water solubility of herbicides ranges from very low values for trifluralin to very
high values for chlorsulfuron. Water solubility influences how far the herbicide will
move in the soil profile in response to rainfall events. Herbicides with high solubility
are at greater risk of being moved into the crop seed row by rainfall and potentially
causing crop damage. If the herbicides move too far through the soil profile they
risk moving out of the weed root zone and failing to control the weed species at all.
Herbicides with very low water solubility are unlikely to move far from where they
are applied.

35 C Preston. (2014). GRDC Update Papers: Understanding pre-emergent cereal herbicides. https:/grdc.com.au/Research-and-
Development/GRDC-Update-Papers/2014/03/Understanding-pre-emergent-cereal-herbicides
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Table 3: Water solubility, binding characteristics, and degradation half-life for some
common pre-emergent herbicides.
Herbicide Water solubility Koc* Degradation half-
mg L*'(at20 Cand Rating mL g (in typical Rating life (days)
neutral pH) neutral soils)
Trifluralin 0.22 Very low 15,800 Very high 181
Pendimethalin 0.33 Very low 17,800 Very high 90
Pyroxasulfone 39 Low 223 Medium 22
Triallate 41 Low 3000 High 82
Prosulfocarb 13 Low 2000 High 12
Atrazine 35 Medium 100 Medium 75
Diuron 36 Medium 813 High 75.5
S-metolachlor 480 High 200 Medium 15
Triasulfuron 815 High 60 Low 23
Chlorsulfuron 12,500 Very high 40 Low 160

*Koc, = the soil organic carbon-water partitioning coefficient. High Koc values mean that more herbicide will be bound to organic
matter and less herbicide will be available to move in the soil solution. Koc values for pre-emergent herbicides in Table above range
from very high for trifluralin and pendimethalin to low for triasulfuron and chlorsulfuron.

Source: GRDC.

. Soils with low organic matter, especially sandy soils, are particularly prone to
crop damage from pre-emergent herbicides, and rates should be reduced where
necessary to lower the risk of crop damage.

. The more water-soluble herbicides will move more readily through the soil
profile, and are better suited to post sowing pre-emergent applications than the
less water-soluble herbicides. They are also more likely to produce crop damage
after heavy rain.

. Pre-emergent herbicides need to be at sufficient concentration at or below the
location of the weed seed (except for triallate which needs to be above the
weed seed) to provide effective control. Keeping weed seeds on the soil surface
will improve control by pre-emergent herbicides.

. High crop-residue loads on the soil surface will impair the effectiveness of