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8-8.25am Tea and coffee on arrival

8.25-8.30am Welcome and outline of the day
  Ms Toni Nugent, PR Manager, Graham Centre

8.30-9.15am Keynote address: Improved sheep industry productivity & product quality
 Professor James Rowe, Sheep CRC

9.15-9.35am Prevalence of anthelmintic resistance in sheep 
 Insecticide resistance in sheep blowflies
 Dr Garry Levot (NSW DPI) and Dr Ben Brown (Novartis Animal Health)

9.35-9.55am Local perspective on drench resistance (Hume LHPA  drench  resistance results) 
 Dr Amy Shergold (LHPA) 

9.55-10.15am Economics of drench resistance
 Dr Rob Woodgate (Graham Centre for Agricultural Innovation  
 (NSW Department of Primary Industries and Charles Sturt University))

10.15-10.45am Panel Session (all session speakers)

10.45-11.15am MORNING TEA

11.15-11.35am Flexibility in sheep systems is important for risk management in variable climates  
 – lessons from EverGraze research at Tarcutta 
 Associate Professor Michael Friend (Graham Centre for Agricultural Innovation  
 (NSW Department of Primary Industries and Charles Sturt University))

Graham Centre Sheep Forum
28 June 2013 - CSU Convention Centre, Wagga Wagga

An alliance between
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11.35-11.55am Grazing late-pregnant & lambing ewes on dual-purpose wheat
 Mr Shawn McGrath (Graham Centre for Agricultural Innovation  
 (NSW Department of Primary Industries and Charles Sturt University))

11.55-12.15pm Fibre chop length & acidosis in sheep
 Ms Brooke White (CSU)

12.15-12.35pm Successful pasture establishment in a cropping rotation
 Mr Geoff Casburn and Mr Richard Hayes (NSW DPI) 

12.35-1.05pm Panel Session (all session speakers) 

1.05-1.10 Wrap up of morning session and explanation of afternoon workshops 
 Ms Toni Nugent, PR Manager, Graham Centre

1.10-2pm LUNCH (sponsored by LambPro)

2-3pm Workshops:
 A. Faecal egg counts and drench check (CSU sheep yards)
  Dr Tony Morton and Dr Amy Shergold (LHPA) 
 B. To undersow or not? (Convention Centre)
  Mr Geoff Casburn and Mr Richard Hayes (NSW DPI)

3.15-4.15pm Workshops:
 A. Faecal egg counts and drench check (CSU sheep yards)
  Dr Tony Morton and Dr Amy Shergold (LHPA) 
 C. To undersow or not? (Convention Centre)
  Mr Geoff Casburn and Mr Richard Hayes (NSW DPI)
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This year we are focusing on Efficiency of Production,  
including improving the productivity of the sheep industry, 
drench and insecticide resistance, including economics, 
risk management in variable climates, the suitability of 
dual-purpose wheat as a feed source for reproducing ewes, 
fibre chop length and acidosis, and successful pasture 
establishment in cropping rotations.

Our forum aims to showcase the latest research from the 
Graham Centre and industry, to assist producers to develop 
and maintain robust and profitable sheep production systems. 
The forums provide information that can be taken home 
and applied immediately to your current business, as well as 
providing a platform for discussion and networking with your 
peers and industry experts. 

We look forward to your suggestions and discussion today  
and in the future about the constraints and opportunities 
facing our livestock production systems. 

Regards,

Professor Deirdre Lemerle,  
Director Graham Centre for Agricultural Innovation

Welcome to our 2013 Sheep Forum
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Professor James Rowe 
Sheep Cooperative Research Centre 
Email: jrowe@une.edu.au

• 

Changes and challenges in the sheep industry

Lamb and sheep meat

During the period from the early 1990s to 2010, the sheep  
flock decreased from around 140 million to less than  
90 million. Over the same period, lamb production increased  
from around 260,000 tonnes per year to 450,000t. The reasons 
for this increase in productivity were:

• A steady increase in carcase weight of around 200 grams 
per carcase per year, from around 17 kilograms in 1990  
to over 21kg by 2010.

• An increase in the percentage of ewes in the flock  
from around 56 to 84 percent. 

Another important change over this 20-year period was a 
consistent improvement in lamb and sheep meat prices, with 
the trend line increasing by an average 12 cents/kg/carcase/
year for both lamb and mutton.

With declining numbers of sheep throughout the world  
there has also been strong demand for mutton and live export 
to the Middle East. With increasing pressure on live export,  
on welfare grounds, the future of this component of the 
market is not certain.

While in a good position, the challenges for the sheep  
meat industry are to maintain the position of lamb as a  
top-quality niche product, priced at the top end of the  
red meat range, and develop a broader range of options  
for yearling Merinos.

Wool 

Over the last 20 years there have been a number of significant 
changes in the wool industry, many as a result of the cessation of 
the wool reserve price scheme in 1991. These changes include:

• A decline in the size of the national flock from around 170 
million to less than 90 million sheep, resulting in a decrease 
in national wool production from nearly 900 million kg to 
less than 350 million kg.

• A change in the composition of the flock characterised  
by an increase in the percentage of ewes and a decrease  
in number of wethers kept for wool production.

• A decrease in average fleece weights (Figure 1) as a result 
of the increasing percentage of ewes, and many sheep 
producers with medium fibre diameter and heavy fleece 
weights, selling their flocks and moving into cattle.

• From around 1999 a rapid decrease in the production  
of wool 21 micron and above, with a significant increase 
in production of wool below 18.5 micron (Figure 2). This 
occurred through genetic selection and a reduction in the 
number of sheep producing medium (21-23) micron wool. 

• Inconsistent price premiums for finer micron wools 
providing mixed market signals for breeders and producers. 

Despite extensive marketing of wool as a luxury product, it 
still trades as a commodity fibre with reasonably consistent 
price ratios against cotton and man-made fibres. The long-
term trend in the price of wool since 1990 has been a decrease 
of 4c/kg/yr. The growing market for lightweight next-to-skin 
knitwear represents an opportunity for wool, as its softness 
and qualities of moisture absorption and odour management, 
provide positive differentiation from other fibres. But the 
perception that wool garments can be prickly and itchy 
remains a major obstacle for the industry. Animal welfare, in 
particular mulesing, are issues that need attention to ensure 
continued access to all sectors of the high-value garment 
market where consumers have a wide range of choice. 

Figure 1. Average fleece weight of the national flock from 1860 
to 2010. 

Source: Hitches (1988) and Wool Forecasting committee (2013)

Improving sheep industry productivity and product quality

Take home messages:

• The application of new genomic technology 
developed by the Sheep Cooperative Research Centre, 
for the Australian sheep industry, is set to increase 
rates of gain and provide scope for selecting for a 
number of difficult to measure traits such as meat 
eating quality, reproductive efficiency and resistance 
to parasites.

• Management systems and quality control, used in 
conjunction with genetic improvement, provide 
opportunities to position lamb and wool as premium 
products in the meat and textile markets.

• The ability to objectively measure next-to-skin comfort 
and handle properties of wool knitwear, will overcome 
key barriers to wools expansion into this high value 
market.

• Breeding well-adapted sheep, and improved 
management of ewes, provide opportunities to 
improve reproductive efficiency.
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Figure 2. Changes in the amount of wool production in 
different fibre diameter categories between 1997 – 2009.

 

  
   

Source: Australian Wool Industry  Secretariat  (2010)

Sheep CRC research outcomes

Central to the Sheep Cooperative Research Centre’s (CRC) 
research over the last six years has been the Information 
Nucleus program, set up to provide a resource for collecting 
genetic, biological and production data. Each year about 
100 young rams were selected that were representative of 
the major breeds and joined, using artificial insemination, to 
around 5000 ewes distributed across eight sites in different 
climatic zones throughout southern Australia. The progeny 
were measured for a wide range of traits including a number 
of novel and expensive parameters such as consumer tests 
for eating quality, intra-muscular fat and omega-3 fatty 
acids. Samples of DNA were analysed using the 50k SNP-test 
and sub-samples of DNA stored for further analysis as DNA 
technologies develop further. With measurements for over 
18,000 lambs and more than 10,000 genotype analyses, the 
new data has provided a rich resource for researchers and 
formed the basis for developing new predictions of breeding 
values based on genomic data.

The addition of genomic information to the measurement of 
performance and use of pedigree data adds to the accuracy 
of predicting true genetic merit, and is particularly useful 
in selecting younger animals for use in breeding programs 
and for incorporating difficult-to-measure traits in selection 
indexes. It is estimated the use of genomic data can improve 
accuracies by around 40% when selecting month old Merino 
rams, and around 12% when selecting rams at 18 months 
of age. For meat breeds, the main benefits of genomic 
information are seen in selection for eating quality traits and 
parasite resistance.

Meat science and eating quality

The breeding direction set by the lamb industry around 1990 
was to produce larger leaner carcasses by increasing muscling, 
producing less fat and achieving faster growth rates. This 
approach has successfully changed the lamb product for 
export and domestic markets. The clear market signals, and 
relatively straightforward set of traits to select for, made this 
transition relatively fast and effective. 

The CRC’s Information Nucleus program showed a number 
of rams considered as elite sires on the basis of growth rate, 
muscling and lean meat yield, were amongst the poorest 
performers in terms of consumer scores for eating quality.  
The characteristics of sheep meat having the greatest influence 
on consumer perception of eating quality were found to 
be content of intramuscular fat (IMF) and sheer force of the 
muscle. While there is a strong negative relationship between 
increased lean meat yield and decreasing eating quality, there 
is sufficient variation around the relationship to provide good 
opportunities for selecting animals that can both deliver 
increased lean meat yield and superior eating quality. 

Measuring IMF and shear force in breeding programs is very 
expensive and would be impossible for most breeders. The 
development of genomic predictions of breeding values 
for these key traits is an important outcome from the CRC’s 
research. It means that selection for parallel improvements 
in lean meat yield and eating quality are now possible. The 
discovery of new traits, such as omega-3 fatty acids, retail 
shelf life and meat colour, paves the way for further positive 
differentiation of lamb as a premium product.

But it is imperative measurements are made on animals  
in order to ensure selection accounts for the variation in eating 
quality, and maintains the high industry standards for this 
critical factor underpinning the high value of lamb.

Wool – lightweight next-to-skin knitwear

The Sheep CRC has produced a quality management system 
for wool knitwear that will allow retailers and manufacturers  
to produce next-to-skin wool garments with predictable 
comfort and handle. At the heart of the system are two 
breakthrough technologies: The Wool ComfortMeter and  
The Wool HandleMeter. 

After five years of comprehensive consumer wearer trials and 
parallel development of the new measuring system, we have 
an instrument that accurately predicts next to skin comfort. 
The WoolComfort Meter allows retailers and manufacturers to 
specify a numerical value for comfort in their buying orders. 
This means, that for the first time, retailers and manufacturers 
have a means of objectively specifying and promoting a 
garment on the basis of superior comfort, and thereby 
overcome the concern of many consumers that wool garments 
can be itchy or prickly. 

A parallel program was focused on defining and calibrating 
handle measurements with expert assessors and consumers. 
As a result, we have developed an instrument that objectively 
measures and communicates the handle attributes of next-to-
skin wool knitwear. The Wool HandleMeter measures the seven 
core attributes of handle: smoothness, softness, warm feel, 
dry feel, hairiness, tightness and perceived weight as well as 
an overall luxury handle index. The Wool HandleMeter allows 
retailers to specify a value for fabric handle in their buying 
orders, generating specifications for wool types and processing 
procedures to ensure buyer requirements are met by the 
supply chain. 

A research pilot project is currently underway with AWTA 
providing a testing service with the Wool ComfortMeter and 
HandleMeter in Australia and in China. The new measurement 
systems offer retailers and knitters the ability to: 
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• Differentiate their next-to-skin wool products on the basis 
of elite comfort and hand feel. 

• Develop a new range of second generation next-to-skin 
products that perform on comfort and superior handle. 

• Transparently source and supply product against clear, 
objective specifications for comfort and handle, removing 
reliance on human estimation and the accompanying risk 
of customer dissatisfaction and product returns. 

• Consistently provide elite quality next-to-skin products, 
ensuring product comfort levels and handle standards are 
met not only between batches, but across seasons. 

It is anticipated the new measurement system will support 
and expand the demand for wool in the high-value market for 
lightweight base-layer garments worn next to the skin. The 
high heritability of both fibre diameter and fleece weight will 
allow the sheep industry to rapidly respond to any change in 
market signals for finer wools suited to lightweight knitwear.

Sheep and their management

Reproduction efficiency - number of lambs weaned (NLW), is 
an increasingly important trait as the income from livestock 
sold, and the importance of having surplus animals from 
which to select, are both recognised profit drivers in a number 
of production systems. This is a relatively new development 
for many Merino breeders traditionally focusing on a self-
replacing Merino flock where large numbers of wethers are 
kept for wool production.

With low heritability of the trait NLW, and with relatively few 
rams having data available for this trait, the CRC focused on 
management options for improving reproductive efficiency. 
Two programs initiated by the CRC were the ‘Lifetime Ewe 
Management’ (LTEM) training program and the workshop 
series ‘Managing Scanned Ewes’. 

The small group training program – LTEM has been very 
successful in achieving practice change and improvement in 
lambs weaned, as well as increased stocking rates through 
better feed budgeting. It is now being supported by AWI and 
continues to be run and coordinated by RIST. 

The Managing Scanned Ewes workshop was conducted with 
pregnancy scanning contractors and their clients. It presented 
similar principles of ewe management used in the LTEM 
program, of ensuring ewes are kept around condition score 3 
during key periods of the reproduction cycle. It too has been 
a successful program, and has resulted in widespread practice 
change and improved lamb weaning percentages by those 
attending the workshops.  

As more data becomes available from the Information Nucleus 
flocks, there is growing evidence that NLW may soon become 
one of the traits we can predict from genomic analysis with 
sufficient accuracy to be useful in commercial breeding 
operations. 

Management of parasites (worms, flies and lice) and associated 
losses remains a major cost for the sheep industry. One of 
the major contributions of the Sheep CRC in this area has 
been the development of a coordinated national approach to 
parasite management. Through the development of WormBoss 
and FlyBoss, and the re-writing of LiceBoss, with assistance 
from AWI, the CRC has produced an up-to-date web-based 
national resource that is increasingly used by parasitologists, 
veterinarians, producers and service providers as information 
of choice in making decisions on parasite management. The 
integrated ‘ParaBoss’ program will be launched by June 2013 
and in this form will be managed and updated outside the CRC 
with support during the transition from AWI and MLA.

The CRC has also contributed to an improved understanding 
of factors contributing to sheep that are better adapted to 
the production systems and environments in which they are 
run. The workshop series ‘Bred-well Fed well’ was developed 
by the CRC for this purpose and its continued delivery is now 
supported by MLA and AWI. The publication ‘Sheep – the simple 
guide to making more money with less work’ has been prepared 
for WA producers and adapted for producers in the sheep-
cereal zones. Further versions will be produced for the high 
rainfall zones. 

There is also considerable research still underway to 
understand the impact of genetic parameters, management 
decisions and environmental factors on the well-being and 
productivity of sheep. Preliminary results indicate a positive 
effect of the trait PFAT on reproductive performance of 
progeny under harsh seasonal conditions. Balancing this 
benefit with impact of higher fat levels on lean meat yield and 
wool production are being analysed.

Future opportunities

The CRC is preparing an application for a five year extension 
program that will build on three areas of research successfully 
completed and delivered during the current seven-year term. 
The focus for the next five year business plan will be to: 

• Build on the success of the genomic technologies. 

• Develop eating quality to a cuts-based grading system. 

• Evaluate new approaches for pro-active management of 
animal wellbeing that will also improve productivity. 

Successful outcomes in these three areas will also contribute to 
the development of the Australian sheep industry by making it 
more profitable and sustainable.

Genetic and genomics

The Sheep CRC was set up to develop the use of genomic 
technologies for the Australian sheep industry. When the 
program was designed in 2006, it was already clear that 
searching for genes of major effect as a basis for genetic 
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selection was likely to be of little value. The potential of whole 
genome association analysis appeared to hold the greatest 
potential and the CRC’s Information Nucleus Program was a 
world-first design to take advantage of the features of whole 
genome association analysis. The program has been successful 
and places the Australian sheep industry in a good position 
to take advantage of this new technology in commercial 
breeding programs. But new genomic technologies are 
developing quickly and there are now new opportunities that 
offer the sheep industry even greater potential improvements.

Full DNA sequencing for individual animals was not even 
considered at the start of the CRC but is now becoming a 
mainstream technology in human genetic analysis and in 
predicting breeding values in production livestock species. The 
potential benefits of full sequencing key rams in the Australian 
sheep flock are the possibility of:

• More accurate predictions of breeding values.

• Predictions of breeding values for minor breeds not 
currently possible.

• Longer lasting accuracies of prediction with less reliance on 
resource flocks.

The use of genomic information in breeding programs 
provides the basis for introducing new design concepts and it 
is important these options are developed and evaluated with 
commercial ram breeders. 

The extension application will focus on applying the latest 
genomic technologies in the sheep industry through further 
research on DNA analysis and by working with ram breeders 
to maximise the potential benefits from the commercial 
application of the new technologies.

Further value for lamb and sheep meat 

The new understanding of genetic and management inputs 
to manage improvement of LMY and eating quality will be 
extended to focus on cuts based grading and methods of 
obtaining best value from heavier lambs (over 25kg carcase 
weights), and for yearling Merino product in the export market. 
A major component of the work plan for the next five years is 
to work closely with participants in the supply chain to convert 
new information on genetics, management and processing 
into additional value.

Improved wellbeing and increased 
productivity 

The Information Nucleus program has produced invaluable 
data that can now be used to review the implications of various 
combinations of genetic potential, patterns of production and 
challenges of different environments on survival and wellbeing. 
Varying survival of progeny and different levels of productivity, 
under a range of environmental conditions, provides a basis for 

understanding genetic selection for well-adapted animals  
and opportunities for making better culling decisions.

The work program will also include development and 
evaluation of auto-monitoring such as accurate roll-call,  
walk-over weighing and behavioural changes including 
position in the flock when moving between paddocks or into 
water. Reducing labour requirements while improving early 
detection of sheep needing attention, is expected to deliver 
better welfare outcomes and improve productivity.

Conclusions

Rapid changes in the Australian sheep industry have 
created challenges and opportunities. Application of best-
practice genetic selection provides the most effective way of 
responding to these changes. The sheep industry is fortunate 
in having all the components in place for rapid genetic gain – 
including the latest genomic technologies. It is also essential 
to be able to match genetic selection with the appropriate 
management inputs. The interconnection between wool, meat, 
reproduction, parasite management and nutrition, with the 
genetics of the flock, emphasises the importance of integrated 
research and development. The current Sheep CRC has 
demonstrated the value of coordinating the efforts of many 
researchers, employed by numerous organisations to achieve 
efficiencies in delivering industry-scale outcomes for programs 
that no single organisation can tackle on its own.
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Dr Garry Levot 
NSW Department of Primary Industries 
Email: garry.levot@dpi.nsw.gov.au 

• 

Control failure and resistance

Control failure with any product occurs when a pesticide 
application does not control a pest as well as expected. It can 
result from any one of several reasons: 

• Unrealistic expectations of the producer.

• Failure to apply the product correctly (dose per head and as 
per label directions).

• Failure to provide adequate prevention from re-infestation 
post-treatment.

• Insecticide resistance.

The Australian Sheep Blowfly, Lucilia cuprina, has a long history 
of developing resistance to the insecticides that have been 
used on sheep to control flystrike (Levot, 1995). By definition, 
resistance marks a genetic change in response to selection by 
toxicants that may impair control in the field. Once present 
in a population resistance is likely to persist, albeit at low 
frequency if selection pressure is removed, as long as that 
population exists. Organochlorine (dieldrin) resistance in sheep 
blowfly provides a good example. In 1958 after several years 
use of dieldrin and aldrin on sheep, about 70 percent of sheep 
blowflies were resistant. At this time these insecticides were 
banned but resistance monitoring continued. By the 1990s, 
about 2% of blowflies were resistant despite more that 30 years 
without using organochlorines (Figure 1) (Levot, 1995). 

Figure 1. Dieldrin resistance frequency in Australian Sheep 
Blowfly populations.

Source: Levot (1995)

Risk factors influencing resistance 
development
A number of risk factors influence the likelihood of resistance 
developing such as:

• High variability of susceptibility in target population.

• Over reliance on a single chemical class (or different classes 
with shared Mode of Action).

• Persistent and diminishing residues (time and space).

• Large proportion of population exposed to treatment.

• Multiple life-stages exposed to treatment.

• Low damage tolerance (frequent treatments used).

• No natural control agents or loss of natural control agents.

• Multiple applications of single chemical class to same 
population.

• Multiple generations per year.

• Poor application (uneven coverage).

• Use of the same chemical class for more than one pest.

Over reliance on a single class of insecticide

Diazinon and other organophosphates: Especially important 
in terms of actual resistance development in L. Cuprina, is the 
over reliance on a single chemical class. The organochlorine 
insecticides were replaced in 1960 by the organophosphates 
(e.g. diazinon, chlorfenvinphos, fenthionethyl). Resistance 
was first detected in 1965, but in the absence of alternative 
chemistries organophosphates (OPs) continued to be widely 
used until 1979 when cyromazine (Vetrazin®) was registered. 

Between 1965 and 1979 an ever increasing proportion of 
blowflies became resistant (increased frequency of resistant 
individuals within populations) (Figure 2) (Levot, 1995), and 
resistance levels, (increase in the dose of insecticide needed 
to kill individuals in populations) soared in some populations 
where OP use was highest. 

Organophosphate resistance reduced the flystrike protection 
provided from about 16 weeks to 2-4 weeks. It also diminished 
the larvicidal effectiveness of OP flystrike dressing products. 
For example, ‘susceptible’ third instar blowfly maggots 
immersed for only a few seconds in an aqueous diazinon 
solution all die within 24 hours of treatment, whereas only 
20-30% or resistant larvae were killed (Figure 3). Fortunately, 
effectiveness of the registered treatments against neonate 
larvae remained sufficiently high to prevent re-strike on 
treated sheep (Levot and Sales, 1998). Over reliance on OPs 
had impacted on producers’ ability to both prevent and treat 
flystrike.

Insecticide resistance in sheep blowflies - now and then

Take home messages:

• Control failure results from unrealistic expectations, 
incorrect product application, re-infestation post 
treatment and insecticide resistance.

• Organophosphate resistance reduced protective 
period from 16 weeks to 2-4 weeks.

• Mildly resistant strains to cyromazine and dicyclanil 
have been found. Laboratory testing is underway to 
see the potential for future field resistance. 
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Figure 2. Diazinon resistance frequency in sheep blowfly larvae.

Source: Levot (1995)

Figure 3. Comparison of mortalities in susceptible’ and 
‘resistant’ third instar blowfly larvae exposed to a registered 
aqueous solution of diazinon.

Source: Levot and Sales (1998)

Diflubenzuron: In the early 1990s diflubenzuron based 
products were registered for the control of both lice and 
flystrike on sheep. Pyrethroid products were failing to control 
lice infestations on sheep, and the majority of producers 
changed to new products containing insect growth regulators 
diflubenzuron or triflumuron. Many producers seduced by 
the idea of getting ‘two pests with one product’ chose to rely 
exclusively on diflubenzuron for fly and lice control.

Prior to the widespread use of diflubenzuron it was known 
some populations were more tolerant of diflubenzuron 
than others, and that this variability was related to diazinon 
resistance (Figure 4) (Sales, Levot and Barchia, 2001). 

The first highly resistant population detected came from 
Tara, Queensland. Flystrike and lice management on the Tara 
property relied exclusively on diflubenzuron. Split shearings of 
two discrete mobs created a situation where short wool sheep 
were dipped for lice control at the same time long wool sheep 
were jetted for flystrike prevention. The strategy worked well 
for two years but failed in the third when jetted sheep became 
struck immediately after treatment. Results of laboratory 
bioassays demonstrated that about 50% of Tara blowfly larvae 
could not be killed by any dose of diflubenzuron (Figure 5) 
(Levot and Sales, 2002). Eventually, diflubenzuron was removed 
from registration as a flystrike treatment.

Figure 4. Correlation between resistance levels to 
diflubenzuron and diazinon in populations of sheep blowfly 
(each dot represents a blowfly population).

Source: Sales, Levot and Barchia (2001)

Figure 5. The response of the Tara strain to diflubenzuron 
compared with those of ‘susceptible’ and ‘normal’ field 
populations.

Source: Levot and Sales (2002) 

Cyromazine/Dicyclanil: Fortunately, in terms of resistance 
management, the Tara strain was susceptible to both 
cyromazine and dicyclanil (Levot and Sales, 2004). But in late 
2010 at Nimmitabel, NSW, a mob of lambs became struck 
only four weeks after treatment with a cyromazine backline 
product. On investigation, it was determined the lambs had 
been slightly under-dosed, but it was still surprising that 
flystrike occurred so soon after treatment.

Results of ‘susceptible discriminating concentration’ bioassays 
(Yen et al, 1996) indicated that about 4% of the Nimmitabel 
larvae were resistant to cyromazine. Dose titration assay results 
suggested the cyromazine resistance level was low, but conferred 
a similarly low level resistance to dicyclanil (Levot, 2012).

 The Nimmitabel strain was pressured in the laboratory to 
produce a pure-breeding strain (containing only resistant 
larvae, but resistance levels of this ‘selected’ strain were 
only modest (less than 10 times compared to the reference 
susceptible strain) (Levot, 2013). 

A larval implant trial is underway to determine the practical 
implications of this new resistance. Cyromazine and dicyclanil 
treated sheep are being sequentially challenged by the 
implantation of newly hatched ‘selected’ resistant strain and 
‘susceptible field’ larvae. We hope to determine whether 
the resistant strain is able to establish strikes sooner after 
treatment than the susceptible strain.
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Blowflies and worms – a significant cost

Internal parasites and flystrike represent the two most costly 
diseases of sheep in Australia (Sackett et al, 2006). Resistance 
of these parasites to chemical methods of control poses an 
increasing threat to the productivity of sheep farms in this 
country. New scientific research presented below aims to 
provide information to assist sheep producers in choosing 
appropriate strategies (chemical and non-chemical) to control 
these parasites effectively, while reducing the practical risk of 
resistance development.

This research is provided in abstract format as the research 
material has been submitted for publication in the Australian 
Veterinary Journal (AVJ). The AVJ will only publish original 
research material not already published elsewhere.

The prevalence of anthelmintic resistance on 
Australian sheep farms (2009-2012)

Dr Matt Playford2, Dr  Justin Bailey1, Dr Stephen Love3, 
Dr Brown Besier4, Dr Alison Smith2, Dr Pat Kluver1

1Novartis Animal Health
2Dawbuts Pty Ltd
3NSW Department of Primary Industries
4Department of Agriculture and Food Western Australia

This study was conducted in response to the need for up-to-
date information on anthelmintic resistance in the Australian 
sheep industry, to help inform management decisions, 
advisory practices and future research. 

Providers, including government and private parasitology 
laboratories, pharmaceutical companies and veterinarians who 
were known to have conducted Worm Egg Count Reduction 
Tests (WECRT’s) between 2009 and 2012, were asked to submit 
all test results that conformed to standards set by the World 
Association for the Advancement of Veterinary Parasitology.  
Of those submitted, 390 tests met these criteria. 

The percentage of farms where less than 95 percent efficacy 
was found in any of Haemonchus, Teladorsagia (Ostertagia)  
or Trichostrongylus spp, and the number of farms tested,  
for the four broad-spectrum drench groups were: 

• Benzimidazoles 96% (81farms). 

• Levamisole 96% (115 farms).

• Macrocyclic lactones (represented by ivermectin)  
87% (104 farms). 

• Aminoacetonitrile derivatives (monepantel) 0% (4 farms).

Against the same criteria, and compared with the findings 
above, the results for moxidectin 54% (137 farms) and  
three-way combinations containing abamectin, levamisole 
and a benzimidazole 28% (50 farms), clearly show that drench 
effectiveness needs to be assessed on an individual farm 
level. The range of efficacy by anthelmintic was also examined 
and showed that, for the benzimidazoles and ivermectin 
particularly, the efficacy on many farms was as low as 0-20%.

These findings contrast sharply with the results of a national 
drench resistance survey conducted in 1994 that found no 
evidence of ML resistance (Overend et al, 1994). The current 
study highlights the urgent need to better manage existing 
anthelmintic resources and promote adoption of appropriate 
non-chemical control measures on individual farms as part  
of an Integrated Parasite Management approach. 
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Investigations into anthelmintic resistance in roundworms 
and insecticide resistance in blowflies

Take home messages:

Resistance results summary:

• White drench (Benzimidazoles) – 96%.

• Clear (Levamisole) – 96%.

• Macrocyclic lactones: Ivermectin – 87% and 
Moxidectin – 54%.

• White + Clear + Abamectin – 28%.

• Zolvix – 0%.
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Investigation of a suspected cyromazine resistant strain  
of Lucilla cuprina, the Australian green blowfly,  
and the implications for flystrike control
Dr Pat Kluver, Dr Peter Rolfe, Ashley George,  
Kathleen Vanhoff, Kim Baker 
Novartis Animal Health

The protective period of Vetrazin® spray-on and CLiK® was 
investigated on sheep against an Australian field isolate 
of Lucilia cuprina (Nimmitabel strain), that demonstrated 
increased in-vitro tolerance to cyromazine (survival at a 
discriminating dose of 1 part per million cyromazine).

Two studies were conducted; a larval implant, laboratory  
based study, and a field study on the original farm of isolation. 

Larval implant studies were carried out using both Vetrazin 
spray-on (60mg/ml cyromazine) and CLiK (50mg/ml dicyclanil), 
to estimate the likely protective period of these products 
with two strains of fly: the Nimmitabel strain and a triazine-
susceptible reference strain. The study was conducted in 
Merino sheep with a minimum of 14 weeks post-shearing, 
treated at the minimum recommended dose for the specified 
weight range, and housed in partially covered pens. First  
stage instars were placed in the top third of the staple above  
a small incision adjacent to the treatment zone of six sheep per 
treatment group, and assessed for larval viability  
for the next three days. 

The field study used Vetrazin and CLiK on three-month-old, 
unmulesed Merino wethers. Three hundred and eighty-five 
lambs were treated with Vetrazin and 198 lambs were treated 
with CLiK. The presence of L. cuprina was monitored using 
fly traps. All sheep were monitored several times a week for 
flystrike up to 18 weeks after treatment.

In the pen study, Vetrazin prevented the establishment  
of viable strikes for 13 weeks. No strikes were established  
in the CLiK treated groups up to week 18, at study end.  
In the field study, the numbers of L. cuprina were moderate 
to high through the study period. No strikes were recorded 
by week 14 in either treatment group. Five lambs were struck 
in the Vetrazin treated group at week 18, which is outside the 
Australian registered label claim of protection for 11 weeks.  
No sheep were struck in the CLiK treated group.

These studies demonstrated that, against this field isolate,  
and under both field and controlled laboratory conditions, 
Vetrazin spray-on and CLiK each maintained the registered 
protective period after treatment.   

Take home messages:

• Laboratory testing has identified resistant Lucilla 
cuprina (Nimmitabel strain). 

• In contrast, field trial results show Vetrazin® spray-on 
prevented flystrike for 13 weeks and CLiK® prevented 
flystrike for 18 weeks. Both these products are effective 
with respect to label claims.
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During 2012 and 2013, Drench Resistant Trials (DRTs) were 
conducted on sheep properties across the Hume region of 
southern New South Wales. The trials were carried out by 
Livestock Health and Pest Authority (LHPA) veterinarians and 
rangers in conjunction with Zoetis Animal Health staff. 

Most properties in the study had drench resistance. Poor 
results were seen with ivermectin (Ivomec), benzimidazole/
levamisole (white/clear) and naphthalophos (Rametin) 
combinations on a number of farms.

DRTs, also known as Faecal or Worm Egg Count Reduction 
Tests, should be performed every two to three years (Love, 
n.d.). These tests demonstrate which drenches are effective 
on a given property and those that are no longer successful at 
killing one or more worm species.

The procedure involves assigning sheep with adequate worm 
burdens into treatment and control groups. Each treatment 
group is given a different drench and the control group is left 
untreated. Individual faecal egg counts and larval culture, to 
identify worm species, are performed on animals in all groups 
post-drenching.

Results of treatment groups are compared with those of the 
control group. The effectiveness of a drench in reducing egg 
counts of a worm species is expressed as a percentage, which 
reflects the likely ‘kill rate’. Resistance is defined as less than 95 
percent drench efficacy (i.e. greater than 5%, as indicated by 
egg counts, survived the treatment). 

On completion of each trial, farm managers received a report 
describing their resistance profile and were given tailored 
recommendations about drench choice and rotation. Results 
varied enormously from farm to farm emphasising the need 
for individual farmers to do their own DRT on their sheep. 
More broadly, the results were collated for our region and are 
discussed below.

Methodology

DRTs were performed on 25 properties widely distributed 
across the Hume region. The participants self-selected 
following promotion of the trials. The study ran from February 
2012 through to January 2013. Sheep used in the trials were 
undrenched weaners with average worm counts greater than 
200 eggs per gram, based on initial screening of 10 animals. 
Drench and equipment kits were provided by Zoetis Animal 
Health.

Sheep were randomly allocated into groups of 12-15 head  
and identified with ear tags using a different colour for each 
group. Each treatment group was assigned a specific drench 
and animals were weighed and dosed accordingly. One group 
was left undrenched and designated as the control. Drenches 
were not standardised between farms due to individual 
preferences. Table 1 shows the drench included in the Hume 
DRTs 2012-2013.

Table 1. Drench tested in Hume Drench Resistance Trials,  
2012-2013.

Faeces were collected directly from the rectum of 10 animals 
in each group 10-14 days after drenching, and samples were 
sent to the Veterinary Health Research Laboratory, Armidale for 
faecal egg count reduction tests.

Hume drench resistance trials

Drench Number  
of Farms

Ivermectin (Ivomec®) 25

Derquantel/abamectin (Startect®) 25

Moxidectin (Cydectin®) 24

Naphthalophos/benzimidazole/levamisole (Rametin® 
Combination) 22

Abamectin/benzimidazole/levamisole (Triguard®) 14

Benzimidazole/levamisole (Scanda®) 12

Closantel 2

Levamisole (Nilverm®, clear drench) 1

Ivermectin/benzimidazole/levamisole (ivermectin ‘triple’) 1

Monepantel (Zolvix®) 1

Take home messages:

• Most properties have drench resistance but results 
vary considerably. 

• It is important producers do their own drench 
resistance tests every two to three years.

• Sixty five percent of farms in the Hume drench 
resistant trials had small brown stomach worms 
resistant to ivermectin, while 73% of farms had barbers 
pole worm resistant to ivermectin.

• Cydectin resistance is emerging.
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Resistant worms

Of greatest pathologic and economic significance in sheep  
are Teladorsagia (Small Brown Stomach Worm), Trichostrongylus 
(Black Scour Worm) and Haemonchus (Barber’s Pole Worm).  
All three species were represented in this study with 
Teladorsagia present on all 25 properties, Trichostrongylus 
on 24 of the 25 properties and Haemonchus on 15 of the 25 
properties. Where multiple worm types were present on a 
single property, the resistance profile differed for each, and 
consequently, the data in this study is presented with reference 
to worm species rather than property.

Small brown stomach worm: Teladorsagia has shown 
widespread resistance to benzimidazole (white) and  
levamisole (clear) drenches since the 1980s (Love, 2011).  
It was, therefore, not surprising that most properties in 
the study had Teladorsagia resistance to a benzimidazole/
levamisole combination drench (Scanda). Figure 1 shows the 
percentage of properties with Teladorsagia resistance.

Figure 1. Percentage of properties with Teladorsagia  
(Small brown stomach worm) resistance.

There is some debate over the presence of naphthalophos 
(Rametin) resistance. This drench can have variable results 
in the absence of resistance and is most effective against 
adult parasites (Woodgate, per comms 2013). There are no 
published cases of naphthalophos resistant Teladorsagia in 
Australia. In this study suboptimal efficacy of a naphthalophos 
combination drench against Teladorsagia was found on 48% of 
properties.

Teladorsagia resistance to macrocyclic lactones (‘mectins’) was 
first documented in southern NSW in 2000 and a prevalence 
of 30% was reported in south-eastern Australia in 2007 
(Love, 2011). The levels of resistance to ivermectin (Ivomec) 
in this study were much higher at 65%, but the relatively 
small sample size may have affected the results. Nonetheless, 
ivermectin resistance is well established in the Hume region. 
While moxidectin (Cydectin) performed better, resistance in 
Teladorsagia was found on 9% of properties.

Black scour worm: Trichostrongylus resistance to 
benzimidazole/levamisole is well known and occurred on 27% 
of properties. The result was better than expected and may be 
due to its limited use in recent years. Nevertheless, resistance 
has been established since the 1980s and would likely return 
with vigour on reintroduction of the drench. 

Naphthalophos resistance in Trichostrongylus has been reported 
in one published case in Australia (Le Jambre et al, 2005).  
In the Hume study, a naphthalophos combination was less 
than 95% effective against Trichostrongylus on 32% of farms 
(Figure 2). The benzimidazole/levamisole drench outperformed 
the naphthalophos combination, which seems contradictory 
and most likely reflects the different sample size between 
the two treatments. An emerging issue is ivermectin resistant 
Trichostrongylus that was found on 44% of farms in the  
Hume LHPA region. This appears to be a trend affecting  
the Riverina and further investigation is warranted,  
and is currently underway.

Figure 2. Percentage of properties with Trichostrongylus  
(Black scour worm) resistance.

 

Barbers pole worm: Haemonchus is known to be resistant to 
levamisole, although less commonly than to benzimidazole 
(Love, per comms 2013). But both a benzimidazole/levamisole 
and a naphthalophos combination containing levamisole were 
effective on the 15 properties with Haemonchus burdens in the 
study. Unfortunately, this was not the case for the macrocyclic 
lactones with 73 and 27% of properties harbouring ivermectin 
and moxidectin resistant Haemonchus respectively. As was 
expected, all properties with moxidectin resistance also had 
significant ivermectin resistance. Conversely, some properties 
with marked ivermectin resistance had no moxidectin 
resistance, probably reflecting the higher potency of 
moxidectin (Figure 3). 
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Figure 3. Percentage of properties with Haemonchus  
(Barber’s pole worm) resistance.

 

No resistance was found in any worm species to the abamectin 
triple combination or new compounds including derquantel 
(Startect) or monepantel (Zolvix). The latter was only used on 
one property, but there are no reported cases of resistance to 
this compound in sheep in Australia. 

Moxidectin performed relatively well in populations of 
Teladorsagia and Trichostrongylus. It is 2-5 times more potent 
than ivermectin and may also have a slightly different chemical 
action (Kieran, 1994), but it is in the same family, and resistance 
was clearly demonstrated on a number of farms. Consequently, 
it should be used with caution and its efficacy monitored, for 
example, with a faecal egg count 10-14 days post-drenching, 
often referred to as a ‘Drench Check’.  Regular ‘Drench Checks’ 
are recommended as part of good sheep worm management. 

The naphthalophos combination is an important rotation 
option as it represents a different chemical family. Its use 
should be monitored though, due to its inherent variability. 

The Hume study clearly highlights the value of performing 
individual farm DRTs. Each property had different resistance 
present in their worm populations and only once this is 
established can an effective drench plan be implemented.
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There is no doubt parasites (worms, lice and flies) are the 
largest animal health related costs for commercial sheep 
enterprises.

In 1995, McLeod used historical research data and modelling 
to estimate the total annual cost of sheep worms in Australia 
as $222 million. In 2006, Sackett and others calculated this 
figure at approximately $369 million. With national sheep 
populations of about 96 million and 87 million respectively, 
this equates to a cost of worms at between $2.31-$4.24 per 
sheep.

Carmichael (2009) conducted trial work on several prime 
lamb enterprises throughout Victoria and South Australia. 
These findings calculated an estimated total combined impact 
of internal parasites on the prime lamb industry in South 
Australia, Victoria and the Riverina region of NSW of about  
$66 million per year.

What are the important sheep worms?

The most significant gastrointestinal round worms of sheep 
can be split into two major groups.

Barber’s pole worm (Haemonchus contortus) is found in the 
fourth stomach (or abomasum) of sheep. This worm affects 
sheep by puncturing the gut lining and sucking blood, so 
the main signs of disease are due to anaemia or low levels of 

red blood cells. These include pale gums and other mucous 
membranes, bottle jaw and exercise intolerance or weakness. 
Severe burdens can also cause sheep deaths.

Barber’s Pole worm prefers warmer, wet conditions and is 
typically a problem in regions around Australia that receive 
summer rainfall. Female barber’s pole worms are also 
extremely fecund, laying very large numbers of eggs per 
day, so worm burdens can build up very rapidly under ideal 
conditions. Under these circumstances, otherwise fit, healthy 
sheep can become quite sick and die within a matter of weeks.

‘Scour worms’ include the black scour worms (Trichostrongylus 
colubriformis, Trichostrongylus vitrinus and Trichostrongylus 
rugatus) and brown stomach worm (Teladorsagia (was 
Ostertagia) circumcincta). Scour worms affect sheep by 
interfering with the normal function of parts of the gut. 
Black scour worms are found in the small intestine and 
their presence interferes with normal gut structure and the 
absorption of nutrients by the sheep. Affected sheep also 
divert some of their nutrients towards mounting an immune 
response against the worms. Brown stomach worms are found 
in the fourth stomach (or abomasum) and have a similar effect.

Signs of scour worm infestation are due to the lack of 
absorption of nutrients from the sheep’s gut. This can lead to 
reduced liveweight gain and wool growth or, if severe enough, 
actual liveweight loss and wasting. A greater concentration of 
nutrients remaining in the gut also attracts more water into the 
rumen, and can lead to diarrhoea or scouring. Female scour 
worms tend to only lay relatively small batches of eggs each 
day, and so the progression of scour worm disease is typically 
much slower than that for barber’s pole worm problems.

What are the costs of sheep worms?

Many studies have quantified the costs of the effects of worms 
on sheep. This is typically calculated by comparing untreated 
‘wormy’ sheep with others that have been subjected to 
experimental designs of repeat treatments to totally suppress 
worms to keep these treated comparison sheep essentially 
‘worm-free’.

This shows the maximum impact of worms. But it is important 
to realise this whole cost is rarely recovered under commercial 
farm conditions. Replicating treatment schedules used in this 
type of research would be excessively expensive and carry 
a high risk of the frequently repeated treatments worsening 
anthelmintic (‘drench’) resistance and making drenches less 
effective until worthless for future treatments.

To estimate the potential costs of sheep worms, Besier 
(1992) reviewed a multitude of previously published data 
investigating the effects of worm infestations on wool. The 
review showed annual losses of up to 1 kilogram (19 percent) 
in wool growth, and a mean of 7.5kg in liveweight. There were 
also 3-30% extra sheep losses in the untreated animals. Wormy 
weaner groups showed up to 57% more daggy animals, as a 
result of scouring from worms. Even when the reduced fibre 
diameter of the wool grown by wormy sheep was considered, 

Sheep worm control for profits

Take home messages:

• Sheep worms are the largest animal health cost for 
commercial sheep production enterprises.

• Costs are predominantly due to the effects of worms 
on sheep (about 70 to 80%), and could range from 
about $3-$6 per sheep.

• Control costs (e.g. faecal worm egg count testing, 
chemical treatments and labour) make up only a  
small proportion of the total potential cost (about  
20 to 30%).

• The most expensive drench is the one that does not 
work. Check efficacy regularly and ensure only known 
fully effective drenches are used.

• The second most expensive drench is the one that is 
not needed. Check faecal worm egg counts to ensure 
worm burdens warrant treatment before reaching for 
the drench gun.

• An effective and sustainable sheep worm control 
program will be a profitable investment in any sheep 
enterprise.
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up to 1.5 microns finer in some cases, these effects caused a 
significant overall economic penalty due to worms.

More recently, Carmichael (2009) showed that worms reduced 
the growth of prime lambs by between 6.4% and 19.8% in  
on-farm trials at several sites in South Australia and Victoria. 
This equated to an average growth penalty of about 20 grams 
per head per day over the 3-5 months of measurements. This, 
again, is a highly significant cost.

Importantly, scouring and lamb deaths were uncommon in 
Carmichael’s trials, highlighting that it is not always easy to  
see the effects of worms on sheep in the paddock. The bulk  
of the losses can be a result of slowing growth and delaying 
the finishing and sale of lambs, and this will not be noticed 
unless farmers are weighing lambs regularly and monitoring 
worm burdens with faecal worm egg counts.

The costs of worm control

Much of the past research has also shown that the costs  
of checking for worms with faecal worm egg counts and 
treating when appropriate with chemicals, including the 
associated labour, are generally very small in comparison to 
the costs of worms to sheep productivity. Table 1 summarises 
various estimates of the total cost of worms, broken down into 
costs associated with the effects of worms on sheep and extra 
costs associated with the control of worms (e.g. faecal worm 
egg counts (WEC), chemical costs for treatments and labour 
associated with checking and treating sheep).

Table 1. The costs of sheep worms and worm control.

Source: Woodgate (2013)

This emphasises the potential return on investment from 
effective worm control practices, as will be discussed later.

 

Effective versus costly ineffective  
worm control

Use of effective worm treatments is a key component of an 
overall control program that can greatly reduce the cost of 
worms in a commercial sheep operation. For example, Besier’s 
review (1992) mentioned that ‘worm control based on two 
summer drenches retrieved most of the wool production loss 
and minimised disease in weaners’, under the typical winter 
rainfall, dry summer, Mediterranean conditions seen in Western 
Australia.

But a major issue arises when treatments of lower than 
preferred efficacies are used as part of a worm control 
program.

In the winter rainfall environment of WA, Besier et al (1996) 
measured the annual production from similar groups of Merino 
wether weaners treated three times with a drench of 65%, 85% 
or greater than 99% efficacy. The sheep treated with the least 
effective drench on average grew 450g less greasy wool, were 
6kg lighter (more than 10% of bodyweight), had 40% more 
scouring and dags and 5% more ‘deaths’, when compared with 
those sheep treated using the fully effective drench. The sheep 
treated with the 85% effective drench were less markedly 
affected, but on average still grew 90g less greasy wool, were 
1.2kg lighter, had 13% more scouring and dags and 2% more 
‘deaths’. When the production differences were valued, (in 1994 
and 1995 – when sheep prices were about $25 per head), there 
was a minimum of $2.30-$6.90 benefit per head from using the 
more effective drenches.

New Zealand work involving prime lambs grazing pastures 
variously contaminated with ‘scour worms’ (Sutherland et al 
(2010) and Miller et al (2012)), showed 10-14% differences 
in the carcase values of replicated groups of lambs treated 
monthly over 3-5 months with drenches of efficacy of about 
50-70% compared with the carcase value of replicated groups 
of separately grazed lambs treated the same number of times 
with a drench of known efficacy greater than 99%. Various 
groups of lambs treated with the more effective drench 
also had less dags, grew up to 20% more wool and were 
significantly quicker to finish and market.

Given the current situation with worsening and more 
widespread anthelmintic (‘drench’) resistance in sheep worms 
in Australia (see paper by Shergold in this proceedings), 
it remains critical that farmers know the efficacy of the 
treatments they select. It is no longer possible to ‘best bet 
guess’ an effective treatment, and if a product is used that is 
less than the preferred 95-100% effectiveness, there is the 
potential for significant costs to a commercial sheep enterprise.

Study
Total 
annual 
cost

Cost of 
the effects 
of worms 
(liveweight, 
wool growth, 
scouring, 
deaths)

Cost of 
worm 
control  
(WEC, 
chemical, 
labour)

McLeod (1995) $222M/yr $141M/yr $81M/yr

Sackett et al (2006) $369M/yr $321M/yr $48M/yr

Carmichael (2009) - 
prime lambs in Vic,  
SA and Riverina only

$66M/yr $50M/yr $16M/yr
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Conclusion

The cost of sheep worms and worm control is a major 
component of the animal health budget for a commercial 
sheep enterprise. But the components of an effective and 
sustainable sheep worm control program, known effective 
drenches and faecal worm egg counts, are minor components 
of this cost and can significantly reduce the impact of sheep 
worms on livestock health and productivity.
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• 

Key factors influencing profit in a sheep enterprise include 
stocking rates, supplementary feeding costs, reproductive 
rates, wool and lamb produced per head, and price. All these 
factors are influenced by farm enterprise selection and 
management, together with seasonal pasture availability and 
market conditions that vary from year to year. Flexibility is an 
important consideration in setting up a farm enterprise to 
enable stocking rate and selling times to vary to make the best 
of good seasons and market opportunities, and minimise costs 
in poor seasons. 

In a reproductive sheep enterprise, livestock demand varies 
with stage of pregnancy and lactation, and therefore varies 
throughout the year. In most parts of south-eastern Australia, 
pasture supply tends to be most limiting in winter.  So the time 
of lambing relative to the winter period alters the number of 
ewes per hectare that can be carried, assuming we want to avoid 
large amounts of supplementary feeding of ewes in winter. 

More ewes can be run in a late winter or spring lambing system 
compared to an autumn or winter lambing system, as spring 
lambing ewes are dry through the most limiting winter period. 
More ewes/ha leads to higher wool production/ha and a 
greater number of lambs/ha. In spring lambing systems lambs 
will normally be sold as stores (at weaning or soon after) rather 
than finished lambs (unless they are lot fed on farm, as there 
will be insufficient high quality pasture), but more kilograms of 
lamb/ha should be achieved because of high lamb numbers.

Modelling based on the conditions at the Tarcutta EverGraze 
site, showed that for a system which included summer active 
perennial pastures such as lucerne, it was more profitable to 
lamb later (September). The higher ewe stocking rates possible 
in the September lambing system increased the potential 
profit by increasing the meat and wool produced per hectare 
rather than production per head. 

Although the modelling work showed significantly higher 
profits could be achieved by lambing later and running higher 
stocking rates, this system poses a risk of high supplementary 
feeding costs in drought years. On the other hand, lambing in 
winter and running a more conservative stocking rate means it 
is difficult to make the best of spring and early summer feed in 
a good season because wool and meat produced per hectare 
is limited by the lower stocking rate. There is a high degree 
of variability in both spring and autumn rainfall in the region, 
so having a system that can respond to differing conditions is 
important. 

The modelling results
Economic modelling of different sheep enterprises was 
performed to determine the effect of lambing time and the 
proportion of a merino ewe flock joined to terminals.

The modelling used an optimisation approach, that is, what 
combination of pastures and livestock system would maximise 
whole farm profit? Using long-term average monthly rainfall 
data, the modelling showed when grazing perennials:

• Changing lambing time increased profit. For a self-
replacing Merino flock, September lambing produced 1.7 
times as much whole-farm profit as a June lambing. 

• Producing crossbred as well as Merino lambs in June only 
slightly increased profit compared with a June lambing 
self-replacing Merino flock. But using a split lambing 
system with crossbred lambs born in June, and Merino 
lambs born in September was 1.9 times as profitable. 

• As lamb values increased, producing some crossbred lambs 
increased profit if lambing in June, but not when lambing 
in September.

• The cost of ewes determined whether it was more 
profitable to buy or breed replacements.

Flexibility in sheep systems is important for risk 
management in variable climates - lessons from EverGraze 
research at Tarcutta

Take home messages:

• Choice of lambing time, stocking rate and ram breed 
can considerably alter both production and risk in 
adverse seasons. 

• If using perennial pastures, higher profits can be 
achieved using sheep enterprises that are capable of 
higher production compared to a winter lambing self-
replacing Merino enterprise.

• Strategies need to be used to minimise the risk of high 
feeding costs and poor production in drought years, 
particularly with high stocking rate systems. 
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Table 1. Modelling analysis of whole farm (900ha) profit for 
changing lambing time and ram breed in a self-replacing 
Merino flock on perennial pastures at Tarcutta. 

Source: Andrew Bathgate (2011)

These results indicate that if using perennials, there are more 
profitable enterprises than a traditional self-replacing Merino 
flock lambing in winter. Systems that join part of the flock to 
terminal rams, and with perennials that extend the period 
of quality feed to allow later lambing, were clearly more 
profitable options. A grazing experiment was designed to  
test various ways of doing this.

The grazing experiment
Three sheep systems (Table 2) were compared in a replicated 
grazing experiment between 2006 and 2010 to quantify 
increases in production possible from changing lambing time, 
stocking rate, ram breed and the proportion of farm area sown 
to lucerne. All systems used the same perennial pasture base 
of 20 percent lucerne (sown on fertile, well drained soil), 20% 
tall fescue (sown on fertile, but poorly drained soil) and 60% 
phalaris (sown on shallower soil). All systems used the same 
stocking rate (dry sheep equivalents) in July, historically the 
time of most limiting feed, to enable comparison between 
systems on this basis. Benchmarking data (e.g. Holmes Sackett) 
commonly use mid-winter stocking rate to compare systems as 
it is correlated with farm profit. A fourth system was included  
– later lambing, but with 40% of the farm to lucerne.  
Data from this system is not reported here.

Table 2. Summary of three sheep systems in experiment  
2006-2010.

Winter lambing Merino (Control) –The traditional July 
lambing system with all ewes joined to Merino rams. The 
objective was to retain all lambs to finish to slaughter weights, 
dependent on seasonal conditions. This system was used as 
the baseline to show the potential for alternative management 
to increase production where perennial pastures are used. 
Systems such as this are widely used as the risk associated with 
the ability to finish lambs is reduced.

Later lambing – September lambing to allow a higher 
stocking rate to produce more wool and lambs per hectare, 
while producing some crossbred lambs to also increase 
lamb production. This system joined half the ewes to Merino 
and half to terminal rams but retained the ability to breed 
replacement ewes. The system aimed to sell lambs at weaning, 
although lambs were retained in wet summers, so only ewes 
were carried over to summer. Benchmarking and modelling 
data indicated this strategy should be the most profitable.

Split lambing – Half the ewes lamb to terminal rams in July 
and the other half to Merino rams in September. A short (two 
week) joining to terminals was used in February for 60% of 
the ewes. Those that failed to fall pregnant and unjoined 
ewes were joined in April to merino rams. This split lambing 
allows an intermediate stocking rate (Figure 2), and higher 
lamb production while breeding replacement ewes. Crossbred 
lambs born in July, allows finishing to heavy weights if 
seasonal conditions permit. Merino lambs can be retained 
after weaning and sold at higher weights if seasonal conditions 
allow. Modelling indicates the use of a higher stocking rate, 
compared to the winter lambing system, and the production 
of crossbred lambs, will increase profit.  The use of two joining 
times was thought to increase flexibility and reduce risk from 
varying seasons, as a compromise between a low production/
lower risk (winter lambing Merino) and high production/higher 
risk (later lambing) enterprise. 

While each system was designed to generate replacement 
merino ewes, ewe lambs were not retained within any system 
in the experiment.

Rainfall 
Rainfall patterns during the grazing experiment were far from 
average (Figure 1). In each year 2006-2008 and to a lesser 
extent 2009, rainfall during spring was unusually low. The 
monthly rainfall in September and October 2006-2008, of 8-32 
millimetres, was well below the long-term average for Wagga 
Wagga (50-60mm) for these months (between percentile 1 and 
10 for the years 1941-2010). Rainfall in 2010 was well above 
average in most months, with 2010 being the wettest year 
on record for Wagga Wagga. High rainfall continued over the 
summer of 2010-2011.

Merino Ewe Flock

Merino 
lambs

Merino 
lambs

Merino + 
crossbred 
lambs

Merino + 
crossbred 
lambs

June 
(crossbreds)

Lambing month June September June September 
(Merino)

Profit ($) 47,000 80,900 49,400 90,800

Stocking rate (dse/ha) 9.5 10.4 9.3 11

% of farm phalaris 35 51 37 52

% of farm lucerne 39 30 37 28

% of farm to crop 26 19 26 20

Later 
Lambing

Split lambing Winter lambing 
Merino

Month mated* April Feb and April Feb

Breed of ram 50% merino;  
50% terminal

50% merino;  
50% terminal

100% merino

Planned lamb sale) At weaning Variable with 
season

Variable with 
season

*Ewes mated for 4 weeks, except for February joining for split lambing (2 weeks).
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Figure 1. Monthly rainfall for the grazing experiment (2006-
2011) and long-term average for Wagga Wagga and Tarcutta.

Source: Bureau of Meteorology (2013)

Stocking rates
A lower ewe stocking rate was utilised in 2006 given the 
pastures were sown in 2005. Stocking rates were progressively 
increased up to 2008 based on what the modelling indicated 
was the potential stocking rate for the systems. From 2009 a 
more conservative stocking rate was applied. But in each year, 
the mid-winter (July) stocking rate (dry sheep equivalent) was 
similar in all systems. Due to the different lambing times, the 
dry sheep equivalent/ha of the systems varied over the year 
(Figure 2). The later lambing system carried nearly twice the 
ewes/ha as the winter lambing Merino system, even though 
they had the same mid-winter DSE/ha.  The actual numbers of 
ewes/ha for each system in each year is shown in Table 3. 

Figure 2. Monthly stocking rate (dry sheep equivalents/ha)  
for the three systems 2009/2010.

 

Table 3. Stocking rate (ewes/ha) for the three systems  
2006-2010.
 
  

 
  

 
  

 
  

Production was not consistently higher  
in one system
Lamb production (kg/ha) was affected by a combination  
of stocking rate and lambing time. The later lambing system 
produced a similar quantity of lamb as the winter lambing 
Merino system (Table 4), because September born lambs  
did not grow well in the dry springs experienced through  
most of the experiment. In addition, the lower numbers 
of ewes and lambs in the winter lambing Merino and split 
lambing systems, meant that in years with adequate spring/
summer/autumn pasture growth, lambs could be retained  
for longer and grown to heavier weights compared to the later 
lambing system, before high quality pasture supply became 
limiting. This meant the later lambing system only had the 
highest lamb production (kg/ha) in 2009, which was partly  
due to the very poor performance of the split lambing system 
in that year due to fertility failure, as explained later.

Split lambing allowed at least allowed some lambs (July born) 
to grow well in variable seasons. 

Producing crossbred lambs increased lamb production as 
crossbred lambs grew faster than Merino lambs.

Wool production (kg/ha) was driven by stocking rate. The later 
lambing system produced 64-106% more clean wool/ha than 
the winter lambing Merino system.

Winter 
Lambing 
Merino

Later 
Lambing

Split Joined

2006 3.9 7.8 5.3

2007 4.5 7.8 5.7

2008 5.7 10.0 7.3

2009 4.9 8.6 6.3

2010 4.9 8.6 6.3
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Table 4. Production and gross margins for the three sheep 
systems with 20% of the farm sown to lucerne.

Feeding levels increased with stocking rate
The quantity of supplementary feeding was driven by stocking 
rate. This resulted in 1.9-3.7 times more feed used in the later 
lambing system compared with the winter lambing Merino 
system during the years with failed springs (2006-2009) (Table 4). 

Gross margins
The later lambing system usually produced the lowest gross 
margins during drought years due to much higher feeding 
costs compared to the other systems, but similar lamb 
production (Table 4). During the very wet year (2010), its 
gross margin was 16% higher than the winter lambing Merino 
system due to higher wool production. 

The split lambing system produced higher gross margins than 
the winter lambing Merino system in some drought years 
(2006 and 2007) and during the wet year (2010). Poor fertility 
(ram heat stress) from the two week February joining in 2009, 
and relatively poor fertility, due to an unknown cause in 2010, 
reduced gross margins in these years.  The system enabled the 
fertility failure to be ‘corrected’ by joining non-pregnant ewes 
again in April, but the lower growth rate of the subsequent 
September born lambs limited kilograms of lamb/ha in these 
years. As such, it is recommended to use a three week early 
joining if using this system.  If the fertility achieved between 
2006-2008, for the February joining, had been achieved, it is 
estimated the split lambing gross margins would have been 
$124 and $442 in 2009 and 2010.

Risk and the need for flexibility
Spring lambing was disadvantaged by four years of failed 
springs during this experiment. The performance of different 
systems may have altered if dry autumns had occurred. The 
split lambing system was more flexible than later lambing 
due to lower stocking rates that reduced feed costs, lambing 
at different times enabling one drop of lambs to be sold at 
reasonable weights regardless of season, and the ability to 
react quickly to changing seasonal conditions (e.g. selling 
lambs at weaning or retaining in better years). If a proportion 
of the flock were tradeable stock, such as wethers, a later 
lambing flock would also be able to adjust to seasonal 

conditions more readily than the non-flexible ewe-only flock 
used in this grazing experiment. The winter lambing Merino 
system had the lowest production risk, but low stocking 
rates meant it had limited ability to increase wool or lamb 
production in favourable seasons.

Post-experimental modelling of grazing 
systems
The field experiment was conducted under either drought 
(2006-2009) or extremely wet (2010) conditions, so the 
performance of the different enterprises may not well 
represent performance in a more ‘normal’ run of years. As a 
result, simulation modelling of several sheep enterprises was 
conducted to allow comparison over a time period of 30 years, 
using the GrassGro® model. Stocking rate, lambing time, and 
lamb sale policies were tested. The experimental data was used 
to validate the model. 

Changing from a July to September lambing time substantially 
increased gross margins in both Merino x Merino and Merino 
x terminal ram enterprises (Table 5), but the variability (range) 
in gross margins increased; more production in the good 
years but greater feed costs in bad years. But increasing lamb 
sale age from 14 to 23 weeks only made a large difference for 
the September lambing Merino x Terminal system. This was 
accompanied by a greater range in gross margin, because in 
poor years more supplement is fed when lambs are retained to 
23 weeks. In practice, when lambing in September, the sale age 
will be varied depending on seasonal conditions to limit costs 
in poor years and capture additional lucerne in better years.

Table 5. The effect of lambing time, lamb sale age,  
and proportion of lucerne on simulated gross margins  
(using 1970-2010 rainfall records).

Split lambing could not be modelled in GrassGro and is 
currently being modelled in a more complex model.
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                  Merino x Merino           Merino x Terminal 

Treatment Jul Sep Sep Jul Sep Sep

Lambing Lucerne (%) 20 20 20 20 20 20

Lamb sale age (weeks) 23 14 23 23 14 23

Mean Gross margin 
($/ha)

208 294 314 236 304 343

Range in gross margin 
($/ha)

441 625 678 462 646 739

Clean wool (kg/ha)

Live weight of lambs sold(kg/ha)

Supplement fed (kg/ha)

Gross margin ($/ha)

Treatment 2006 2007 2008 2009 2010

Later Lambing 168 144 165 198 197

Split Lambing 172 207 196 144 260

Winter Lambing Merino 140 163 171 177 210

Later Lambing 22 27 32 29 82

Split Lambing 13 17 24 21 20

Winter Lambing Merino 11 16 18 18 15

Later Lambing 1517 742 1317 1125 274

Split Lambing 796 485 882 762 0

Winter Lambing Merino 407 390 424 556 0

Later Lambing 29 88 24 108 303

Split Lambing 113 235 117 46 417

Winter Lambing Merino 77 121 120 104 261
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• 

Dual-purpose crops are increasingly being used in southern 
Australia. These crops can be grazed by livestock during 
the vegetative state as well as produce a grain yield at the 
end of the season. Winter crops that can be used as dual-
purpose crops include oats, barley, triticale, wheat and canola. 
Advantages of dual-purpose crops include the opportunity of 
income from both livestock production and grain, and the high 
early season dry matter production that can enable producers 
to fill the winter feed-gap caused by reduced pasture growth 
rates associated with cold temperatures.

Recent research has focussed on grazing lambs on dual-purpose 
wheat. Wheat can be marginal in magnesium (Mg) content 
compared to lamb requirements, but wheat forage is particularly 
low in sodium (Na), and has a high potassium (K) content.  
This high K:Na ratio can reduce the bioavailability of Mg for the 
grazing animal by reducing absorption of magnesium from the 
rumen (CSIRO, 2007; Dove and McMullen, 2009). Supplementing 
lambs with a loose-licks containing Mg and Na has been shown 
to significantly increase growth rates in lambs grazing dual-
purpose wheat (Dove and McMullen, 2009). 

With the increase in available stock feed during winter 
provided by dual-purpose wheat, producers with winter-
lambing flocks can look to graze reproducing ewes on these 
crops. Late-pregnant ewes are susceptible to metabolic 
diseases such as pregnancy toxaemia and hypocalcaemia  
(milk fever, lambing sickness), while hypomagnesaemia  
(grass tetany) is most common in lactating ewes. The purpose 
of the research reported was to investigate the suitability  
of dual-purpose wheat as a feed source for reproducing ewes 
during the winter in southern NSW.

Methodology
The research consisted of three elements; a questionnaire, 
semi-structured interviews and experiments on two flocks.

A questionnaire was posted to sheep producers in the mixed-
farming zone of the Hume Livestock Health and Pest Authority 
to investigate producers’ experiences with grazing ewes on 
wheat. There were 202 responses to the survey.

Some respondents to the questionnaire had agreed to be 
contacted to provide further details, and these producers 
were surveyed using a semi-structured interview, to gather 
additional details relating to ewe mortality rates. Responses 
were classified into one of two groups:

• Control group (23 responses) - had not observed ewe 
mortality rates that they considered to be higher than 
normal when ewes grazed dual-purpose wheat. 

• Case group (20 responses) - had observed abnormally 
high ewe mortality rates when ewes grazed dual-purpose 
wheat.

In addition to the producer surveys, two field experiments 
were conducted in 2010 at Balldale involving 292 Merino 
ewes, that were both single and twin-bearing, and in 2011 at 
Cookardinia with 144 Coopworth x Merino ewes, all of which 
were twin-bearing. The ewes in both experiments all lambed 
on a dual-purpose wheat crop and grazed the crop from June-
August. Two treatments were applied; control where ewes did 
not have access to supplements and supplemented (where 
ewes had ad libitum access to a loose-lick consisting  
of magnesium oxide, stock lime and coarse salt). 

Blood samples were taken to monitor blood Calcium (Ca) and 
Mg in a sub-sample of ewes in both years. Lamb birth weights 
and growth rates were also recorded. A stocking rate of 11 
ewes per hectare was used in both experiments. 

Results
Survey of producers in Hume LHPA: Of the 202 respondents 
to the mail-out questionnaire, 43% identified they had grazed 
late-pregnant and/or lambing ewes on dual-purpose wheat 
during the period 2005-2010. Seventy-one producers had 
grazed reproducing ewes on wheat in 2010, and reported 
a mean disease incidence of 2.6% (range 0.0–21.3%), with 
dystocia, pregnancy toxaemia, foot abscess and grass tetany 
being the most commonly reported diseases in ewes grazing 
wheat in 2010. Thirty percent of producers that grazed ewes 
on wheat between 2005 and 2009 experienced ewe health 
problems in at least one year at rates they considered to be 
higher than normal, with producers reporting a mean of 7.9% 
ewes with health problems in that year. 

Grazing late-pregnant and lambing ewes  
on dual-purpose wheat

Take home messages:

• Dual-purpose crops assist in filling the winter feed-gap.

• Provide ewes ad libitum access to mineral supplements 
(including magnesium, sodium and calcium) and 
maintain body condition score to reduce ewe mortality 
rates when grazing reproducing ewes on dual-purpose 
wheat.

• Mineral supplements can improve growth rates in  
suckling lambs.
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Comparative survey (semi-structured interviews): Ewe 
losses associated with grazing wheat were higher in the case 
group compared to the control group (8.6% v. 1.8%). Producer 
diagnosis of disease attributed more deaths to metabolic 
disease in the case group than in the control group (3.4% v. 
0.6%). Some of the key differences identified between case and 
control groups included:

• A higher proportion of control respondents had provided 
Mg or Na supplementation to ewes grazing wheat.

• The body condition score of ewes entering the grazing 
period was significantly higher in the control group than in 
the case group (average 3.2 v. 2.8).

• One quarter of respondents in the case group supplied 
grain to ewes while grazing wheat, while no producers in 
the control group were feeding grain. This may have been 
associated with the lower body condition score of sheep in 
these flocks compared with the control group.

• The proportion of respondents that fed roughage to ewes 
grazing wheat did not differ significantly between the 
control (48% of respondents) and case groups (35% of 
respondents).

Field experiments: There were no clinical cases of 
hypocalcaemia or hypomagnesaemia observed in either field 
experiment with lambing ewes. Blood serum assays identified 
eight ewes with serum Ca below normal levels and one ewe 
with serum Mg below normal levels in experiment 1, and 
one ewe with Ca below normal levels in experiment 2. The 
provision of a mineral supplement had no demonstrated effect 
on blood magnesium, total calcium, phosphorous or sodium.

There was no difference between treatment groups for lamb 
birth weight or survival in experiment 1 or experiment 2, 
but the growth rate of twin-born lambs in experiment 1 was 
higher when ewes were provided access to a loose-lick mineral 
supplement (259 v. 243 g/hd/day).

Mean digestibility of wheat forage was higher in experiment 
2 compared to experiment 1 (DOMD 79% v. 71% DM) and 
crude protein (CP) was also higher in experiment 2 (mean 27% 
v. 22%). The high values for DOMD and CP in experiment 2 
were due to particularly high levels at the commencement of 
grazing. The potassium content of wheat forage was high in 
both experiments (mean 5.0% DM in experiment 1 and 3.8% 
DM in experiment 2). The mineral composition of wheat forage 
compared to ewe requirements is shown in Table 1. 

Table 1. Comparison of mean mineral content of wheat forage 
compared to ewe requirements (% DM).

Source: McGrath et al (2013) 

a. Requirements for a 50kg ewe with single foetus or single-suckling lamb  
(CSIRO, 2007) 

b.Mean values at start of experiment

c. Mean values at mid-point of lambing period

d. Significant difference between measurement dates within the  
same experiment (P<0.05)

Discussion
Low dietary Ca and Mg can be important in the development 
of hypocalcaemia and hypomagnesaemia (Elias and Shainkin-
Ketenbaum, 1990; CSIRO, 2007). Furthermore hypocalcaemia 
can facilitate the development of pregnancy toxaemia 
(Schlumbohm and Harmeyer, 2003), an important disease 
of late-pregnant ewes. The above results confirm that dual-
purpose wheat forage can be below ewe requirements 
for Ca and Mg, although this does not necessarily result in 
clinical metabolic diseases developing in ewes grazing this 
forage. Some producers in southern NSW have experienced 
ewe mortality rates associated with grazing dual-purpose 
wheat crops they consider to be higher than normal, and 
hypocalcaemia, hypomagnesaemia and pregnancy toxaemia 
are often important when these high losses occurred.  

Based on the mineral profile of wheat forage and experiences 
of producers that have been grazing ewes on wheat, it is 
suggested that providing ewes ad libitum access to mineral 
supplements that include Mg, Na and possibly Ca, and 
maintaining adequate body condition score can reduce the 
risk of high ewe mortality rates when reproducing ewes graze 
dual-purpose wheat. Supplying a mineral supplement can also 
improve the growth rate of suckling lambs, perhaps through 
increased milk production.
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                            Requirementsa                         Balldale       Cookardinia 

Late pregnancy Lactation 1b 2c 1b 2c

Calcium 0.40 0.38 0.28 0.26 0.38 0.27d

Phosphorous 0.20 0.30 0.26 0.26 0.44 0.10d

Magnesium 0.9 0.12 0.08 0.08d 0.10 0.10d

Sodium 0.09 0.09 0.022 0.025 0.007 0.009d
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Australia has a strong lamb industry, including both domestic 
and export markets. As a result, the intensive feedlot industry 
is becoming more popular in Australia. The primary outcome 
of intensive feeding of sheep is to gain maximum growth,  
in the shortest time period, for minimal cost. 

While technological advances have continued in the intensive 
management of the sheep feedlot industry, the core diet 
objectives of energy, protein, vitamins and minerals still remain 
the priority to achieve the primary outcome. Despite extensive 
research in some areas such as carbohydrate fermentation and 
the clinical effects of acidosis, the sheep feedlot industry bases 
many of its current guidelines on anecdotal information, dairy 
and beef cattle research, with limited sheep research included 
(Jolly and Wallace, 2007).

Fibre (roughage) is particularly important in high-concentrate 
diets, due to its role in preventing digestive upsets including 
sub-acute ruminal acidosis and maximising energy intake 
(Galyean and Defoor, 2003). But to date, there have been no 
studies looking at the effect of chop length of hay on intake 
and acidosis. 

The aims of this study were:

• To determine the effect, if any, of chop length of fibre  
 on rumen parameters including rumen pH and Volatile  
 Fatty Acid (VFA) production.

• To determine the most effective chop length for preventing  
 sub-acute ruminal acidosis. 

• To determine the effects of fibre chop length on fibre intake.

Methodology
Ten days prior to sample collection, 30 first-cross (Merino x 
Border Leicester) wether lambs were randomly drafted from 
a commercial mob of mixed sex first-cross lambs running 
on pasture at Wagga Wagga, NSW. Prior to enrolment, all 
lambs were weighed, fat scored, vaccinated against clostridial 
diseases (Ultravac 6 in 1) and drenched with an anthelmintic 
drench. Following this, all lambs were inducted into the NSW 
Department of Primary Industries Animal House, Wagga. The 
lambs were allocated to one of three treatment groups; short, 
medium or long wheaten chaff length and randomly allocated 
to pens. 

The wheaten chaff, fibre for the treatments, was sourced from 
one location in Wagga, as baled wheaten straw. It was chaffed 
to one of two lengths, short (standard 6mm length) or medium 
(about 12mm length), or was left unchaffed as baled straw. 

All lambs were fed a lucerne and wheaten chaff mix for 
seven days prior to sampling. On experimental day 0, lambs 
were fed 300 grams of grain and 600g of the allocated chaff 
in the morning. This continued for four more days, with an 
incremental increase in grain intake each day. 

Rumen fluid, blood and rectal temperatures were collected five 
times over four days; at post chaff feeding (experimental day 
0), pre-feeding (experimental day 1) and three days at three 
hours post grain feeding (experimental days 1-3).

The samples were analysed for rumen pH, VFA concentration 
and the effects of treatment, time and the interactions 
between treatment and time statistically analysed for the three 
treatment groups. 

Results 
There was no difference in pH between treatment groups, 
but the pH differed over time. The time within treatment 
interaction was not significant, indicating there is no effect  
of chaff legnth on rumen pH.

Figure 1 Chaff intake over time during the grain feeding period.

The effect of fibre length on chaff intake and total intake 
showed significant differences on days two and three of grain 
feeding (Figure 1). Short length chaff had a significantly higher 
intake than other lengths. Unchaffed fibre intake continued 
to increase across sampling days, while medium length chaff 
intake droped off by day three of grain feeding. This shows 
that lambs are more likely to eat short chaffed or unchaffed 
fibre. But consideration must be given to the limitations on 
concentrate and energy  intake that can  result from increased 
fibre and dry matter intake.

Fibre chop length and acidosis in sheep

Take home messages:

• Chaff length does not affect rumen pH.

• Fibre length effects chaff intake, with lambs more likely  
 to eat short chaffed or unchaffed fibre.
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Figure 2. The effect of fibre chop length on butyric acid 
concentration levels in rumen fluid.

 

The effects of treatment and time interactions on VFA 
concentrations can be seen in Figure 2. Butyric acid 
concentration increases steadily over the grain feeding days. 
A similar pattern occurs  in a number of other individual VFAs, 
including Propionic acid and Hexanoic acid. VFAs increase 
as a result of carbohydrate fermentation. Under normal 
circumstances, VFAs do not accumulate sufficiently to reduce 
the pH. But rapid production, such as that which occurs with 
increased carbohydrate consumption, can result in increased 
VFAs and so increases the risk of acidosis (Owens et al, 1998).

The data presented, shows that despite an increased 
consumption in short chaff, those animals also produced the 
highest levels of VFAs, indicating a poorer buffering response.
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• 

Pasture establishment in the cropping zone commonly occurs 
by sowing the pasture species under a cover crop, also known 
as under-sowing. A recent survey by the EverCrop™ project 
revealed that within the uniform rainfall cropping zone of 
southern NSW, 83 percent of farmers regularly under-sow their 
pastures. 

This practice goes against traditional research and extension 
advice that recommends pastures be sown without a cover 
crop (straight sown), as under-sown pasture is less productive 
and is at greater risk of failure. But most previous research has 
focused primarily on pasture density and biomass production, 
and did not quantify the potential decrease in livestock 
productivity and financial implications of the cover crop.

Generally, producers’ under-sow pastures because the 
potential income from the cover crop covers the cost of sowing 
the pasture. The success of this practice is difficult to assess 
and varies from year to year. A new decision support tool (DST) 
is under development to help producers predict when pasture 
establishment is likely to be more profitable under a cover crop 
compared to without a cover crop. 

The DST operates under the premise that a pasture is to be 
sown in a particular paddock in the coming year. It enables  
the user to bring together the costs and income from grain  
and livestock production during the pasture phase. 

Methods
The underlying calculation for the DST is the net income 
from under-sowing (US) pasture minus the net income from 
straight-sowing (SS) pasture for the length of the pasture 
phase:

Net income = (Crop income + US livestock income - US variable 
cost) - (SS livestock income – SS variable cost)

Model inputs: An important component of the model is the 
capacity for the user to change a range of inputs to match their 
enterprise. The inputs in the DST (Table 1) include expected 
grain price, grain yield, stocking rate and livestock gross 
margin ($/DSE), establishment costs, the length of the pasture 
phase and relative effect that under-sowing has on pasture 
production (Figure 1). 

Table 1. Input assumptions for Decision Support Tool.

The value for $/DSE has been determined from NSW 
Department of Primary Industries budgets and is the net 
income from livestock, which includes costs for stock and 
pasture management. The years are for the length of the 
intended pasture phase minus the establishment year where 
grazing is limited.

The DST does not calculate pasture production per se but 
rather calculates the differences in stocking rates for the 
different establishment options, which we assume is related 
to pasture production. The under-sowing relative effect is the 
proportion of production from an under-sown pasture relative 
to a straight sown pasture. For example, 0.5 being half the 
production of the straight-sown method. 

To under-sow or not – that is the question? 

                          

DST Inputs An example of input variables

Grain Price ($/t) 180

Grain Yield (t/ha) 2.5

Stocking Rate (DSE/ha) 10

Livestock Gross Margin ($/DSE) 25

US variable cost (crop and pasture; $/ha) 200

SS establishment cost (pasture only; $/ha) 120

Length of pasture phase (Years) 4

US relative effect (proportion; 0-1) 0.5

Take home messages:

• The Decision Support Tool enables producers to 
include all necessary inputs into the decision making 
process. 

• It relies on producer experience in sowing pastures  
to set their ‘under-sown relative effect’ and potential 
crop yield.

• The Decision Support Tool allows producers to  
identify whether under-sowing is more profitable 
under a given set of circumstances compared with 
straight-sowing.

• Producers should remember the Decision Support  
Tool does not substitute for good agronomy.
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Figure 1. User interface of the prototype decision support tool using the input data from Table 1

Source: EverCrop (2012)

Model outputs: The DST provides a single number to estimate 
which pasture establishment method is more profitable. If the 
value is positive, then greater profitability is obtained from 
under-sowing. By contrast, if the value is negative, straight 
sowing the pasture would be more profitable. A number of 
sensitivity graphs are provided to determine what factors 
change the result.

Results
Using the values in Table 1, the DST produces a value of -$5.00, 
indicating that straight sowing the pasture is marginally more 
profitable for the length of the pasture phase (Figure 1). The 
DST comments that this value is ‘too close to call’, and under 
these set of conditions the decision to under-sow or not may 
need to be made by the user on the basis of other ‘non-
financial’ considerations.

The DST can display a number of sensitivity graphs. In this 
example, the length of the pasture phase is shown, indicating 
that straight sown pasture is best (a greater cumulative profit) 
with phases greater than four years. But a minimum six year 
pasture phase is required when the under-sowing relative effect 
is 0.7 (figure 2a), and increases to eight years with a grain value 
of $240 (2b) and nine years with a three tonne grain yield (2c).

Cover cropping decision support tool
Inputs Output

Grain Income Cummulative profit from under-sowing minus a straight sown pasture = -$5.00
Grain Price 180 $/t
Grain Yield 2.5 T/ha

Livestock Income
Stocking Rate 10 DSE I want to compare the effect that Years of Pasture
$/DSE 25 has on the cummulative profit for the pasture phase

Costs
u/s variable cost 200 $/ha
pasture cost 120 $/ha Years of Pasture when under-sowing is equal to straight sowing = 3.96

Pasture Years
Years 4 Straight sowing is the best option

Cover cropping may be more profitable
Reduced production Too close to call - you choose
due to undersowing
u/s relative effect 0.5 Years of Pasture

Grain Yield
Grain Price
$/DSE
U/S relative effect

Years of Pasture

Too close to call - you choose
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Figure 3. The effect of livestock gross margin and stocking rate on pasture relative effects.*

   

a = Pasture relative effect of 0.7, combined with $30/DSE (GM); b = Pasture relative effect of 0.7, combined with a $30/DSE (GM) and 15DSE/ha;  
c = Pasture relative effect of 0.7, combined with $20/DSE (GM) and 8DSE/ha.

Increases in livestock enterprise gross margin or stocking 
rate favour the establishment of pastures by straight sowing 
(Figure 3a, b). In this example, an increase from $25 to $30/DSE 
reduces the minimum length of the pasture phase to five years, 
and when combined with a stocking rate increase to 15DSE/
ha, the minimum length is four years. Conversely a decrease 
in gross margin and stocking rate to $20/DSE at 6DSE/ha 
increases the minimum pasture rotation using straight sowing 
to 11 years (figure 3c).
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Figure 2. Pasture relative effects*.

    

*a = Pasture relative effect of 0.7 using inputs from table 1; b = Pasture relative effect of 0.7, combined with a grain price of $240;  
c = Pasture relative effect of 0.7, combined with a grain price of $240 and 3.0 tonne grain yield.
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Discussion
The primary purpose of the DST is to enable users to include all 
necessary inputs in the decision making process. The DST relies 
on user experience in sowing pastures to set their ‘under-sown 
relative effect’ and potential crop yield. It is likely there would be 
different perceptions of the ‘relative effect’ due to differences in 
climate and soil as well as capability. There is limited data on the 
reduction in pasture growth results in a relative value, but it is 
likely to fall between 0.5-0.8 in normal years. 

The user should also remember the DST does not substitute 
for good agronomy. Many pastures that are under-sown in 
southern NSW are sown towards the end of the crop sowing 
window. Pastures generally need to be sown earlier in the 
sowing window to maximise establishment due to their 
poorer seedling vigour relative to most crop species. If the DST 
suggests it is more profitable in a given set of circumstances 
to establish a pasture under a cover-crop, sowing should occur 
earlier within the sowing window rather than later.

The DST enables the user to identify whether under-sowing is 
more profitable under a given set of circumstances compared 
with straight-sowing. The range of sensitivity graphs helps 
determine how responsive the calculations are to a particular 
parameter. Grain yields greater than 2.5t/ha or grain prices 
greater than $180/t will tend to improve the profitability of 
under-sowing. 

Alternatively, increases in stocking rate and price will result 
in straight sowing pasture being more profitable, especially 
with a relative pasture effect of 0.6 or lower. The length of the 
pasture phase also has a significant impact, with longer phases 
favouring straight sown pasture.
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Notes
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