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Foreword 

The Australian fodder industry, with an estimated value of $1.75 billion at farm gate, makes a 
fundamental contribution to the Australian economy. Oat hay is a significant proportion of 
both export and domestic markets, with growth particularly in the export sector. Exports 
reached more than one million tonnes in 2017, up from 700,000 tonnes in 2010-11. Growth 
in the order of 10% per annum has occurred as markets, particularly in China, increase. 
Japan is still the primary market, but new markets in China and the Middle East (United Arab 
Emirates) continue to grow. The export hay industry is worth more than $200 million annually 
and is the primary source of industry funds for this research.  

With the continuing expansion of the export oat hay industry and a more discerning domestic 
market, there is an increased demand for high-quality oat hay varieties with adaptation 
across a wide range of environments. In addition, as the industry becomes more 
sophisticated, new quality parameters are emerging that need to be incorporated into new 
varieties. To provide growers, exporters and consumers with the desired hay quality and 
quantity, oat variety development for hay end use is essential to maintain Australia’s 
competitive advantage. 

This research project continues the National Oat Breeding Program component of improving 
oat varieties for hay production by selecting and promoting advanced breeding lines. One 
advanced breeding line, 05096-32, was identified and was launched in the spring of 2019. 

This project was funded from industry RD&E levy revenue, which was matched by Australian 
Government funds.  

This report for the AgriFutures™ Export Fodder Program adds to AgriFutures Australia’s 
diverse range of more than 2,000 research publications. It forms part of Arena 3, which 
drives to enhance the profitability and sustainability of our levied rural industries.  

Most of AgriFutures Australia’s publications are available for viewing, free downloading or 
purchasing online at www.agrifutures.com.au.  

 

John Smith 

General Manager, Research 
AgriFutures Australia 
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Executive summary 

What the report is about 

The report summarises the research conducted from July 2018 to June 2019 in the National 
Oat Breeding Program. Selections promoted during this project and new breeder’s lines 
identified for release will be discussed.  

Who is the report targeted at? 

This report targets growers, industry, and researchers in Australia and overseas who are 
interested in the development of improved oat varieties for hay production.  

Where are the relevant industries located in Australia?  

Hay producers are distributed throughout the southern region of Australia. Current oat hay 
exports exceed one million tonnes, with an expected market growth to 1.8 million tonnes in 
the next few years. Investment into new processing plants and increased capacity in current 
facilities shows the strength of the industry and potential for growth. Supplying demand for 
export hay will require higher hay yield and hay quality, but will also give growers in non-
traditional oat-growing regions an opportunity to produce hay for the export market. 
Currently, South Australia (SA) and Western Australia (WA) produce most export hay. 
Victoria (VIC) produces about 8%, and New South Wales (NSW) about 2% of the export 
market. However, two new hay-processing plants being built in 2019 will boost production in 
VIC. Hay for the domestic dairy and beef industry market is produced in the southern region 
of Australia.  

Background 

As the export oat hay industry expands, there is higher demand for oat hay varieties with 
adaptation across a wide range of environments and more discerning quality than 
previously. A National Oat Breeding Program was initiated to meet the challenge of 
improving oat varieties for hay production in Australia’s southern region, encompassing WA, 
SA, VIC, and southern NSW. The National Oat Breeding Program is based at SARDI’s 
Waite Campus, while a selection program, technical staff, and centre for oat quality research 
is located in DPIRD, Northam in WA. Hay trial sites are located in WA, SA, VIC and NSW. 

Aims/objectives  

The research aims to provide growers in traditional and non-traditional oat-growing regions 
with oat varieties with high gross margins. Traits to achieve the aims are high hay yield 
potential, enhanced hay quality, and combinations of disease resistance. The release of 
better oat hay varieties is essential to meet expectations of growers, exporters and 
consumers. This will be achieved by coordinating a National Oat Breeding Program that 
develops and characterises new oat varieties for the major oat hay-growing regions. The 
process of consulting growers and industry that had constraints using past varieties helped 
to formulate breeding priorities. It resulted in the rapid uptake of newly released varieties: 
about 90% in the eastern states and 40% in WA. Customers of export oat hay will also 
benefit by having a consistent fodder product. 
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Methods used  

The National Oat Breeding Program is based on classical plant breeding methods, with 
grower, industry and consumer input into developing breeding priorities and selection 
criteria. 

Results/key findings 

Advanced breeding lines were promoted to yield trials in 2019 on hay and grain productivity, 
hay and grain quality, disease resistance, and agronomic traits. Commercial seed bulk up 
proceeded for the new hay variety, Koorabup (05096-32), leading to the launch in spring, 
2019. Commercial seed will be available to growers for the 2020 growing season. This new 
variety has an excellent combination of disease resistance and a superior level of septoria 
resistance compared to current hay varieties. Four advanced breeding lines – 07079-9, 
07243-18, 08131-28, and 09283-36 – were identified for potential release. One thousand 
panicles were selected from each line and individually threshed for sowing in June 2019. 

Implications for relevant stakeholders 

The net benefits of developing improved hay varieties were estimated to be $119 million per 
annum with a 5% discount rate. Improved oat hay varieties return $41 to the Australian 
economy for every $1 spent on research.  

To provide growers, processors and customers with the desired hay quality and quantity, oat 
variety development for hay end use is essential to maintain Australia’s competitive edge. 

Recommendations 

Recommendations on the use of the new varieties are targeted at the research funding 
community, growers, and the fodder industry. The PIRSA/SARDI website has new variety 
brochures, technical dossiers, sowing guides, and oat breeding newsletters. 

The development of new phenotyping and genotyping technology is exciting. The program 
will embrace these technologies to increase the rate of genetic gain for hay variety 
improvement in future projects. An example is the Field Explorer ground-based field 
phenotyping platform available through the Australian Plant Phenomics Facility node at the 
Plant Accelerator in Adelaide. With hyperspectral-based indices, the LIDAR can produce 
accurate measures of hay yield. The hyperspectral imaging can produce measures of hay 
quality similar to those produced in lab-based NIR techniques. This technology will allow 
assessment of hay yield and hay quality at more sites in earlier generation trials, resulting in 
greater selection efficiency. A second example is genomic selection where breeding lines 
are assigned an estimated genotypic breeding value, resulting in greater selection efficiency. 
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Introduction 

Annual production of hay in Australia is about eight million tonnes, which is worth $1.75 
billion at farm gate. About 90% of production is used domestically and 10% is exported. The 
export hay industry produces more than one million tonnes per annum, up from 700,000 
tonnes 2010-11, with an annual growth rate of 10%. Japan is the primary market, but new 
markets are emerging in the Middle East (United Arab Emirates) and China, potentially 
increasing exports to 1.8 million tonnes in the next few years. 

Western Australia and South Australia lead the way for export hay production. However, 
Victoria will have 10 processing plants when the two new plants are built, significantly 
increasing its hay-processing capability. As the industry grows, it is essential that a 
consistent supply of high-quality oat hay can be sourced for their markets. To achieve this, 
new growers enter the scene, and current growers increase oat hay production. The growth 
in hay production has spread across the entire southern region, encompassing diverse 
environments, soil types, and production constraints. A diverse group of improved oat hay 
varieties is needed to meet this challenge, not only for the export market, but also the 
domestic market.  

The whole chain, from grower to hay marketer to end user in export and domestic hay, will 
benefit from the release of improved oat varieties for hay production. Growers will benefit 
from higher productivity and product quality due to better disease resistance, agronomic 
characters, and quality traits. Benefits to processors are a reliable supply of consistent 
premium quality hay. End users will benefit by having a consistent supply of palatable hay. A 
benefit-cost evaluation of the National Oat Breeding Program by the Centre for International 
Economics (CIE) for AgriFutures Australia was published in 2005. The program returns $41 
to the Australian economy for every $1 invested in its research.  
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Objectives 

The research and development objectives are to improve agronomic traits, including hay 
yield, disease resistance, and hay quality in hay varieties grown in southern Australia. With 
the changing climate, dry growing conditions, and the movement of oat hay production into 
non-traditional low-rainfall regions, tolerance of hay oat varieties to dry conditions is a 
component of the breeding program. Hay produced from the improved varieties will be used 
in the export and domestic markets. The export hay industry supports this research. Hence, 
the National Oat Breeding Program has close interaction with exporters to ensure the 
breeding priorities produce varieties that meet their market requirements.  

From this research, expected outcomes will be improved oat varieties for the export market 
that are more productive in traditional and non-traditional oat-growing regions. Advanced 
breeding lines selected for variety release will be protected by plant breeder’s rights, and the 
commercialising partner will have first option for commercialising the new varieties. 
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Methodology 

Early generation management 

The National Oat Breeding Program is centred at the Waite Precinct, SARDI, with a node at 
Northam, DPIRD. The crossing program generated a total of 279 crosses in 2018, with 114 
crosses specific to hay improvement. Crossing and early generation development occurred 
at SARDI. The design of crosses was based on breeding priorities. Germplasm was sourced 
from the Quaker International Oat Nursery and oat breeding programs globally. The F1 seed 
was grown in the glasshouse to produce F2 seed, which was sown in plots to produce bulk 
F3 seed. The F3 was sown in plots with low seeding rates for panicle selection from different 
plants, sampling the genetic variability generated from the crosses. The number of panicles 
selected in F3 populations was based on visual characters, and usually numbered about 200 
to 250 per cross. The panicles were sown to produce F4 headhills, which were selected on 
disease resistance, lodging and shattering resistance. F5 seed from headhills was weighed 
and, when sufficient grain was produced, it was sown in S1 trials in SA and WA. When there 
was insufficient grain for two locations, crosses with WA germplasm were sown only in WA. 
Stage 2 (S2), stage 3 (S3), and stage 4 (S4) trials were sown in SA and WA.  

Stage 1, 2, 3, 4 and 5 hay trials 

Stage 1 trials were sown at Turretfield Research Centre (TRC) in SA. Selected S1 trials 
were sown at one main location, Brookton in WA. S2, S3, and S4 hay and late hay trials 
were sown at TRC, Pinery, and Riverton in SA for grain yield and grain quality assessment. 
From a S4 hay trial sown at TRC, the whole plot was cut for hay yield and hay quality 
assessment. S2, S3, and S4 late hay trials were sown, but could not be cut because of the 
drought. Plant height was less than 20 cm. S4 hay trials were cut for hay using quadrants at 
Riverton, but Pinery was also affected by the drought and could not be cut. The S2, S3, and 
S4 hay trials were sown at three WA locations: Brookton, Cunderdin, and Wongan Hills. S4 
and S5 hay trials were cut for hay yield and quality assessment at Brookton (S4) and 
Cunderdin (S5). The S2 hay trial in Brookton was cut for hay using quadrants because of the 
drought in SA. The S3 hay trials at Brookton, Cunderdin, and Rylington Park were for 
observation, grain yield and grain quality assessment.  

Stage 5 trials consisted of S4 hay trial entries that were retained in S4 hay trials for two or 
more years. The trials were sown at additional sites in VIC and NSW to gain more hay yield 
and hay quality information about lines close to release. Two S5 hay trials were sown in VIC 
at Elmore and Horsham, and one trial was sown at Finley in NSW. The Elmore hay trial was 
affected by drought and could not be cut for hay. The hay trials at Horsham and Finley were 
cut for hay using quadrants. Seed increase for SA yield trials occurred at Wasleys, and WA 
seed increase occurred at Wongan Hills.  

These trials evaluated agronomic characters, disease resistance, hay yield, hay quality, 
grain yield, and grain quality.  

Trial design  

Stage 2 trials were partially replicated (p-rep) designs, while S3 trials had three replications 
in SA and two replications in WA. Stage 4 trials had three replications in SA, WA, VIC and 
NSW. The trials had 12 ranges, with varying numbers of plots per range, depending on the 
number of entries that were evaluated. Reference varieties are included as entries in each 
trial for comparison. 
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Hay cutting methods 

Hay yield was measured by two sampling methods: a forage harvester in the first, and 
quadrants were cut in the second. Both methods required plants to be cut at ground level for 
consistency in cutting height for hay yield and quality. In method one, the entire plot was cut, 
weighed, and a sub-sample taken. In method two, two 0.5 m2 quadrants were cut in the plot, 
weighed, and a sub-sample taken. Sub-samples were oven dried at 60° C for both methods. 
Hay yield was calculated as follows: dry weight (grams)/wet weight (grams) = percentage 
moisture. Total wet weight (grams) is multiplied by percentage moisture and converted to 
kilograms per hectare by conversion factors calculated for a 0.5 m2 quadrant and a 5 m x 
1.3 m plot. All S4 trials were sampled using quadrants, except TRC where the S4 was 
harvested using the forage harvester.  

Disease resistance and tolerance assessment  

Controlled-disease nurseries are an important part of the selection process. A septoria 
nursery sown at Manjimup WA was inoculated with infected septoria straw at sowing and 
again at the three-leaf stage. All breeding lines from S2 to S4 were assessed in the nursery. 
Infection was uniform, and valuable information was obtained for septoria reactions. A barley 
yellow dwarf virus nursery (BYDV) was sown at Manjimup WA to assess entries in S2 to S4 
trials. The trial was sown to encourage natural infection of BYDV. Infection was uniform in 
this nursery, and valuable notes were collected for BYDV reactions. Another trial was sown 
at Manjimup to assess leaf rust resistance. The trial was inoculated with leaf rust spores 
grown in the glasshouse. A stem rust nursery sown at Carnarvon was inoculated with stem 
rust grown in the glasshouse. Infection was also uniform in this nursery, and valuable notes 
were collected on stem rust reactions by DPIRD plant pathologists. Services purchased from 
the SARDI Plant Pathology Group provided CCN-resistant reactions for S1 and S4 lines. 
Seedling and adult plant resistance for the most virulent pathotypes of stem and leaf rust 
were provided by the Australian Cereal Rust Control Program.  

Natural infections of stem and leaf rust, and bacterial blight occur at TRC, Riverton, Pinery, 
and at the pure seed build-up site of Wasleys. These opportunities are important to assess 
field disease reactions. Red leather leaf disease occurs sporadically and, in recent years, 
with higher rainfall causing greater incidence and related yield losses. Research to 
understand the pathogen is underway in the GRDC-funded Oat Pre-breeding Program. 

Hay quality assessment 

The National Oat Breeding Program developed NIR calibrations to assess important hay 
quality traits of IVD, NDF and ADF, NDFdom30, WSC, and CP. Hay quality was assessed at 
selected sites in SA, WA, VIC and NSW. Stem diameter and hay colour were also evaluated. 
Visual assessments in S1 trials were made for early vigour, plant height, plant colour, and 
lodging and shattering resistance. Lines were retained and promoted to hay-specific trials at 
S2. Hay lines were also assessed for grain quality traits using NIR predictions for protein, oil, 
groat percentage, hull lignin, and hull brightness. Physical grain traits, hectolitre weight, 
screenings, and 1000-grain weight were also assessed for S2, S3, and S4 hay entries.  

Breeder seed development and variety release 

Breeder's seed will be developed for promising advanced breeding lines identified for 
release. There were 1000 panicles harvested from 07079-9, 07423-18, 08131-28, and 
09283-36. Each panicle was threshed individually into a small envelope. The panicles will be 
sown into individual rows for assessment of plant type and uniformity. The selected panicle-
derived rows will be sown into plots to again assess uniformity. Our commercial partner, 
AEXCO Pty Ltd, will commercialise the new variety releases.  
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Results 

Advanced breeding lines 

Breeding lines were advanced to the next level of evaluation when they met the selection 
criteria, which were based on breeding priorities developed in conjunction with growers and 
industry. The broad breeding priorities include improved productivity, agronomics, disease 
resistance, and hay quality. The selection criteria for advancing breeding lines were as 
follows:  

• Agronomics – early vigour, lodging and shattering resistance, maturity, and hay yield 
• Disease resistance and tolerance – CCN, stem and leaf rust, septoria, BYDV, bacterial 

blight, red leather leaf, and stem nematode  
• Hay quality – IVD, CP, NDF, ADF, WSC, stem diameter, and colour  
• Performance in low-rainfall environments and in a wide range of traditional environments.  

Grain quality was assessed, but was not a primary selection criterion for hay lines. 

 

Selection of advanced breeding lines for S2, S3 and S4 hay trials 

Trial location and data collection 

Stage 4 hay trials were sown at Pinery, TRC, and Riverton in SA, and Brookton and Wongan 
Hills in WA. S5 trials were sown at Cunderdin in WA, Elmore and Horsham in VIC, and 
Finley in NSW. S4 trials had 44 entries, and S5 trials had 30 entries. Due to the drought in 
eastern Australia, Pinery and Elmore had minimal biomass production, and were not cut for 
hay. All other trials were cut for hay yield, and hay quality was assessed. In WA, hay trials 
for observation were sown at Merriden, Dunn Rock, and Muresk. They were also harvested 
for grain yield. . 

Stage 4 late hay trials were sown at Pinery, TRC, and Riverton in SA, and Rylington Park in 
WA. The trials had 20 entries. Due to the drought, Pinery and TRC were not cut for hay 
yield. Riverton was cut for hay yield, and hay quality was assessed. Rylington Park was cut 
for observation, and grain yield was assessed. 

Stage 2 and S3 hay trials were sown at Pinery, TRC, and Riverton in SA, and Brookton, 
Cunderdin, and Rylington Park in WA. There were 85 entries in the S2 trial, and 120 entries 
in the S3 trial. Usually, the S2 and S3 hay trials at TRC are cut for hay yield and quality is 
assessed, but because of the drought, S2 and S3 trials could not be cut for hay yield. The 
S2 hay trial was cut at Brookton and hay quality was assessed. 

As discussed in the Methods section, all entries were assessed for disease reactions to stem 
and leaf rust, septoria, and BYDV. CCN was evaluated for S1 and S4 entries. 

Tables 1 to 7 summarise hay yield and hay quality data from the 2018 trials. 
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Table 1: 2018 Hay Yield and Quality results for Stage 4 hay trial entries grown at Riverton 

 

 

Table 1: 2018 Hay Yield and Quality results for Stage 4 hay trial entries grown at Riverton

Variety Hay Yield Digestibility WSC ADF NDF Protein NDFDom30

t/ha %dm %dm %dm %dm %dm %dm

BANNISTER 10.0 69.3 24.2 24.9 47.8 9.8 58.3

BRUSHER 10.2 66.8 22.9 26.5 49.7 9.0 53.1

CARROLUP 9.5 65.1 23.6 26.5 49.2 9.4 53.2

DUNNART 10.1 68.9 24.0 24.9 47.3 10.2 55.9

DURACK 9.0 65.8 25.3 26.2 48.5 9.3 52.0

EURABBIE 10.1 69.8 20.6 25.0 49.9 10.0 56.6

MULGARA 9.9 68.1 24.9 26.5 49.2 9.3 54.1

WILLIAMS 9.5 66.5 23.0 25.9 49.7 10.7 54.9

WINTAROO 10.1 65.3 19.9 27.6 52.2 8.3 54.5

YALLARA 9.9 69.4 26.8 24.7 45.6 10.0 54.1

04199-3 9.5 70.1 28.5 24.5 45.0 9.1 55.9

05096-32 9.4 66.4 22.9 26.9 51.2 9.4 51.8

07079-9 10.0 66.0 21.3 26.3 49.6 9.2 55.4

07245-8 10.7 69.0 26.5 25.5 48.7 8.9 53.4

07423-18 10.3 68.2 21.8 26.7 49.4 9.7 54.3

08058-6 10.4 68.4 28.0 25.2 47.3 8.7 55.0

08068-4 9.7 67.2 25.5 26.4 48.8 9.4 53.4

08076-18 9.6 70.1 24.5 24.7 46.7 9.3 57.7

08083-5 9.6 70.5 27.8 24.4 45.0 9.4 57.8

08087-23 10.2 67.9 27.1 26.0 47.6 8.8 54.0

08131-28 9.7 70.7 26.2 24.0 45.8 9.5 57.8

08302-4 9.9 66.1 23.3 26.1 49.2 9.5 54.7

09118-2 9.6 70.6 27.6 24.5 45.7 9.6 56.6

09283-34 9.9 68.0 26.8 26.7 48.5 9.6 52.6

09283-36 10.2 68.1 25.1 26.4 48.3 9.0 55.3

10058-16 9.7 70.8 27.4 24.6 45.9 9.8 55.8

10105-2 10.1 66.0 21.6 26.9 48.9 9.8 52.2

10109-27 9.5 66.8 22.8 26.0 48.9 9.6 52.1

10129-6 9.6 66.5 22.4 26.3 49.9 9.0 53.1

10190-10 9.4 69.2 25.2 25.0 47.4 10.3 56.0

11026-20 9.2 65.3 22.1 27.1 50.6 9.8 54.0

11026-3 9.8 67.2 23.0 26.5 49.9 9.2 53.4

11035-5 9.4 66.6 22.8 26.4 49.9 8.4 52.1

11056-5 10.0 64.5 18.3 27.8 52.8 8.9 52.2

11062-4 9.9 63.7 17.4 27.6 52.1 8.1 51.1

11067-8 9.6 70.1 29.2 24.8 46.2 9.2 55.5

11072-14 9.5 67.8 24.2 25.6 47.9 9.9 54.2

11088-16 10.2 66.6 22.2 26.6 49.4 9.0 52.5

11215-13 9.9 65.7 20.0 27.5 51.4 9.6 52.5

11217-10 9.7 69.0 24.6 25.4 48.3 9.5 54.3

11217-19 10.0 66.7 22.3 26.6 50.7 9.6 54.2

11217-20 9.8 68.1 21.9 25.8 49.7 9.0 53.6

11239-19 10.0 66.7 23.3 26.2 48.6 9.1 52.7

11249-48 9.3 70.0 27.7 24.3 45.0 9.8 55.0
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Table 2: 2018 Hay Yield and Quality results for Stage 4 hay trial entries grown at Brookton 
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Table 3: 2018 Hay Quality results for Stage 4 hay trial entries grown at Turretfield (no genetic 
variance for protein) 

 

 

 

 

Table 3: 2018 Hay Quality results for Stage 4 hay trial entries grown at Turretfield (no genetic variance for protein)

Variety Digestibility WSC ADF NDF NDFDom30

%dm %dm %dm %dm %dm

BANNISTER 71.3 18.2 23.8 50.6 58.2

BRUSHER 72.2 24.6 24.2 49.4 58.9

CARROLUP 70.5 20.5 24.2 49.8 54.3

DUNNART 71.1 21.6 23.9 49.6 57.7

DURACK 69.2 25.4 25.5 51.6 55.9

EURABBIE 76.8 27.9 21.6 44.9 62.2

MULGARA 71.1 24.3 24.8 50.1 57.5

WILLIAMS 69.9 21.3 24.8 51.6 57.7

WINTAROO 75.1 23.6 22.3 47.9 59.3

YALLARA 67.5 14.5 25.7 51.7 53.4

04199-3 69.8 18.4 24.3 50.3 55.6

05096-32 72.7 23.2 24.4 49.4 59.4

07079-9 73.7 26.2 23.2 48.3 62.0

07245-8 71.4 24.3 24.5 51.8 60.3

07423-18 71.3 22.4 25.2 50.7 58.2

08058-6 71.5 24.4 24.2 48.0 55.9

08068-4 72.3 26.6 24.2 49.3 59.7

08076-18 71.5 20.6 24.2 48.9 56.3

08083-5 72.6 22.0 22.8 47.9 59.2

08087-23 69.8 21.3 24.9 50.1 57.9

08131-28 73.1 22.4 23.4 48.4 56.4

08302-4 70.2 20.3 24.4 49.0 55.2

09118-2 71.8 23.4 24.1 49.4 56.3

09283-34 72.5 23.2 24.4 49.7 58.9

09283-36 72.5 21.9 23.7 48.5 56.1

10058-16 76.2 25.5 22.4 46.7 61.1

10105-2 74.8 26.4 23.0 47.5 61.7

10109-27 73.6 23.7 23.6 47.6 60.7

10129-6 74.5 23.7 23.2 47.1 61.2

10190-10 71.0 22.6 24.7 49.4 57.0

11026-20 69.1 19.4 25.2 50.7 55.3

11026-3 74.5 27.3 23.1 47.6 60.8

11035-5 71.3 21.7 24.5 49.7 58.5

11056-5 74.2 26.4 23.7 48.0 61.3

11062-4 70.8 20.8 24.5 50.2 58.5

11067-8 70.8 22.6 24.6 50.2 55.5

11072-14 71.6 20.4 24.1 49.5 57.1

11088-16 74.3 27.6 23.4 47.8 60.8

11215-13 74.2 26.4 23.3 47.8 61.0

11217-10 72.5 23.7 23.5 48.7 58.4

11217-19 75.5 26.2 23.0 47.6 61.5

11217-20 71.2 20.9 24.2 49.7 57.7

11239-19 74.9 24.7 23.2 48.0 61.7

11249-48 73.6 25.1 23.2 48.4 59.1
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Table 4: 2018 Hay Yield and Quality results for Stage 5 hay trial entries grown at Horsham 
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Table 5: 2018 Hay Yield and Quality results for Stage 5 hay trial entries grown at Finley 

 

 

 

 

 

 

 

 

Table 5: 2018 Hay Yield and Quality results for Stage 5 hay trial entries grown at Finley

Variety Hay Yield Digestibility WSC ADF NDF Protein NDFDom30

t/ha %dm %dm %dm %dm %dm %dm

BANNISTER 5.0 68.9 20.1 25.5 50.2 11.9 65.6

BRUSHER 5.6 66.8 23.2 26.9 50.7 10.1 58.5

CARROLUP 4.4 64.4 20.6 27.5 51.3 10.6 57.8

DUNNART 5.3 67.5 22.7 25.8 49.5 10.9 62.3

DURACK 4.7 64.0 19.1 28.0 52.2 10.6 54.6

EURABBIE 4.6 72.3 26.4 23.8 46.1 11.5 65.2

MULGARA 5.1 66.9 22.1 27.4 51.1 10.7 60.5

WILLIAMS 4.7 65.0 17.7 27.5 52.5 11.2 59.5

WINTAROO 5.4 66.5 21.0 27.1 51.9 10.9 61.7

YALLARA 5.1 65.9 20.3 27.1 50.5 10.7 58.7

04199-3 5.3 69.3 23.6 25.1 47.3 11.3 62.1

05096-32 5.4 65.4 19.4 27.9 52.9 10.2 57.3

07079-9 5.2 69.3 25.4 25.7 48.9 10.9 64.2

07245-8 4.8 66.1 21.8 27.3 52.5 10.4 58.5

07423-18 5.0 66.6 22.0 27.8 52.1 9.9 60.7

08058-6 5.1 66.8 24.3 26.4 49.6 10.7 60.1

08068-4 5.1 66.8 23.3 27.1 50.6 10.0 59.8

08076-18 5.1 69.2 22.8 25.6 48.9 11.4 64.1

08083-5 4.9 71.8 26.6 23.9 44.9 11.0 65.5

08087-23 5.1 65.7 22.7 27.2 51.2 10.5 59.5

08131-28 4.7 69.5 24.0 24.7 47.9 11.0 64.5

08302-4 4.9 66.4 21.2 26.9 50.8 11.3 60.5

09118-2 5.0 69.6 24.9 25.0 48.0 11.0 64.0

09283-34 5.1 66.9 22.9 27.4 50.6 10.6 59.6

09283-36 5.2 67.6 23.5 26.6 49.7 10.8 62.1

10058-16 4.9 69.2 23.7 25.4 48.1 10.6 62.4

10105-2 5.0 68.2 22.6 26.2 48.7 10.4 59.4

10109-27 5.3 66.3 21.0 26.7 50.2 11.1 57.3

10129-6 5.1 66.7 22.4 26.7 50.3 10.5 59.7

10190-10 5.3 68.0 23.2 26.4 49.6 11.2 63.1
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Table 6: 2018 Hay Quality results for Stage 5 hay trial entries grown at Cunderdin (no genetic 

variance for WSC or NDFDom30) 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6: 2018 Hay Quality results for Stage 5hay trial entries grown at Cunderdin (no genetic variance for WSC or NDFDom30)

Variety Digestibility ADF NDF Protein

%dm %dm %dm %dm

BANNISTER 70.3 26.9 47.2 7.3

BRUSHER 69.4 27.0 48.0 7.0

CARROLUP 68.8 27.9 48.2 7.0

DUNNART 69.5 27.2 47.1 7.0

DURACK 68.7 27.5 48.1 7.2

EURABBIE 70.8 26.6 46.9 7.1

MULGARA 69.4 27.0 48.0 7.0

WILLIAMS 69.0 27.7 48.3 7.0

WINTAROO 68.8 28.0 49.3 7.0

YALLARA 69.4 27.4 46.9 6.9

04199-3 70.7 26.3 45.5 7.3

05096-32 68.5 27.8 49.3 6.9

07079-9 70.8 26.3 47.4 7.0

07245-8 68.5 28.2 48.2 7.0

07423-18 69.1 27.0 48.4 6.7

08058-6 69.1 27.5 47.7 7.2

08068-4 69.2 27.3 47.9 6.9

08076-18 70.2 26.9 47.0 7.2

08083-5 71.4 26.2 45.0 7.1

08087-23 69.1 27.1 47.9 7.1

08131-28 69.7 27.1 46.5 7.2

08302-4 69.9 27.1 48.1 7.2

09118-2 70.2 26.3 46.3 7.1

09283-34 69.0 27.3 47.8 7.0

09283-36 69.5 27.0 47.6 7.2

10058-16 68.6 28.5 47.2 6.9

10105-2 69.8 26.7 47.5 6.8

10109-27 68.7 27.8 48.2 7.1

10129-6 68.8 27.8 48.5 7.0

10190-10 69.8 27.2 47.2 7.0
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Table 7: Hay Yield and Quality results for Stage 4 late hay trial entries grown at Riverton (no 
genetic variance for protein) 

 

Breeding line promotions to 2019 S2, S3 and S4 hay and late hay trials 

Stage 2 hay trial 

A total of 187 lines were promoted from S1 trials to the S2 hay trial. Eight checks were 
included in the trial for comparison, making the total number of entries 195. 

Stage 3 hay trial 

There were 37 lines promoted from the 2018 S2 hay trial, and nine lines were retained from 
the 2018 S3 hay trial, with six check varieties for comparison. The total number of entries for 
the 2019 S3 hay trial is 52.  

Stage 4 hay trial 

There were 40 lines promoted from the S3 hay trial, 18 retained from the 2018 S4 trial 
including Koorabup, four lines in breeder seed production, and 10 check varieties for 
comparison. The total number of entries for the 2019 S4 hay trial is 68.  

Stage 2 late hay trial 

There were 57 lines promoted from 2018 S1 trials. There were six checks included in the 
trial for comparison, making the total number of entries 63. 

Stage 3 late hay trial 

There were 14 lines promoted from the 2018 S2 late hay trial, with six check varieties, 
making the total number of entries 20. 

Stage 4 late hay trial 

There were three lines promoted from the 2018 S3 late hay trial, six retained from the 2018 
S4 trial, with seven checks, making the total number of entries 16. 

Table 7: 2018 Hay Yield and Quality results for Stage 4 late hay trial entries grown at Riverton (no genetic variance for protein)

Variety Hay Yield Digestibility WSC ADF NDF NDFDom30

t/ha %dm %dm %dm %dm %dm

EURABBIE 9.6 69.4 21.7 26.9 50.1 56.1

FORESTER 9.4 68.4 20.1 27.2 52.9 57.7

GLIDER 11.6 67.0 19.3 27.4 53.2 55.2

KANGAROO 10.8 63.9 16.5 29.0 56.0 50.1

TAMMAR 11.4 65.1 16.7 28.6 56.1 50.7

TUNGOO 10.3 65.1 18.8 28.6 53.2 50.1

03231-49 11.0 66.0 21.5 27.7 52.0 52.7

03276-32-12 11.4 67.5 20.0 27.7 52.4 54.0

06061-15 10.2 66.7 22.0 27.1 50.7 51.3

08065-14 10.1 67.7 23.4 26.8 49.3 52.4

08066-17 10.3 67.5 21.3 27.1 51.7 54.8

08323-21 10.7 67.1 22.7 27.4 51.2 53.5

09118-27 12.1 66.4 20.4 27.7 53.1 53.2

09233-8 10.4 67.1 19.2 26.7 50.1 54.1

09289-11 11.8 66.0 19.2 27.9 53.1 53.2

10307-5 11.8 66.5 22.6 27.1 51.3 53.7

11059-10 9.6 65.5 19.9 27.7 51.3 51.6

11064-11 10.3 66.5 20.7 27.8 52.2 54.2

11175-9 11.4 65.6 19.0 28.1 54.2 53.1

11177-3 12.3 65.4 20.2 27.5 53.3 51.4
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Trial design and data analysis 

The hay trials were designed using the program AGROBASE®. Biometrics SA used spatial 
techniques to analyse data for each site and year. From the spatial analysis, the variety by 
trial means was combined with tables from previous years. The combination formed the data 
for an overall mixed model analysis to predict long-term hay yield and quality. 

Data for released varieties in S4 hay and late hay trials  

The National Oat Breeding Program team produces a Spring Newsletter once a year that is 
distributed to more than 200 industry personnel, growers, consultants and researchers by 
email. It is also available on the PIRSA/SARDI website. Links to the Newsletters for 2018 are 
included in the appendices of the Final Report. The Spring Newsletter presents information 
about the entries selected for the new growing season, sites selected for trials, breeding 
program research projects, and oat trials conducted by other research groups. It also has  
data for long-term hay and grain yield, long-term hay and grain quality, disease reactions, 
and descriptions of new hay and grain varieties. 

 

Implications 

Benefit-cost analysis  

The net benefits of developing better hay varieties were estimated to be $119 million per 
annum with a 5% discount rate. Improved oat hay varieties return $41 to the Australian 
economy for every $1 spent on research (RIRDC Publication No 05/169). The release of 
more improved oat hay varieties since this study was completed may improve the return on 
investment. 

National Program 

The National Oat Breeding Program has gained national recognition for producing improved 
oat hay varieties for hay production, offering growers of export and domestic hay varietal 
choices and higher profits. Through royalty payments, the program has generated income 
streams for the equity partners, SARDI and AgriFutures, and will continue to develop 
improved varieties.  

The creation of Australian Export Company (AEXCO) led to a unique arrangement of 
information sharing between the National Oat Breeding Program and industry, representing 
growers, exporters, and customers/markets. This association has helped with rapid uptake 
of new improved varieties.  

Growers 

New varieties offer growers a broad spectrum of root and leaf disease resistances, a range 
of maturities to reduce the risk of weather damage, resistance to brown leaf, higher grain 
yield potential than with traditional hay varieties, higher quality feed grain, and an increased 
opportunity to achieve premium grade export hay. The result has increased economic 
returns to growers. Seed producers have also benefited economically by the production of 
quality-assured seed of the new varieties for AEXCO. 
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Exporters 

New varieties provide opportunities to meet customer expectations for the consistent supply 
of high-quality hay for dairy and beef cattle. As a result, Australian exporters will have a 
greater market share than the USA and Canada. 

The commercialisation arrangement with AEXCO and the National Oat Breeding Program 
has provided a unique feedback opportunity to the breeding program from growers and 
consumers about breeding priorities. Moreover, the creation of AEXCO gives exporters a 
sense of ownership of the new varieties. The fast uptake of new varieties is the result of this 
relationship.  

Customers 

New varieties provide a consistent supply of quality oat hay with characters that improve 
animal performance for milk production and meat quality.  

Recommendations 

Continued funding support from AgriFutures will result in advancement of improved hay oat 
varieties and more options for growers, exporters, and the domestic market. The exporters 
are supporting this research and development, and further input into identifying and 
prioritising important traits in hay varieties is essential for continued improvement.  

The development of new phenotyping and genotyping technology is exciting. The program 
will embrace these technologies to increase the rate of genetic gain for hay variety 
improvement. An example is the Field Explorer ground-based field phenotyping platform 
available through the Australian Plant Phenomics Facility node at the Plant Accelerator in 
Adelaide. This platform incorporates hyperspectral imaging, conventional RGB imaging and 
LIDAR to provide plot-based performance measures. The LIDAR produces a high-resolution 
3D representation of the field plots as well as a measure of density of the plot. Together with 
hyperspectral-based indices, the LIDAR can produce accurate measures of hay yield. The 
hyperspectral imaging can produce measures of hay quality similar to those produced in lab-
based NIR techniques. This technology will allow assessment of hay yield and hay quality at 
more sites in earlier generation trials, resulting in greater selection efficiency. A second 
example of genotyping technology is genomic selection where breeding lines are assigned 
an estimated genotypic breeding value, resulting in greater selection efficiency. 
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Appendices 

Oat Newsletters: 2012 to 2018 are available on the SARDI website.  
https://www.pir.sa.gov.au/research/research_specialties/crop_sciences/crop_improvement 

Oat breeding newsletters: 

 Spring Edition - November 2019  
 Spring Edition - October 2018   
 Spring Edition - November 2017  
 Spring Edition - October 2016  
 Spring Edition - October 2015  
 Spring Edition - September 2014  
 Spring Edition - September 2013  
 Spring Edition - October 2012  

 

Oat Sowing Guides: published every year on the SARDI website 

 

https://www.pir.sa.gov.au/research/research_specialties/crop_sciences/crop_improvement
https://www.pir.sa.gov.au/__data/assets/pdf_file/0015/353040/SARDI_Oat_Newsletter_2019.pdf
https://www.pir.sa.gov.au/__data/assets/pdf_file/0018/334332/SARDI_Oat_Newsletter_2018.pdf
https://www.pir.sa.gov.au/__data/assets/pdf_file/0013/301243/SARDI_Oat_Newsletter_2017_1.pdf
https://www.pir.sa.gov.au/__data/assets/pdf_file/0017/284111/SARDI_Oat_Newsletter_Oct_2016.pdf
https://www.pir.sa.gov.au/__data/assets/pdf_file/0017/271250/SARDI_Oat_Newsletter_2015.pdf
https://www.pir.sa.gov.au/__data/assets/pdf_file/0019/238006/springharvest_2014_compressed_pictures.pdf
https://www.pir.sa.gov.au/__data/assets/pdf_file/0017/238004/Oat_Breeding_Newsletter_-_September_2013.pdf
https://www.pir.sa.gov.au/__data/assets/pdf_file/0003/238008/Oat_Newsletter_2012.pdf


AgriFutures Australia  

Building 007
Tooma Way
Charles Sturt University
Locked Bag 588
Wagga Wagga NSW 2650

02 6923 6900 
info@agrifutures.com.au

@AgriFuturesAU
agrifutures.com.au

AgriFutures Australia is the trading name for Rural Industries Research & Development Corporation. 
AgriFutures is a trade mark owned by Rural Industries Research & Development Corporation.

Improved Oat Varieties for 
Hay Production 
Extension of PRJ-007615

by Pamela Zwer

February 2020

AgriFutures Australia Publication No. 19-057

AgriFutures Australia Project No. PRJ-007615

ISBN: 978-1-76053-063-1




