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Thank you also to the many local businesses who contribute to our regional site operations through the donation 
of time, expertise and product.
Finally, thank you to the members for supporting CWFS, particularly those who contribute their time and expertise 
to the Executive Committee, Core Site or Regional Site committees.
Thank you to all of our sponsors for making the work of CWFS possible.
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On behalf of the Grains Research and Development 
Corporation (GRDC), I am pleased to welcome you to 
the Central West Farming Systems (CWFS) Research 
Compendium for 2014-15.
This edition of the compendium marks the return of 
the publication of CWFS trial reports in one document 
after a few years’ absence. In this electronic age, 
grower groups such as CWFS use a wide range of 
mechanisms to communicate the outcomes from 
their activities to the local grains industry. Despite this, 
annual reports such as this remain vitally important. 
For many growers and their advisers, the traditional 
‘hard copy’ annual report remains invaluable, standing 
the test of time to survive in the farm office or behind 
the seat in the ute, misplaced for periods, resurfacing 
at opportune times to provide gems of information!
As a grower-driven organisation, CWFS has for many 
years been an important GRDC partner. Grain growers 
in the Central West region are faced with locally specific 
challenges so it is essential that those constraints are 
addressed through targeted, locally relevant grains 
research, development and extension (RD&E). The 
collaborative role CWFS plays in ensuring these local 
needs are met is well recognised and appreciated by 
the GRDC, the GRDC Southern Regional Panel and 
the Regional Cropping Solutions Net-works which 
support the Panel.
In 2014, the Panel determined that herbicide resistance 
and nitrogen management were the two key farm-ing 
systems issues across the entire southern cropping 
region – the Central West included.
The GRDC has embarked upon a concerted RD&E 
effort to better understand and address these farming 
systems challenges, along with others that impact on 
Central West grain production, such as management 
of retained stubble farming systems, soil acidity, 
reliance on agrochemicals, water use efficiency, break 
crops, pest and disease management, and skills and 
capacity.

Grower-driven farming systems groups remain an 
integral component the grains RD&E system. Farming 
systems groups play an important role in taking the 
knowledge generated from GRDC national research 
programs to address constraints to grower profitability, 
refining the knowledge by testing it within local 
farming systems and assisting in the development of 
management packages for application by growers. 
Their first-hand knowledge of local farming systems 
and connections to local industry and broader 
community networks underpins the value of grower-
driven organisations such as CWFS in developing and 
extending practical information to growers.
Grain growers in the Central West and the broader 
industry are indeed fortunate to be well served by 
CWFS which remains determined to see that grain 
production in the region continues to be a viable and 
sustainable enterprise.
RD&E activities undertaken by CWFS over the past 
year, and outcomes from those, are detailed in this 
Compendium, which I have great pleasure in presenting 
to you.
Best wishes to you for the 2015 cropping season and 
beyond.

Andrew Rice 
GRDC Manager 
Regional Grower Services – South

GRAINS RESEARCH  
AND DEVELOPMENT  

CORPORATION FOREWARD.

Andrew Rice - GRDC Manager
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2014 has been a productive year, for not only CWFS 
committee, but for our members throughout the region.
The committee are to be commended for the diverse 
and comprehensive programs that have been 
maintained, refined or introduced over the past 12 
months.
Some of these highlights include:
• Opening of LIRAC by Councillor John Ridley.
• Harvesting first crops of canola and wheat from 

the LIRAC block, a significant milestone for CWFS.
• Our regional site program continued to provide 

members with on ground trials, workshops and 
field days. The information and resources gleaned 
from these activities has enabled members to 
make more informed, relevant decisions when it 
comes to their own farming practices.

• 2014 saw the introduction of a CWFS pre-season 
meeting, held at the Manildra Flour Mill. This 
enthusiastic response this received by those in 
attendance, will undoubtedly see the initiative 
continue to ex-pand in the coming years.

• Attendance to the variety of Women and Youth 
activities has been impressive. Excursions have 
been held to Manildra Flour Mill and Gundamain 
Feedlot. The popularity of these events has enabled 
the CWFS to access a much broader audience.

The achievements of the CWFS, would not be at 
all possible without the tireless efforts of our staff. 
The passion Di Parsons has for the committee and 
agriculture in general, will ensure that CWFS, continues 
to remain a reputable source of farming knowledge 
within the region.
Di is ably supported by Di, Julie, Ciara, John, Nick, 
Neil, Willo, Glen and Mitchel. The enthusiasm and 
commitment of each of these employers is greatly 
valued.

I also wish James Mwendwa, who is transferring to part 
time employment, all the very best whilst he completes 
his PHD at C.S.U.
I welcome new staff Jamie Thornberry and Scott 
Chamney to the organisation also.
Thank you to DPI and all our funding partners for their 
support. Industry sponsors also ensure the continual 
growth and security of our organisation.
Finally, I would like to acknowledge the other executive 
members for their assistance. A special thanks to 
Graham McDonald for his guidance during my first 
year as chairman.
We have had a promising start to the season and I 
look forward to what lies ahead for both CWFS and 
our local farmers.

Peter Stuckey 
Chairman 
Central West Farming Systems

CENTRAL WEST  
FARMING SYSTEMS  

CHAIRMAN’S REPORT.

Peter Stuckey - Chairman, CWFS
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It has again been a very exciting and successful, if 
sometime extremely busy, year for the CWFS Executive 
and staff. The team have again had a number of 
successes at both a national and regional level, with 
CWFS having a full suite of projects.
I would like to extend a warm welcome to our new 
staff –Jamie Thornberry, Deb Anderson and Mitch 
Allen. Jamie is employed as CWFS Trials & Extension 
Agronomist, assisting James Mwendwa with his suite 
of projects. Mitch has taken over from Greg Fraser as 
Technical Assistant, who sadly left Condobolin after his 
wife was transferred by the Department of Education. 
Deb is employed part time to act as CWFS Media 
Liaison Officer and is responsible for the newsletter, 
compendium and media releases.
In addition to our large number of projects managed, 
CWFS is successfully now managing the new Lachlan 
Irrigation Research Site at Condobolin with a highly 
successful opening/field day held at the site in 
October. This facility provides an exciting opportunity 
for the organisation to partly become self-funding, 
showcase the latest in irrigation research projects (eg 
GRDC funded NSW DPI led Irrigated Canola & Cereal 
project), and provides a risk management strategy for 
some dryland projects (eg the GRDC funded CSIRO 
led Sow Early project). The Executive and Irrigation 
Steering Committee have provided input into the site’s 
activities, which is greatly appreciated.
The irrigation site also has commercial crops sown 
to both wheat and canola. The aim is to assist with 
self-funding of this organisation. Further activities at 
the site have included the CSIRO sow early project, 
which is managed by Neil Fettell; and the University 
of Adelaide’s barley trials (which is investigating barley 
genetics). 2015 activities will include the University of 
Southern Queensland’s lime and gypsum trial, and 
longterm chemical weed control along fence lines and 
roadways in association with ADAMA.
Looking back on the CWFS achievements for 2014, it 
is gratifying to see the many accomplishments over the 

year. Our regional site program continues to be a major 
strength for our organisation, in no small part thanks 
to the support of our co-operators, project partners 
and all of the regional site committees. The spring field 
days and “Barley to Beer” workshops in particular are 
worth mentioning this year, with great attendances. I 
would like to thank Nick & John for their tireless efforts 
in making these days such talked about events. March 
2015 included a bus tour, commencing at various 
townships from across the region, descended onto 
Manildra to tour Manildra Flour Mill and MSM Milling, 
and incorporated presentations on a number of topics. 
This format allowed a networking opportunity for 
members from across the region, and the response 
has overwhelmingly been to continue to support this 
type of format in future extension activities. I would 
like to thank the Federal Department of Agriculture’s 
Drought Support Package and House with No Steps 
for providing funding towards this successful day.
CWFS was very excited to learn that the GRDC funded 
National Water Use Efficiency project, of which CWFS 
were a partner, was awarded one of the Australian 
Museum Eureka Prizes. These are the country’s 
most comprehensive national science awards. The 
Eureka Prizes have been rewarding science since 
1990 - celebrating 25 years in 2014. We would like 
to congratulate the winning team for their outstanding 
leadership and hard work.
James and Neil submitted, and subsequently were 
accepted; to present a poster showcasing the findings 
from the CWFS Soil Carbon project at the 2014 National 
Soil Science Conference in Melbourne in November 
has been accepted. This was an excellent opportunity 
for this organisation to showcase at a national level 
some of the work we have been undertaking.
Promotion of the work undertaken by CWFS, 
including irrigation, Youth in Agriculture, soil health, 
has seen articles published in the GRDC Groundcover 
magazine, The Land newspaper, Viterra’s Grain 
Business Magazine, the Landcare National Magazine 
and Lachlan Valley Water newsletter.

CENTRAL WEST  
FARMING SYSTEMS  

UPDATE.

Diana Parsons — CEO report AGM 2015
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CENTRAL WEST  
FARMING SYSTEMS  
UPDATE continued.

Diana Parsons — CEO report AGM 2015

The Executive and staff continue to focus on 
effective extension. As part of this strategic direction 
and development of an extension platform that 
incorporates new technologies and social media, 
staff have undertaken training in journalism and media 
strategy. You may be aware that the CWFS website 
is undergoing changes with the launch of the CWFS 
Buy, Swap & Sell section which is designed to provide 
advantages to members and encourage new members 
to join.
Collaborations continue to be a focus for the 
organisation, particularly given the current political 
landscape. These include the development of a 
formal collaboration between CWFS, Farmlink, 
Riverine Plains, Irrigated Cropping Council, Holbrook 
Landcare, and the Graham Centre for Excellence in 
Wagga. In addition, CWFS is leading the development 
of a National Alliance of Farming, and one of the 
instigators of a Southern Grower Group Forum, which 
is supported by GRDC and has already held its first 
meeting of CEOs.
Other collaborations include CWFS continuing to be 
part of the GRDC Farm Business Update Steering 
Committee, the 2015 Agribusiness Today Forum led 
by CSU and Regional Development Australia Central 
West. In addition, CWFS met with the LLS CW Board 
to provide input into regional issues and their possible 
solutions.
GRDC Southern Panel visited early September and a 
number of CWFS Executive and staff met with them. 
This was a good opportunity to showcase CWFS 
activities and the new irrigation research site.
As mentioned last year, the Executive and staff have 
recognised the issue of longer term staff succession 
and agriculture in general. We have continued our 
focus on youth with CWFS continued involvement 
in the Beacon & Vincent Fairfax Family Foundation 
Community Support program which is being trialled 
in Condobolin and Taree. CWFS has been mentoring 
Condobolin High School students with the aim of 

showcasing not only the many facets in agricultural 
career opportunities, but also the work this organisation 
undertakes. This will give these students a better 
understanding of the future of agricultural RD&E.
The highly regarded partnership with NSW DPI has 
continued and gone from strength to strength. I would 
like to thank Ian Menz for being a significant contributor 
to our Executive Committee. I would also like to thank 
our sponsors for their support and providing innovative 
suggestions for extension opportunities for CWFS.
I would also like to thank the executive committee, 
CWFS members and collaborators for their enthusiastic 
support over the past 12 months. In particular, I would 
also like to thank our team for their tremendous 
efforts and enthusiasm over the past 12 months. This 
organisation has again had a big year with a full suite 
of projects and a number of new collaborations being 
developed.
However, it is only through the support of the members 
that CWFS remains a significant and viable industry 
organisation. As a community organisation, it is 
vitally important to use members’ ideas, views and 
suggestions to help shape the direction of CWFS and 
we welcome and appreciate all your contributions.
Thank you again for your support and CWFS looks 
forward to another busy year.
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CENTRAL WEST  
FARMING SYSTEMS  

SOCIAL MEDIA UPDATE.

Jamie Thornberry 

The rapid increase in technology has resulted in 
agriculture struggling to keep up with the times. In 
many ways Australian agribusinesses have been 
reluctant to adopt the new online technologies as the 
perceived return on investment of online media is quite 
low. 
I have found that when working with online media 
the return on investment window must be widened in 
order to capture the benefits over an extended period 
of time. Online media appears to be something that is 
built over time. An online community begins to develop 
around the business as the business begins to provide 
value to the community through press releases and 
online discussions.
The organisations whether they are farming systems 
groups and even chemical resellers they begin to 
establish a rapport with their customers through these 
online mediums. This rapport is mutually beneficial 
as consumers can have instant access to product 
knowledge as well as the agribusiness being able to 
sell more products through this online network.
Due to the highly variable Australian climate combined 
with the ever incurring pressures of weeds and pests 
in agricultural production systems there is a constant 
need for agricultural innovation. Now in this day and 
age farmers need to consider market pressures as 
well as constant fluctuations in the costs of agricultural 
inputs instead of just focusing on the environmental 
impacts on production. 
This demand to increase the level of innovation 
in agriculture has heightened the need to apply 
science and technology in the field of agriculture. The 
increased demand for agricultural research has led to 
research organisations needing to alter the process of 
disseminating agricultural extension material. 
The new age has allowed researchers to tailor make 
extension packages into a form that is readily adoptable 
by farmers. The new packages have moved away from 
the standard print media and have evolved into a form 
of digital multimedia. 

The main benefits in developing these extension 
packages have been two fold. Firstly the cost of 
the extension process that utilises digital media is 
significantly cheaper than the traditional print media 
methods. Secondly the process of distributing digital 
media is instantaneous. This allows for farmers to 
receive timely updates on agricultural research as it’s 
needed throughout the season.
Looking ahead I believe that we will evolve from the 
old extension model of producing information in blocks 
to a seamless flow of information that is relevant to 
farmers at that point in the season. An example of this 
would be to supply farmers with integrated approaches 
to mouse control during an outbreak.

www.cwfs.org.au

@CWFS_Condo

@Central West Farming Systems
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MICE IN AUSTRALIA.



13

MONITORING MICE IN AUSTRALIA.
NOVEMBER 2014.
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BREAK CROPS &  
CROP ROTATIONS: 
EFFECTS ON NITROGEN, 
PASTURE YIELD, GRAIN 
YIELD & PROFIT.
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BREAK CROPS & CROP ROTATIONS: 
EFFECTS ON NITROGEN, PASTURE YIELD, 

GRAIN YIELD & PROFIT.
James Mwendw 

 Research Agronomist, Central West Farming Systems

Nigel Wilhelm 
Research Scientist, South Australian Research and Development Institute

Tony Swan, Laura Watson, Mark Peoples, James Hunt, 
CSIRO Sustainable Agriculture Flagship, CSIRO Plant Industry, Canberra ACT

Guangdi Li, Richard Lowrie; Graham Centre  
(alliance between CSU and NSW DPI), Wagga Wagga, NSW

Paul Breust 
FarmLink, Junee, NSW

SUMMARY
Crop sequence experimentation undertaken in Central West NSW in 2011 and 2012, has demonstrated 
that crop sequences which include a brassica or legume break crops can be as profitable as, and in many 
instances more profitable than, continuous wheat.
Growing pulses for hay was found to provide high quality feed as good as from cereals but hay from canola 
was less nutritious. However, canola hay provided an alternative option in cases where a possible crop failure 
is likely due to adverse weather.
Growing pulses for hay was found to be profitable across a range of season types, achieves excellent grass 
weed control and provides greater N inputs and higher carry-over of soil water than when the same crop is 
grown for grain.
Measurements of on-farm amounts of shoot N fixed per hectare in farmer-sown crops in 2011 varied from 13 
to 42 Kg N/ha with field peas fixing the most N, and also yielding better than lupins and chickpeas
Canola was consistently the most profitable break crop option at Junee. However, the rotational benefits of 
canola were usually restricted to just the first subsequent wheat crop whereas additional wheat yields can 
occur for 2 years after a legume.
Growing pulses for brown manure loses money in the year they are grown, but achieves excellent grass weed 
control, high N inputs, residual carry-over of soil water, provides more ground cover, and requires less labour 
than when grown for hay or grain.
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BACKGROUND
Most grain-growers recognise that they should include 
broadleaf species in their cropping program to reduce 
dis-ease incidence for cereals, help manage weeds 
and to improve soil nitrogen (N) fertility. However, the 
area sown to legume pulse crops or canola declined 
dramatically between 1999 and 2009. There were many 
good reasons why growers reduced the frequency of 
broadleaf species during that time which were related 
to late starts to the growing season, drought and risk 
aversion. Yet it appears that much of the decline can 
also be attributed to the wide-spread perception that 
broadleaf options are higher risk and not as profitable 
as cereals. The aim of the work de-scribed here was 
to challenge this notion, and to examine the impacts of 
break crops on the longer-term financial performance 
of following wheat crops.
Data collated from many field experiments indicate 
average yield improvements equivalent to 0.6-
0.8 tonnes of wheat/ha when wheat is grown after 
canola or mustard compared to wheat on wheat, and 
between 1.1-1.8 t/ha by wheat grown following a grain 
legume compared to the yield of wheat on wheat in the 
absence of N fertilizer. Some of this increase in wheat 
yield can be derived from: (i) breaking of cereal disease 
cycles, (ii) changes in soil structural characteristics that 
encourage a deeper rooting depth, (iii) carry-over of 
residual soil water, or (iv) providing a range of weed 
contol options (Kirkegaard et al., 2008; Peoples et 
al., 2009; Kirkegaard and Hunt, 2010). In the case of 
legumes, rotational benefits can also be derived from 
specific effects on: (v) the composition of soil microbial 
populations, (vi) increased availability of soil N, and/or 
(vii) increased availability of phosphorus.
This article is an update on the crop sequencing 
project which started in 2011 and will finish in 2014. 
The update focuses on the impact of break crops on 

wheat and canola grain yield in 2012 from a single 
break crops grown in 2011 at Central west and Junee 
Reefs NSW. The project is funded by GRDC and the 
experimentation is undertaken in association with 
SARDI and CSIRO. The Trial results from Junee are 
provided through the courtesy of FarmLink and CSIRO 
Canberra.
The major trial was set up in 2011 at Condobolin with 
one or two year break phases which included pastures, 
pulses, canola and back to back wheat as the control. 
In addition 3 on-farm demonstration trials were also 
set up with a limited number of break crops on farms 
in Trundle, Forbes and Lake Cargelligo. The rotation 
phases were moni-tored for root diseases, nutrition, 
nitrogen fixation, weed seed bank, soil biology, 
biomass production, yield (both grazing, fodder and 
grain) and water use efficiency. However, in this update 
only hay yields and nutritive value, nitrogen fixation and 
the impact of one year break crop effects on wheat 
yield and quality in 2012 are discussed.

RESULTS AND DISCUSSIONS
1. Hay yield and Nutritive Value based on Dry 
Matter
In 2011, to investigate the value of different end uses 
on profitability, canola, cereal and some pulse crops 
were cut for hay at mid-pod/grain fill growth stages. 
Both hay yield and nutritional values are reported in the 
results below.
 
Table 1 shows hay yield and nutritive value from different 
crop varieties. Hay yield was similar between crops but 
nutritive values were quite different. Hindmarsh Barley 
yielded the most highly nutritive hay with the highest 
me-tabolisable energy (ME) of 12.2 and the best 
digestibility (DMD 80%) of all the crops reported here. 
Wheat and field peas had a similar hay yield, DOMD, 

Crop Variety Hay (Kg/ha) DM NDF ADF CP DOMD DMD ME
Canola 44Y84CL 2946 94.8 52.0 37.7 10.5 46 47 6.5
Canola Hyola 575 CL 3039 95.0 49.7 37 9.8 45 46 6.2
Canola Hyola 575 CL 2987 95.0 48.3 34.7 11.5 53 54 7.7
Barley Hindmarsh 3492 94.5 39.3 19.7 9.5 75 80 12.2
Field peas Twilight 2939 94.8 35.7 22.3 12.8 73 78 11.8
Wheat Livingston 3183 95.1 42.0 22.3 9.0 71 76 11.4
Wheat Lincoln 3338 94.6 41.3 21.3 9.2 73 78 11.7
P- Value NS NS P<0.005 P<0.005 NS P<0.005 P<0.005 P<0.005
LSD-5% 993 0.57 5.36 3.70 2.81 9.0 10.5 1.8

Table 1: Comparison of crop hay yield and nutritive value from canola, field peas and cereals grown in 2011 at crop sequence core site 
Condobolin. The nutritive values are expressed as a percentage of the total Dry Matter (DM) and are described as follow; Neutral detergent 
fibre (NDF), Acid detergent fibre (ADF), Crude Protein (CP), Digestible Organic Matter in Dry matter (DOMD), Dry Matter Digestibility (DMD) 
and Metabolisable Energy (ME).
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DMD and ME, however, field peas had higher crude 
protein. Canola had simi-lar hay yield to field peas 
but very low ME (maintenance level energy) and poor 
DMD which may suggest harvesting canola hay earlier 
(before mid-pod fill) could yield a higher nutritive hay 
feed for stock.

2. Measures of nitrogen (N) fixation by farmer-
sown pulse break crops in 2011
The amounts of shoot N fixed per hectare by the 
farmer-sown legume crops varied from 13 to 42 kg N/
ha (Table 2). The variation in the total N fixed is largely 
influenced by many factors such as type of crop, 
available soil nutrients, moisture, and levels of rhizobia 
in the soil, inoculant type and amount used. Any of 
these factors or a combination has been demonstrated 
through numerous studies to impact on the amount of 
N fixed. Provided that there are no major constraints 
to effective rhizobia function the major determinant of 
the amount of N fixed by a plant is largely driven by the 
above ground dry matter (DM) production.

As a rough rule of thumb, between 15-25 kg N is usually 
fixed for every 1 tonne of above ground DM produced. 
Of the 8 pulses examined in 2011, the amount of 
shoot N fixed fell within this expected range for 5 of the 
crops, while there was suggestion that some form of 
constraint limited N fixation by the re-maining 3 (Table 
2). Not all the fixed N is available for the next season’s 
crop. Some of the fixed N will be exported from the 
paddock in grain (see Table 2), and less than 20% 
of fixed N remaining in the shoot residues after grain 
harvest would be expected to become available for the 
following season’s cereal crop through mineralisation, 
with only about 5% of the legume residue N then 
becoming available for subsequent crops thereafter.

3. Impact of one year break crop effects on 
subsequent 2012 wheat yield at Condobolin
The 2012 wheat was grown on 2011 break crop plots 
which had different end uses such as hay, grain or 
grazing. The control (wheat on wheat) was top dressed 
with an extra 23 units of N (50Kg Urea) at GS 30 while 
the rest of the treatments received no extra N.

Table 2: N fixation comparison between different pulse farmer-sown crops grown at different commercial pad-docks in Central West NSW 
in 2011.

Trial Site Crop Variety Total Crop 
tDM/ha

Shoot N Fixed? 
(kg N/ha)

Shoot N 
fixed(kg 
N/t DM)

Grain Yield 
t/ha

Grain 
N %

Grain 
Removed 
(kg N/

Condo PS Field peas - Twilight 2.8 42 15 1.1 3.6 38
Forbes TF Lupins - Luxor 0.9 20 21 0.5 5.8 28
Forbes TF Chickpeas - Hat 

trick 0.8 14 17 1.1 3.3 36

Forbes TF Field peas - Twilight 2.3 41 18 1.5 3.8 58
L. Cargelligo 
DD

Lupins - Mandelup 1.8 20 12 1.1 5.5 61

Trundle DW Chickpeas - Hat 
trick 1.7 13 8 1.0 2.9 30

Trundle DW Lupins- Luxor 1.7 26 15 0.4 5.5 19
Trundle DW Field peas-Twilight 2.0 23 12 1.0 3.4 34
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There were large differences in yield and protein levels 
for wheat growing on pulse break crops compared with 
those growing on pasture serradella, canola or cereals 
(barley, oats and wheat) see Table 3. For example 
wheat on lupins yielded 300 kg/ha more than back to 
back wheat, despite the extra 23 units of N applied 
on the back to back wheat. However, there was a low 
yield (1.35 t/ha) for the wheat growing on serradella 
but the protein levels were higher (11.5) compared with 
wheat growing on any other break crop. The low yield 
was probably due to the late spraying out of serradella 
prior to sowing in 2012. These late sprayed out plants 

likely utilised some of the summer moisture.

4. Impact of one year break crop effects on 
subsequent 2012 wheat yield at different 
commer-cial paddocks in the region.
The crop sequence demonstraion trials at commercial 
paddocks were done by respective landholders at 
Condobolin, Forbes, Trundle and Lake Cargelligo. 
Table 4 above shows the comparison in wheat yields 
after 2011 fallow and different break crops. The wheat 
following fallow and pulse had higher yield than back 

Figure 1: The 2012 wheat yield after 2011 break crop in farmer-sown paddocks at Condobolin, Trundle and Lake Cargelligo.

Table 3: Impact of one year break crop effects on 2012 Livingston wheat yield and grain quality.

Break in
2011

End use in
2011

Crop 2012 Average Yield 2012 (t/ha) Average Protein %
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to back wheat or following barley; the fallow and Lupin 
treatments yielded 0. 7 t/ha more than back to back 
wheat and 0.8 t/ha more than barley to wheat (Table 
4). Wheat growing on chickpeas, field peas and canola 
yielded similarly but signicantly higher (0.4 t/ha) than 
the wheat growing on cereals (Table 4). There were 
also important differences between wheat protein 
levels. Wheat growing on pulse break crops had higher 
protein levels compared with wheat on wheat (8.5 vs 
12.9 %).

CONCLUSION
All in all crop sequences with a break crop were more 
sustainable in terms of Livestock feed, root diseases 
and N inputs than continuous wheat, and provided 
cheaper, more effective strategies for controlling weeds 
and managing soil water. Wheat following break crops 
had lower costs of production and was consistently 
more profitable than wheat on wheat especially at 
the commercial paddocks. The bigger yield benefits 
for commercial paddock crops could be attributed to 
better performance of 2011 break crops and moisture 
conservation compared to small plots. Also the small 
2011 break crop effects at Condobolin trial site could 
be attributed to nutritional constraints.
Therefore, break crop option and choice should be 
based on individual farm management and ability to 
manage the various break crops options in the rotation. 
If growers remain flexible in break crop and end-use 
decisions, and make suitable choices, risks associated 
with producing them can be greatly reduced. 
Work within this project will now attempt to identify 
how break options will perform across a range of likely 

seasons in the central west region to further assess 
their risks and productivity.
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Table 4: The impact of one year break crop effects on 2012 wheat yield and grain quality in commercial paddocks at Condobolin, Trundle 
and Lake Cargelligo. The statistics parameters apply across the sites and therefore the whole table.

Trial Site Crop 2011 Crop 2012 Yield t/ha Protein % Harvest 
Index %
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SEASONAL EFFECTS OF  
STUBBLE TREATMENTS ON  
CANOLA ESTABLISHMENT  
AND GRAIN YIELD.
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KEY POINTS
• During 2013, in canola crops sown on time that 

achieved target plant populations, it appears that 
late burning and/or cultivation of previous crop 
stubbles improved yield.

• The cost of burning stubble needs to be considered 
both in terms of dollar labour cost and lost nutrients. 
Potential impact on fallow efficiencies following 
the canola crop need to be better understood. 
Burning stubbles may have a fit in paddocks where 
windrows are being burnt for grass seed control or 
stubbles are too heavy for seeders to get through.

• The cost of cultivation needs to account for both 
cost of the operation as well as the risk soil erosion, 
and the possibility of producing drier seedbed 
conditions at sowing time.

• CWFS proposes to do further trials in the next two 
years. Remember this report represents only one 
year (2013) of data from trials at Rankins Springs, 
Wirrinya and Tullamore.

AGRONOMIC LOGIC TO TRIAL
Stubble retention within cropping systems in CWFS 
districts is a common practice. The 2013 CWFS 
farmer survey (representing 47 producers managing 

SEASONAL EFFECTS OF STUBBLE 
TREATMENTS ON CANOLA 

ESTABLISHMENT AND GRAIN YIELD.
John Small - Central West Farming Systems 

November 2014

CWFS are conducting trials in commercial canola paddocks to investigate the impact of different stubble 
treatments imposed towards the end of the fallow have on the establishment and yield of canola. The aim of 
the trials is to improve canola establishment and yield in stubble retained farming systems.
During 2013 CWFS conducted a trial at 3 locations - Rankins Springs, Wirrinya, and Tullamore. These trials 
have been previously reported.
During 2014 CWFS repeated the trials at Rankins Springs, Wirrinya and Condobolin. The CSIRO (Macfadyen 
S, Neave M) used the Wirrinya trial site to investigate the impact of stubble treatments on insect populations. 
This trial has been reported separately.

GRDC project CWF00018 – Maintaining profitable farming systems with re-tained stubble in Central West, NSW

Rankins Springs trial management was contracted to AgGrow Agronomy and Research.
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207,000 ha) highlighted that 70% of producers 
regularly maintained stubble cover over summer whilst 
20% regularly maintained fallows by cultivation alone. 
No simple relationship between farm size and stubble 
management practice could be determined. Canola 
is the most commonly used annual break crop in the 
cropping programs in the region where wheat is the 
major crop. It is widely accepted that three concurrent 
triggers need to be available for profitable canola 
production in the region namely: profitable market price, 
good stored sub soil moisture and sowing rain in April. 
Variable seasons in CWFS districts produce variable 
stubble loads for the following crops and can influence 
the establishment of canola. This trial seeks to develop 
best practice guidelines for canola establishment in 
the variable stubble loads experienced in the region.

TRIAL DESIGN
The trials were 4 ranges and 4 rows, and consisted of 
4 replicates. Each replicate was 1 range and 4 rows.

There were 4 stubble treatments; standing, burnt, 
mulched and cultivated imposed on commercial 
paddocks. Plot size was 10 metres wide by 40 metres 
long, running between the co-operators tram tracks. 
The plots were farmer sown as part of their commercial 
canola planting program. Trial layout is shown in Figure 
1.

Figure 1: 2013 Trial Plans

“THE TRIALS WERE 4 
RANGES AND 4 ROWS, AND 
CONSISTED OF 4 REPLICATES. 
EACH REPLICATE WAS 1 
RANGE AND 4 ROWS”.
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TRIAL SITE Rankins Springs

CO-OPERATOR Micheal Pfitzner, “Hill End”. CWFS contracted Ag Grow Agronomy and Research 
to manage and harvest this trial.

PADDOCK HISTORY Long term, no till continuous cropping paddock with a general rotation of 
wheat/Barley/legume/ wheat/ wheat canola. 2012 the paddock was sown with 
wheat that yielded over 3 t/ha.

SOIL TYPE Red mallee sandy loam

STUBBLE TREATMENTS 
IMPOSED

31 March 2014

SOWING DATE 17 April 2014, variety 43C80, Seeding rate 2kg/ha, 50 kg/ha MAP fertiliser with 
seed into moist seedbed with good subsoil moisture. Sown with a NDF disc 
seeder with 273 mm row spacing.

HARVEST DATE Harvested as standing crop on 28 November 2014.

SPECIAL NOTES The cultivated treatment was burnt and then cultivated with tynes.
In the cultivated treatments soil throw at planting onto the rows sown by the 
front units resulted in seed being sown to deep. Seedling emergence in these 
rows was all but zero. A similar effect could be ob-served in other treatments 
but it appeared to have no effect on emergence rates.
100kg/ha urea top dressed early June 2014.
The site was severely impacted by frosts during July and August.

TRIAL SITE Condobolin

CO-OPERATOR Peter Quade, Boona Rd partnership

PADDOCK HISTORY Recently developed no till cropping paddock previously sown to hindmarsh 
barley.

SOIL TYPE Red sandy loam.

STUBBLE TREATMENTS 
IMPOSED

2 April 2014

SOWING DATE 23 April 2014, variety Victory 3002, 70 kg/ha MAP plus 100kg deepbanded 
urea fertiliser into moist seedbed.

HARVEST DATE Plots were representatively sampled prior to commercial windrowing. Samples 
were dried and processed at Condobolin Agricultural Research Station.

SPECIAL NOTES Cultivation treatment imposed with light offset discs. Crop was topdressed with 
70kg/ha urea early June.

TRIAL SITE Wirrinya

CO-OPERATOR Angus & Kim Maslin, “Bergen Park”

PADDOCK HISTORY No till continuos cropping paddock with a general rotation of wheat/barley/
canola. 2013 the paddock was sown with wheat.

SOIL TYPE Heavy black flood plain soil

STUBBLE TREATMENTS 
IMPOSED

1 April 2014
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SOWING 10 May 2014, 2 kg/ha Gem canola, 50 kg/ha MAP fertiliser and 100kg/ha 
Sulphate of ammonia into moist seedbed with good subsoil moisture. Sown 
with a NDF seeder at 25 cm row spacing.

HARVEST DATE Plots were representatively sampled prior to commercial windrowing. Samples 
were dried and pro-cessed at Condobolin Agricultural Research Station.

SPECIAL NOTES Cultivation treatment imposed with light offset discs
Topdressed with Urea 100kg/ha mid June.

SEEDLING ESTABLISHMENT V’s STUBBLE TREATMENT

YIELD V’s STUBBLE TREATMENT
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DISCUSSION - ESTABLISHMENT
At Tullamore, which had the lowest average plant 
establishment across all treatment of 14.7 plants per 
square metre, there was no significant interaction with 
stubble treatments. Low plant population appeared to 
have been adequate for the season.
At Wirrinya and Rankins Springs, where targeted plant 
populations were achieved, there were significant but 
different interactions at each site.
At Wirrinya mulching resulted in the highest 
establishment which was significantly better than 
cultivating but not standing or burnt treatments. 
Cultivation resulted in the lowest plant population 
but not significantly lower than standing or burnt. 
No definite reason can be identified for this response 
beyond a simple suggestion that it was related to the 
less than ideal seed bed moisture at sowing or surface 
crusting of the soil following rain soon after emergence.
At Rankins Springs cultivation ranked highest in plant 
establishment counts but not significantly higher than 
standing or burnt. Mulching resulted in the lowest plant 
population but not significantly lower than standing or 
burnt. This site had good seed bed moisture at sowing 
and it is proposed that the cultivation treatment allowed 
the seed to germinate in conditions of good seed soil 
contact without any impediments from stubble. There 
was evidence of the treatments with mulched stubble 
hair pinning during seeding and it is suggested that 
this is the likely reason for poorer emergence.
Visual differences could be observed across stubble 
treatments during the trial, refer to photographs 3, 4 
and 5. Generally the burnt and cultivated treatments 
appealed to the eye as being even in colour and ahead 
in terms of ground cover. As all trials progressed 
differences became less apparent as the plots matured, 
although the burnt and cultivated treatments visually 
appeared to flower earlier with a tighter flowering 
period.
Timely sowing is a critical driver of profitable canola 
production and it appears that seasonal issues 
this year did bring short term agronomic benefits or 
risks associated with stubble conservation, burning 
or cultivation into play. These appear to be primarily 
related to seedbed moisture at sowing with the 
cultivated treatments and the ability to achieve good 
seed soil contact with mulched stubble.

DISCUSSION - YIELD
Significant yield interaction between stubble treatments 
has been observed in crop that was sown on time and 
achieved a good initial plant population; namely the 
Wirrinya and Rankins Springs crops.
At Wirrinya the burnt and cultivated treatments with 
yields of 2.55 t/ha and 2.19 t/ha respectively yielded 
significantly higher than the mulched (1.68 t/ha) and 

standing (1.87 t/ha) treatments. LSD 0.42t/ha.
At Rankins Springs the burnt and cultivated treatments 
with yields of 1.23 t/ha and 1.20 t/ha respectively 
yielded significantly higher than the mulched (1.02 t/
ha) and standing (1.02 t/ha) treatments. LSD 0.16t/ha.
Three obvious questions arise on the practical 
application of these measurements:
Is the observed response repeatable over a number 
of years or is it just related to the 2013 season and in 
particular the dry spring conditions?
It is planned to repeat these trials again in 2014 and 
2015.
What can be done in the standing stubble treatment 
to lift the yield to be equivalent to the burning or 
cultivation treatments?
It is anticipated if these effects are repeated in future 
years that CWFS will develop research plans with other 
organisations in the broader GRDC Southern region 
stubble initiative to investigate opportunities.
What are the costs and risks associated with using 
strategic burning and cultivation in standing stubble 
treatments to lift canola yields?

DISCUSSION - BURNING
Based on discussions with producers a reasonable 
cash cost for burning appears to be about $4/ha. 
Significant management time is involved in planning 
any burning and needs to consider business liability, 
compliance with regulation issues and work place 
health and safety issues.
Loss of nutrient by late burning wheat stubbles at 
Condobolin is presented in table 1 as reported by 
Scott et al (2010). The replacement of these depleted 
nutrients as fertiliser would have a cash cost.

Nutrient N P K S Ca Mg
Mean kg/
ha lost 9.1 0.2 4.1 2.0 0.6 0.5

Range 2.8 - 
20.6

0.1 - 
0.5

2.2 - 
8.1

1.3 - 
3.2

0.3 - 
1.2

0.3 - 
0.8

Table 1: The amount of nutrients (kg/ha) lost by late burning wheat 
stubble prior to sowing at Condobolin (2.34 t/ha). (Scott et al 2010)

Fallow efficiencies for the summer following the canola 
crop established on burnt stubble may be reduced. 
Stored soil moisture at sowing is a major driver of 
crop yields in Central West Farming Systems districts 
(CWFS 2012). Canola crops themselves produce 
light stubble cover after harvest, and burning old 
stubble prior to sowing canola will result in relative low 
ground cover in the fallow following the canola crop. 
It is generally accepted that the presence of stubble 
during the summer increases soil moisture at sowing 
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by a combination of improving rainfall infiltration and 
reducing evaporation. It also mini-mises wind and 
water erosion. The seasonal interaction is related to 
soil type and rainfall distribution in the summer. Further 
work needs to be done to quantify the potential yield 
penalty in the subsequent crop due to reduced soil 
moisture stored during the fallow.

CULTIVATION
Based on discussions with producers, a reasonable 
cash cost for cultivation appears to be about $25/
ha. The savings of input costs and the environmental 
benefits to the soil such as reduction in wind and water 
erosion, improved soil water storage and maintenance 
of soil structure have driven the adoption of 
conservation tillage practices in Central West Farming 
Systems districts. The longer term impact of a one off 
strategic tillage on the farming system is a hot topic 
of current producer discussion and research. A major 
short term disadvantage to a cultivation to improve 
yield potential is that it may result in rapidly drying 
seed bed conditions at the optimum sowing time. It 
is well recognised that timely sowing is a critical driver 
to profitable canola production. Cultivation can also 
stimulate buried weed seeds to germinate, creating 
new weed issues on otherwise clean paddocks.
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Image: Rankins Springs site prior to sowing.

Image: Rankins Springs 48 days after sowing.

Image: Standing stubble treatment 48 days after sowing.

Image: Burnt stubble treat-ment 48 days after sowing.

Image: Cultivated stubble 48 days after sowing.
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ANALYSIS FROM TRIALS SHOWS  
VALUE OF NITROGEN.

ANALYSIS FROM TRIALS SHOWS VALUE OF 
NITROGEN
The results from seven fertiliser trials conducted in 
wheat last year in South Australia, Victoria and New 
South Wales indicate a positive correlation between 
nitrogen application rates and net returns.
Incitec Pivot Fertilisers commissioned the single year 
trials in wheat in 2013, collecting information on the 
crop responses to various nitrogen rates.
Charlie Walker, Technical and Development Manager 
with Incitec Pivot Fertilisers, then analysed the trial 
results, applying assumptions about wheat prices and 
costs, to indicate the financial returns of using different 
nitrogen rates.
As a result, the yield achieved in six of the seven trials 
resulted in a positive return net of fertiliser cost when 
compared with the control where no nitrogen was 
applied.
The wheat produced from each nitrogen rate was 
graded and given an assumed selling price based on 
the 2013/14 AWB eastern season starter pool (less 
estimated site costs1 for the silo closest to the trial). 
The fertiliser costs were assumed to be the Incitec Pivot 
Fertilisers recommended retail price from the nearest 
port, ex. GST on 25 February 2013, plus an estimated 
freight cost. These assumptions do not reflect labour, 

land holding costs or other expenses.
“At Dookie, Griffith, Bordertown and Willaura, returns 
net of fertiliser cost were positive and generally 
increased as nitrogen rates increased up to 120 kg/ha 
of nitrogen,” Mr Walker said.
“The exceptions were at Forbes where 30 kg/ha of 
nitrogen was not enough to increase wheat yields, 
but incurred a cost, and at Kerang where returns were 
variable and low due to lower average yields.”
In the seventh trial, at Curban, the return net of fertiliser 
cost for all fertiliser application rates was less than the 
control. Mr Walker said that poor conditions and high 
residual nitrogen levels may explain this result.
“However, at Forbes, for example, applying 60 kg/ha 
of nitrogen yielded more than 5 t/ha of ASW1 grade 
wheat. On the same price assumptions, the return net 
of fertiliser cost was $28/ha greater than the control,” 
he said.
“Increasing rates to 90 kg/ha of nitrogen in this same 
trial at Forbes gave further yield gains and the return 
net of fertiliser cost was $80/ha higher than the control.
“Conversely, based on the same price assumptions, 
lowering the application rate to 30 kg/ha in the Forbes 
trial resulted in a negative return net of fertiliser cost 
when compared with the control.”
At the Willaura trial, 120 kg/ha of nitrogen gave the 

Charlie Walker - Incitec Pivot Fertilisers
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Financial analyFinancial analysis of wheat response to N at six sites (excluding Curban) – 2013

top yield response, produced APW1 grade wheat and 
based on the same price assumptions, the return net 
of nitrogen costs was $241/ha greater than the control.

NOTE 
Based on the six positive trial sites only (Dookie, Griffith, 
Bordertown, Forbes, Willaura and Kerang). Data from 
Curban excluded. Data from the 360 kg/ha of nitrogen 
rate at Griffith excluded. This chart represents the value 
of returns from increasing yield and achieving higher 
grade grain compared with the costs of the nitrogen 
applied. (Gross $ returns from treatment – gross $ 
returns from 0 N control – fertiliser cost)
“The correlation between returns and nitrogen rates 
shows that applying nitrogen fertiliser can provide 
good value in wheat in responsive situations,” said Mr 
Walker.

He said advisers examining the combined data should 
consider the nitrogen rates generally used in their 
region.
Mr Walker encouraged advisers to base their nitrogen 
recommendations on sound information.
“While this analysis shows a general positive trend 
between using nitrogen and profitability, nitrogen 
fertiliser will not always boost profitability,” he said.
“Use soil testing to determine starting soil nitrogen 
levels, ensure pests, weeds and diseases are under 
control and account for inputs from other nitrogen 
sources, including pulse crops and pasture rotations.”
The full results of the financial analysis are available for 
review by members of the Agronomy Community at 
www.agronomycommunity.com.au or contact Charlie 
Walker, charlie.walker@incitecpivot.com.au.

REFERENCES
1 Estimated site costs include port, freight, receival 
and upcountry costs as quoted at www.awb.com.au
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SEASONAL EFFECTS OF 
STRATEGIC STUBBLE 
TREATMENTS ON 
NITROGEN RESPONSE  
IN WHEAT.
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SEASONAL EFFECTS OF STRATEGIC 
STUBBLE TREATMENTS ON NITROGEN 

RESPONSE IN WHEAT.

KEY POINTS
• During 2014 stubble treatments imposed late in 

fallow generally had no impact on N response.
• During 2014 generally farmers in the absence of 

frost or unusual rainfall events during the season 
were able to reliably predict final yield before sowing. 
Where a site was N responsive, an N fertilizer rate 
of 20kg actual nitrogen/ha/per tonne of expected 
yield produced the most profitable result.

• During 2014 split N applications only improved 

yield and protein at Nyngan which experienced a 
well above average growing season rainfall.

• During 2014 split N applications would have 
possibly reduced risk at two sites, Lake Cargelligo 
and Ungarie where a decision not to apply the final 
1/3 topdressing may have been made due to soil 
moisture and rainfall outlook.

• The benchmark of 20kg/ha of actual N per tonne of 
expected grain yield assumes unrealistic N recover 
rates from soil and fertilizer but never the less it 
continues to be a widely used “number” during the 

John Small & Nick Hill - Central West Farming Systems

CWFS are conducting trials at its regional sites that investigate the impact of different stubble treatments 
imposed towards the end of the fallow have on nitrogen response (applied as urea) in wheat yield and quality 
and evaluate the widely used advisor/farmer benchmark of 20 kg actual N required per tonne of expected 
yield.
During 2014 CWFS conducted a trial at 6 locations Nyngan, Alectown, Gunning Gap, Lake Cargelligo, 
Ungarie, and Tullamore. Co-located with these trials another trial was conducted that investigated the impact 
of different stubble treatments imposed towards the end of the fallow have on the yield of wheat and barley 
without any topdressing. This trial will be reported separately but should be considered a sister trial to this 
nitrogen trial report. Collectively these 2 individual trials investigate the agronomic influences impacting 
production in stubble retained systems in the Central West.

GRDC project CWF00018 – Maintaining profitable farming systems with retained stubble in Central West, NSW
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commercial decision making process to topdress 
crops.

AGRONOMIC ISSUES
The nitrogen demand for maximum yield and protein 
of dryland crops in Central West NSW is unpredictable 
until late crop development because of variable Spring 
weather conditions, particularly rainfall. Potentially 
nitrogen fertiliser can be one of the largest variable 
costs in wheat production. These two issues have seen 
farmers adopt topdressing with urea as an important 
management strategy to balance the seasonal risks 
and rewards of nitrogen fertilizer. Various approaches to 
N budgeting have been developed that assist growers 
to justify how many dollars in the form of nitrogen to 
risk in an attempt to maximise returns in any one year.
A common rule of thumb used to determine crop 
nitrogen application rates is 20kg/ha of actual N 
per tonne of expected grain yield. In agronomic N 
accounting logic this benchmark assumes unrealistic 
N recover rates from soil and fertilizer. The number 
also fails to account for any soil N at sowing or any 
N that may have mineralised incrop. Never the less 
it continues to be a widely used “number” during the 
inseason decision making process to topdress crops 
were growers are not using computer based decision 
support tools to decide topdressing rates. Growers 
using the benchmark consider observations of crop 
performance, a “gut feel’ about how the season will 
finish and a knowledge of their business position and 
market expectation to decide to spend (risk) money on 
N fertilizer.
Organic N in the soil profile provides the basis for N 
mineralisation in addition to the crop residues that are 
cycled near the soil surface. Recent research (Angus, 
CSIRO, 2013 Forbes GRDC Update) suggest that 
organic N declines by 2-3% in continuous cropping 
systems. Fertilizer applications or growing grain legumes 
reduces the rate of decline but does not maintain the 
level. To maintain yields with continuous cropping it is 
suggested that the application of N fertiliser will need 
to double over the next forty years. Currently urea 
fertilizer manufacture requires a significant amount 
of natural gas with modern manufacturing facilities 
approaching thermodynamic maximum. The outlook 
is that whilst the availability of natural gas is unlikely to 
limit N fertiliser supplies the cost of manufacturing will 
not fall due to improved production efficiency.
These two individual issues alone are pushing 
producers to use N fertilizer more efficiently. Testing 
the 20 kg/ha per tonne benchmark under a range of 
stubble conditions over a number of seasons will either 
confirm the number for Central West Farming Systems 
districts or help develop options for more efficient 
benchmarks.

TRIAL DESIGN
The trial is 9 ranges and 7 rows, and consisted of 
3 replicates. Each replicate is 3 ranges and 7 rows. 
There are 3 stubble treatments; standing, burnt and 
cultivated. The wheat cultivar is Suntop. Sowing rate 
was 35 kg/ha, 40 kg/ha of MAP (4.4 kg N per ha) 
was also applied to all treatments to (try to) en-sure 
phosphorus was not limiting.
At each site 7 treatments were developed based on the 
cooperating farmers yield expectation for the trial site. 
4 treatments including a zero rate were developed for 
N application up front with the hope that a N response 
curve for the site could be developed. 3 treatments 
which represented 20 kg of N per tonne of expected 
yield/ha were developed. 1 all applied at sowing, 
another split 50/50 upfront and Z21 and another split 
3 ways upfront, Z21 and Z30.

2014 TRIAL SITES AND RESULTS
Reported financial returns from N application are 
based on the following assumptions; Urea $550/tonne, 
average of several daily cash prices for Condobolin 
November 2014 for AGP1 $245, ASW $248, APW 
$256, AUH2$265, H2 $276, APH2 $296. Naturally 
these prices will vary over time and location and the 
impact of changes would need to be considered in any 
decision making based on these findings.
At sites where no N response was observed no 
financial returns have been calculated. Effectively the 
cost of fertiliser at these sites made the nil rate the 
most profitable option and reduced all crop gross 
margins involving fertiliser by the cost of any fertiliser 
applied.

“EFFECTIVELY THE COST OF 
FERTILISER AT THESE SITES 
MADE THE NIL RATE THE 
MOST PROFITABLE OPTION 
AND REDUCED ALL CROP 
GROSS MARGINS INVOLVING 
FERTILISER BY THE COST OF 
ANY FERTILISER APPLIED”.
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TRIAL SITE Alectown

CO-OPERATOR Ian Westcott

PADDOCK HISTORY Full stubble retention system with sheep grazing fallows. Management target 
is to maintain ground cover at all times. 2011 oats for grazing and grain, 2012 
fallow, 2013 Wedgetail wheat for grazing and grain.

SOIL TYPE Sandy loam

STUBBLE TREATMENTS 
IMPOSED

9 April 2014

SOWING DATE 20 May 2014 Seeding rate 35 kg/ha, 63 kg/ha MAP fertiliser into moist 
seedbed.

HARVEST DATE 24 November 2013

SPECIAL NOTES Cultivation treatment imposed with offset discs. Stubble conditions at 9 April 
was 100% cover generally about 300mm high with an average load of 4.5 t/
ha, ranging from 3.3 to 6.2 t/ha. The amount of standing stubble varied from 
15 to 31% of total load. Available N to 120cm across the repli-cates varied 
from 168 to 193 kg/ha. 0-10 cm Cowell P values varied from 33 to 53 across 
the replicates with the 10-30cm varying from 9 to 16. PredictaB tests rated 1 
replicate at high risk of crown rot infection with others below detectable levels.

Nitrogen at sowing (kgN/ha) Yield (t/ha) Protein (%) Screenings (%) Test weight
0 2.84 12.1 5.8 81.9

30 2.83 12.1 5.4 82.1

60 2.80 13.1 6.7 80.9

100 2.81 13.7 8.1 80.0

120 2.59 13.5 7.6 80.6

Lsd (0.5%) 0.35 0.4 1.2 0.8

RESULTS - FERTILISER AT SOWING
No response to stubble treatment or interaction with 
fertiliser rate
• No yield response to nitrogen fertiliser at sowing 

but protein and screenings were increased and 
test weight reduced at 60 units and above.

• The high protein at nil fertiliser (12.1%) would 
suggest the crop was not nitrogen limited.

• No response to stubble treatment or interaction 
with fertiliser rate

• No yield or screenings response to timing of 
nitrogen fertiliser

• Grain protein was higher and test weight was lower 
with upfront nitrogen application

DELAYED N APPLICATION
• No response to stubble treatment or interaction 

with fertiliser rate
• No yield or screenings response to timing of 

nitrogen fertiliser

• Grain protein was higher and test weight was lower 
with upfront nitrogen application
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Sowing (kgN/ha) Z 
(kgN/ha)

Z 
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test  
weight

100 0 0 2.81 13.7 8.1 80

50 50 0 3.09 13.1 6.8 81.1

33 33 330 2.85 13.2 7.1 80.6

Lsd (0.5%) n.s. 0.4 n.s. 0.8

DISCUSSION
Overall this site performed well below farmer expetation 
at sowing of 5t/ha. Soil moisture at sowing was good, 
soil N levels were high and incrop rainfall of 167mm 
would have provided in season confi-dence to “push” 
the crop. The hot dry finish experienced at the site was 
disappointing but started after Z30 so the commercial 
decision to top dress would have already been made.

The cause of the low yield and high screenings cannot 
be fully determined from data collected. It is reasonable 
to suggest either disease or frost. Nearby commercial 
crops where apparently affected by frost. Although the 
number of “whiteheads” observed in the trial was not 
unusual. Analysis of post-harvest stubble samples may 
assist in understanding if disease was a major factor, 
this analysis will be reported in a separate trial report 
once completed.

TRIAL SITE Gunning Gap

CO-OPERATOR Pat O’Connell

PADDOCK HISTORY 011 wheat, 2012 Monola, 2013 wheat yielded 4.1 t/ha with the stubble baled 
and re-moved.

SOIL TYPE Clay loam

STUBBLE TREATMENTS 
IMPOSED

9 April 2014, Burning treatments were difficult to impose due to lack of 
ground cover due to baling. In a commercial situation the paddock would not 
have been able to carry a fire at this time.

SOWING DATE 14 May 2014 Seeding rate 35 kg/ha, 63 kg/ha MAP fertiliser into moist 
seedbed.

HARVEST DATE 20 November 2014

SPECIAL NOTES Cultivation treatment imposed with off set discs. Stubble conditions at 9 April 
was 100mm high standing stubble in the 2013 crop rows, ground between 
the rows was generally bare. Available N to 120cm across the replicates 
varied from 33 to 53 kg/ha. 0-10 cm Cowell P values varied from 31 to 44 
across the replicates with the 10-30cm varying from 6 to 8. PredictaB tests 
for crown rot rated the 3 replicates differently 1 replicate at high risk, 1 at low 
risk and 1 below detectable levels.
Trial management for this site was a co-operation between CWFS and Matt 
McRae, Ag n Vet, Forbes.

21 30

RESULTS - FERTILISER AT SOWING
• No response to stubble treatment except that 

screenings were a little higher on the cultivated 
plots

• No interaction between stubble treatments and 
nitrogen fertiliser rate Yield response to nitrogen 
fertiliser up to 70 units

• Protein increased with every additional rate of 
nitrogen

• Screenings low and unaffected, and very small 
test weight responses Apparent fertiliser recovery 
in the grain averaged 41%

• The additional return (grain value less fertiliser cost, 
but not including spreading and grain cartage) was 
as high as $200 for the 70 kgN/ha rate, a return on 
investment of about 2.5:1.
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TIME OF N APPLICATION
• No response to stubble treatment or interaction 

with fertiliser rate
• Up front gave significantly higher (P=0.8) yield and 

protein than split applications. Nitrogen recovery 
in the grain was about 10% higher with N applied 
at sowing. Screenings and test weight were 
unaffected.

DISCUSSION
This site performed very close to the initial farmer 
expectation of 3.5 t/ha. The benchmark of 20 kg of 
N per tonne of grain appears correct at this site this 
season in a very low starting soil N environment. With 
the hindsight of the season and harvest data it is 
observed that the highest risk option of all N up front 
would have produced the highest yield and protein 
combination.

Nitrogen at sowing  
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test weight Additional 
grain less 

fertiliser ($)

Fertiliser 
recovery in 

grain ($)
0 2.72 8.7 2.9 82 - -

20 3.07 9.2 2.7 82.4 63 41

40 3.42 9.7 2.5 82.5 125 42

70 3.78 10.8 2.8 82.4 208 43

90 3.77 11.4 3.0 82.1 183 38

Lsd (0.5%) 0.20 0.2 n.s. 0.3

Lsd (0.5%) 0.35 0.4 1.2 0.8

Sowing (kgN/ha) Z 
(kgN/ha)

Z 
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test  
weight

70 0 0 3.78 10.8 2.8 82.4

35 35 0 3.59 10.3 2.7 82.4

23 23 23 3.59 10.1 2.8 82.6

Lsd (0.5%) 0.19 0.3 n.s. n.s.

21 30
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RESULTS - FERTILISER AT SOWING
• No yield or grain quality responses to nitrogen.
• Screenings were high, reflecting the dry season 

• Even with no additional N, grain protein was 13.6% 
suggesting that soil N supply was at luxury levels 
for the rainfall received

TRIAL SITE Lake Cargelligo

CO-OPERATOR The Davis family

PADDOCK HISTORY No till no sheep for last ten years. 2011 wheat; 2012 canola; 2013 wheat. The 
longer term rotation is generally wheat.

SOIL TYPE Red sandy loam

STUBBLE TREATMENTS 
IMPOSED

14 March 2014. Burning treatments were difficult to impose due to lack of 
ground cover. In a commercial situation the paddock would not have been 
able to carry a fire at this time.

SOWING DATE 21 May 2014 Seeding rate 35 kg/ha, 63 kg/ha MAP fertiliser into moist 
seedbed with good soil moisture. 

HARVEST DATE 12 November 2014

SPECIAL NOTES Cultivation treatment imposed with offset discs. Stubble conditions at 9 
April was 200mm high standing stubble in the 2013 crop rows, ground 
between the rows was generally bare. There was no evidence of older crop 
residue from the canola or prior wheat crops. Available N to 120cm across 
the replcates varied from 88 to 192 kg/ha. 0-10 cm Cowell P values varied 
from 25 to 50 across the rep-licates with the 10-30cm varying from 6 to 10. 
PredictaB tests for crown rot rated the 3 replicates all at no detectable risk.

Nitrogen at sowing  
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test weight

0 1.47 13.6 7.4 79.8

30 1.7 13.4 7.3 80

50 1.63 13.2 6.5 80.6

60 1.59 13.2 6.6 80.4

90 1.72 13.5 6.4 80.4

Lsd (0.5%) n.s. n.s. n.s. n.s.

DELAYED N APPLICATION
• No yield or quality responses to nitrogen timing, 

reflecting the high N supply of the site given the 
low in crop rainfall.
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DISCUSSION 
Soil tests at this site suggested that there was little 
no opportunity for N response at the farmers yield 
expectation of 2.5t/ha. Again similar to other sites 
reasonable variation existed between soil N levels 
measured in different replicates. Whilst incrop rainfall 
was good during crop establishment no significant 
rain fell after August resulting in crop stress for 
most of the time. The high screenings at harvest 
are more than likely due to water stress since 
PredictaB testing rated the site at below detectable 
risk. Analysis of post harvest stubble samples will 

hopefully quantify any impact of crown rot and will 
be reported separately. Again pre sowing the farmer 
was able to predict optimum target yield in terms of 
highest economic response to additional fertilizer. 
With the hindsight of the season and harvest data it is 
observed that the only advantage of split applications 
was risk management rather than any yield or protein 
improvement. In a commercial situation it is likely that 
the final application in the N split 3 ways approach 
would not have been applied resulting about a $24/
ha saving in cost of production.

Sowing (kgN/ha) Z 
(kgN/ha)

Z 
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test  
weight

17 17 17 1.53 13.2 6.5 83.6

25 25 0 1.79 13.1 6.6 84.0

50 0 0 1.63 13.2 6.5 83.5

Lsd (0.5%) n.s. n.s. n.s. n.s.

21 30

TRIAL SITE Nyngan

CO-OPERATOR David Carter

PADDOCK HISTORY 20 year no till continuous cropping paddock, with rotation dependant on soil 
moisture at sowing and market outlook. Legumes have not been part of the 
crop mix. Cattle are sometimes grazed over summer if feed is required but 
stocking rate is too low to be considered significant. 2010 barley, 2011 cano-
la, 2012 wheat, 2013 long fallow.

SOIL TYPE Clay loam

STUBBLE TREATMENTS 
IMPOSED

2 April 2014

SOWING DATE 7 May 2014 Seeding rate 35 kg/ha, 63 kg/ha MAP fertiliser into moist seed-
bed with good subsoil moisture.

HARVEST DATE 3 November 2014

SPECIAL NOTES Cultivation treatment imposed with offset discs. Uneven stubble conditions 
across the pad-dock existed on 9 April. Generally it ranged in height from 200 
to 300mm high with an average load of 3.5 t/ha, ranging from 1.6 to 6.0 t/ha, 
ground cover varied from 0 to 100%. It is reasonable to suggest that this vari-
ation was due to the way water had drained and settled on the surface during 
the fallow. The amount of standing stubble averaged 14% of the total load 
but varied from 4 to 22%. Available N to 120cm across the replicates varied 
from 168 to 193 kg/ha. 0-10 cm Cowell P values varied from 33 to 53 across 
the replicates with the 10-30cm varying from 9 to 16. PredictaB tests rated 1 
replicate at high risk of crown rot infection with others below detectable levels.
Trial management for this site was a co-operation between CWFS and Greg 
Brooke NSW DPI.
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DELAYED N APPLICATION
• No response to stubble treatment or interaction 

with fertiliser rate

• Slightly higher yield with fertiliser split between 
sowing and Z21 than all upfront.

• No differences in grain quality

RESULTS - FERTILISER AT SOWING
• No response to stubble treatment or interaction 

with fertiliser rate
• Yield was increased by 20 units of N fertiliser at 

sowing, and at this rate apparent fertiliser recovery 
in the grain was very high (58%). The return on 
investment was better than 4:1.

• Additional N fertiliser gave small, often insignificant 
yield increases and higher grain proteins. This 

raised grain grades from APH to H2, and the 
additional return (grain value less fertiliser cost, but 
not including spreading and grain cartage) was as 
high as $200 for the 60 kgN/ha rate, a return on 
investment of about 2.3:1.

• Fertiliser recovery at these higher rates was about 
30%.

Nitrogen at sowing  
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test weight Additional 
grain less 

fertiliser ($)

Fertiliser 
recovery in 

grain ($)
0 4.23 10.6 2.5 83.7 - -

20 4.72 10.9 2.4 83.8 63 58

36 4.67 11.1 2.4 83.6 125 34

60 4.78 11.5 2.7 83.5 208 30

90 4.92 11.9 3.3 82.8 182 27

Lsd (0.5%) 0.29 0.4 0.4 0.4

Sowing (kgN/ha) Z 
(kgN/ha)

Z 
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test  
weight

36 0 0 4.67 11.1 2.4 83.6

18 18 0 5.04 11 2.5 84.0

12 12 12 4.95 11.1 2.6 83.5

Lsd (0.5%) 0.32 n.s. n.s. n.s.

21 30

DISCUSSION 
The season experienced at Nyngan was well 
above average with 200 mm of incrop rainfall. The 
majority of this rain fell in 2 steady, well timed rainfall 
events, 73 mm in June and 88 mm in August which 
resulted in crop performance being higher than initial 
farmer expectation by approximately 3 t/ha. With 
the hindsight of the season and harvest data it is 
observed that profitable N responses were achieved 
at all application rates despite the high soil N 
recorded presowing. In a more typical Nyngan season 
(the farmer’s expectation) the high rates earlier would 

have more than likely promot-ed lush early growth 
which would have “hayed off” in the early Spring 
resulting in poor yields.
The option of 50% upfront followed by 50 % at 
tillering produced the highest yield which may 
sug-gest some leaching of N from the top of the 
soil profile. The rainfall in August allowed the last 
ap-plication in the N split three way strategy to be 
used by the crop, this will not always be the case at 
Nyngan.
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TRIAL SITE Tullamore

CO-OPERATOR Neville Jones

PADDOCK HISTORY No till cropping for over 5 years. In 2011 controlled traffic and interow sowing 
were introduced. Rotation is generally wheat, barley then canola. 2013 crop 
was 3.2 t/ha wheat crop.

SOIL TYPE Clay loam

STUBBLE TREATMENTS 
IMPOSED

3 April 2014

SOWING DATE 2 May 2014 Seeding rate 35 kg/ha, 63 kg/ha MAP fertiliser into moist hard 
seedbed.

HARVEST DATE 4 November 2014

SPECIAL NOTES Cultivation treatment imposed with off-set discs. Stubble conditions at 3 April 
was 100% cover generally about 400mm high with an average load of 3.7 t/
ha, ranging from 2.9 to 4.8 t/ha. The amount of standing stubble varied from 
18 to 60% of total load with and average load of 40%. Avail-able N to 120cm 
across the replicates varied from 102 to 201 kg/ha. 0-10cm Cowell P values 
varied from 29 to 44 across the replicates with the 10- 30cm varying from 11 
to 14. PredictaB tests rated 1 replicate at high risk of crown rot infection with 
others below detectable levels.
Trial management for this site and a nearby canola trial was a co-operation 
between CWFS and Grains Orana Alliance.

RESULTS - FERTILISER AT SOWING
• There was some interaction between stubble 

treatment and nitrogen rate, with the burnt 
treatment being lower yielding at low fertiliser rates 
but not at higher rates

• Significant yield responses up to 60 units of 
nitrogen

• Protein was low (8.4%) at nil fertiliser, suggesting 
the site was N deficient

• Fertiliser recovery in the grain was good (37-50%) 
at all but the highest rate and gave economic 
responses.

• The additional return (grain value less fertiliser cost, 
but not including spreading and grain cartage) was 
as high as $232 for the 60 kgN/ha rate, a return on 
investment of about 3.2. The return on in-vestment 
ratio was almost 5 for 20 units and about 3 for 40 
units of N.

DELAYED N APPLICATION
• A significant (P=0.06) response to stubble 

treatment, with lower yield for the burnt than the 
cultivated or standing stubble treatments.

• No significant response to timing of N application 
on grain yield or quality.

Nitrogen at sowing  
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test weight Additional 
grain less 

fertiliser ($)

Fertiliser 
recovery in 

grain ($)
0 2.38 8.4 2.9 83.8 - -

20 2.96 8.7 2.6 83.9 118 50

40 3.15 9 2.7 84.4 143 37

60 3.61 9.4 2.8 84.4 232 41

90 3.34 10.6 4 84 155 30

Lsd (0.5%) 0.31 0.5 0.6 0.3
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Sowing (kgN/ha) Z 
(kgN/ha)

Z 
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test  
weight

60 0 0 3.61 9.4 2.8 84.4

30 30 0 3.31 9.3 2.7 84.2

20 20 20 3.32 9.6 3.1 84.5

Lsd (0.5%) 0.32 n.s. n.s. n.s.

21 30

DISCUSSION 
At this site measured soil N should have been 
sufficient to achieve the farmers’ initial expectation 
of 3 t/ha yield despite the variation between the 
replicates ranging from 102 to 201 kg/ha. Expected 
yield was achieved with 20 kg/ha of fertilizer N which 
most likely assisted the crop at establishment and 
this initial head start was maintained until harvest. 
Visually the plots with fertilizer at sowing always 
appeared better. Applying fertilizer at the benchmark 

of 20 kg N/ha/tonne of expected yield did produce 
the highest economic return. With the hindsight of the 
season and harvest data it is observed that the only 
advantage of split applications was risk management 
rather than any yield or protein improvement. Further 
work is needed at this site to understand what is 
limiting protein accumulation as soil tests predict 
commercially acceptable levels of N to achieve higher 
wheat grades at harvest.

TRIAL SITE Ungarie

CO-OPERATOR Graeme Mason

PADDOCK HISTORY No till, no stock, continuous cropping paddock since 1998 it target rotation of 
wheat/canola/wheat/lupins. 2012 canola, 2013 wheat.

SOIL TYPE Sandy loam

STUBBLE TREATMENTS 
IMPOSED

13 March 2014

SOWING DATE 14 May 2014 Seeding rate 35 kg/ha, 65 kg/ha MAP fertiliser into moist 
seedbed with good subsoil moisture.

HARVEST DATE 27 November 2014

SPECIAL NOTES Cultivation treatment imposed with off set discs. Stubble conditions at 13 
March was a thick 100% cover between 400 and 500mm high with an 
average load of 7.3 t/ha, ranging from 5.6 to 8.9 t/ha. The amount of standing 
stubble varied from 29 to 48% of total load with and average load of 36%. 
Avail-able N to 120cm across the replicates varied from 59 to 81 kg/ha. 0-10 
cm Cowell P values varied from 36 to 55 across the replicates with the 10-
30cm varying from 11 to 13. PredictaB tests for crown rot rated 1 replicate at 
high risk of crown rot infection and 2 at low risk.

RESULTS - FERTILISER AT SOWING
• No response to stubble treatment or interaction 

with fertiliser rate There was a small yield response 
to 50 units of nitrogen

• Protein increased up to 50 units of nitrogen but 
screenings were high at all N rates, putting the 
grain in to AGP1 and AUH2 grades, reducing the 
economic returns from nitrogen

• Overall, there was a low return on investment to 
nitrogen application Fertiliser recovery in the grain 
was low, a common finding once grain protein 
levels exceed 11.5%
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DISCUSSION 
Soil tests at this site suggested that there was good 
opportunity for N response. Whilst incrop rainfall 
was good during crop establishment the conditions 
from early August through to harvest resulted in crop 
stress for most of the time. A rainfall event during 
September more than likely saved the crop. The high 
screenings at harvest are more than likely due to these 
conditions although frost and crown rot may have also 
contributed. Results at this site are similar to nearby 
Lake Cargelligo which experienced similar weather 
during the season. Analysis of postharvest stubble 
samples will hopefully quantify the impact of crown rot 
which will be reported separately. Again pre sowing 
the farmer was able to predict optimum target yield 
in terms of highest economic response to additional 
fertilizer. With the hindsight of the season and harvest 
data it is observed that the only advantage of split 
applications was risk management rather than any 
yield or protein improvement.
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Nitrogen at sowing  
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test weight Additional 
grain less 

fertiliser ($)

Fertiliser 
recovery in 

grain ($)
0 2.03 11.4 6.4 81.3 - -

30 2.07 12.2 6.6 81.1 16 12

50 2.28 13.1 6.8 80.8 47 24

60 2.06 13.2 7.2 80.7 -23 12

90 1.97 13.4 6.9 80.4 -82 6

Lsd (0.5%) 0.15 0.6 n.s. 0.4

DELAYED N APPLICATION
• No yield response to stubble treatment but protein 

and screenings were both higher with standing 
stubble than where burnt. There was no interaction 
with nitrogen fertiliser timing

• No significant effects of timing on yield or grain 
quality

Sowing (kgN/ha) Z 
(kgN/ha)

Z 
(kgN/ha)

Yield  
(t/ha)

Protein  
(%)

Screenings  
(%)

Test  
weight

50 0 0 2.28 13.1 6.8 80.8

25 25 0 2.04 12.8 6.7 80.8

16 16 16 2.2 12.9 7.3 80.6

Lsd (0.5%) n.s. n.s. n.s. n.s.

21 30
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SEASONAL EFFECTS OF 
STRATEGIC STUBBLE 
TREATMENTS ON WHEAT, 
BARLEY & OATS. 
YR 1 OF A 5 YR INVESTIGATION.
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SEASONAL EFFECTS OF STRATEGIC 
STUBBLE TREATMENTS ON  
WHEAT, BARLEY & OATS.

YR 1 OF A 5 YR INVESTIGATION.

John Small & Nick Hill - Central West Farming Systems

This trial report is an interim harvest report for 2014 only. This is a preliminary analysis – there has been no checking of 
data values, outliers etc. or of other measurements taken, so these should be treated with caution. During 2015 further 

reports will be released that include results relating to grain quality and crown rot.

GRDC project CWF00018 - Maintaining profitable farming systems with retained stubble in Central West, NSW

KEY POINTS
• Stubble treatments involving late burning or 

cultivation resulted in significantly different yields in 
wheat, barley and oats at 4 of 6 trials conducted at 
Rankins Springs, Weethalle, Wirrinya, Tottenham, 
Tullamore and Euabalong during 2013. The yield 
effects were not consistent and these initial trials 
could not be used to predict response.

• Crop establishment was not affected by stubble or 
tillage treatment at five of the six sites. At Ran-kins 
Springs, however, establishment was 15% higher 
in the burnt stubble than in the standing stubble 
treatment.

• Visual differences in early growth could be 
observed between stubble treatments. Biomass in 
mid-August was lower with standing stubble than 
after burning at three sites (Weethalle, Tottenham 
and Tullamore) but not at Wirrinya and Euabalong.

• · Variety rankings were not significantly affected 

by stubble treatments. The best option in terms 
of yield was to simply grow the variety with the 
highest yield potential for the sowing window.

BACKGROUND
Stubble retention during fallows within cropping 
systems in CWFS districts is a common practice. The 
2013 CWFS farmer survey (representing 47 producers 
managing 207000 ha) highlighted that 70 % of pro-
ducers regularly maintained stubble cover over summer 
whilst 20% regularly maintained fallows by cul-tivation 
alone. No simple relationship between farm size and 
stubble management practice could be de-termined. 
Anecdotally, the reliance on herbicide for weed control 
in stubble retained systems, and the in-creasing 
threat to system profitability posed by herbicide 
resistant and hard to kill summer weeds, have seen 
the adoption of more integrated weed management 
programs including a reversion to stubble burn-ing and 
cultivation. CWFS members are asking about short 
and longer term impacts of using chemical fallows, 
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cultivation and burning in more seasonally specific 
dynamic combinations to resolve agronomic problems 
such as weeds, pests, disease or crop nutrition issues 
with the aim of increasing profitability.

TRIAL DESIGN
During 2013 CWFS conducted a trial at 6 locations 
Tottenham, Euabalong, Weethalle, Rankins Springs, 
Wirrinya, and Tullamore to investigate;
• The impact of different stubble treatments imposed 

towards the end of the fallow have on the yield of 
wheat, barley and oats

• Evaluate any varietal responses within crop species 
to the impact of the different stubble treatments.

The trial was 9 ranges and 18 rows, and consisted 
of 3 replicates. Each replicate was 3 ranges and 18 
rows. The trial was a split plot with varieties nested 
in (stubble x crop) nested in replicates. There were 3 
stubble treatments; standing, burnt and cultivated. 
There were 3 crop species; wheat, barley and oats. For 
each of the three crop species there were 6 varieties 
tested listed in Table 1, trial layout is shown in Figure 1.

Figure 1: 2013 trial plan. Numbers refer to variety in table 1.

Table 1: Varieties of wheat, barley and oats included in 2013 trial. 
Number identifies variety position on trial plan (Figure 1).

Wheat Barley Oats
1. Gregory 1. Hindmarsh 1. Yallara
2. Suntop 2. Bass 2. Nile
3. Livingston 3. Buloke 3. Yarran
4. Emu Rock 4. Commander 4. Coolibah
5. Spitfire 5. Schooner 5. Yiddah
6. Dart 6. Skipper 6. Mitika
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TRIAL SITE Tottenham

CO-OPERATOR Paul Adam

PADDOCK HISTORY Full stubble retention 2003-2005 wheat, 2006 Barley, 2007-2010 wheat, 2011 
lupins, 2012 wheat

SOIL TYPE Red sandy loam

STUBBLE TREATMENTS 
IMPOSED

4 April 2013

SOWING DATE 28 May 2013 Seeding rate 40 kg/ha, 63 kg/ha MAP fertiliser into moist seedbed

HARVEST DATE 13 November 2013

SPECIAL NOTES Cultivation treatment imposed with off set discs
Nile oats was heavily grazed by kangaroos as it was the last remaining green 
pick in the trial and surrounding paddock. Likely effect on final yield
Mitika oats was generally flattened by kangaroos resting following grazing of 
nile oats. The short stems of Mitika surrounded by the higher growing varieties 
provide comfortable secluded resting space. Likely effect on final yield.

TRIAL SITE Euabalong

CO-OPERATOR Kemp family, “Derrida”

PADDOCK HISTORY 2011, 2012 wheat fallow heavily grazed with cross bred lambs between crops 
due to dry summers

SOIL TYPE Light red sandy loam

STUBBLE TREATMENTS 
IMPOSED

25 March 2013, Burning treatments could not be imposed due to lack of 
ground cover

SOWING DATE 15 May 2013 Seeding rate 40 kg/ha, 63 kg/ha MAP fertiliser into moist seedbed 
following first sowing rain for the season on 12 13 May

HARVEST DATE 7 November 2013

SPECIAL NOTES Cultivation treatment imposed with off set discs
There was no burnt treatment at this site. No soil tests were conducted but it is 
suspected that the site was very low in Nitrogen.
Suspected trifluian damage to wheat and barley following heavy rain post 
sowing but pre-crop emegence.
60kg/ha urea topdressed 22 July 2013-12-04
Oats were mown out and removed early October to simulate cutting for hay 
due to severe black oats in-festation.
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TRIAL SITE Weethalle

CO-OPERATOR The Luelf family, “Malonga Park”

PADDOCK HISTORY 2007- wheat; 2008 - barley; 2009 - barley; 2010 - barley; 2011 - canola; 2012 
- wheat

SOIL TYPE Red sandy loam

STUBBLE TREATMENTS 
IMPOSED

5 April 2013

SOWING DATE 27 May 2013 Seeding rate 40 kg/ha, 63 kg/ha MAP fertiliser into moist seedbed 
with good soil moisture

HARVEST DATE 18 November 2013

SPECIAL NOTES Cultivation treatment imposed with off set discs

TRIAL SITE Tullamore

CO-OPERATOR Paul Bell, “Gwandalan”

PADDOCK HISTORY No till cropping and grazing paddock which had been heavily grazed over the 
summer. Hard to kill sum-mer grass were established in the paddock. 2012 the 
paddock was sown with wheat

SOIL TYPE Clay loam

STUBBLE TREATMENTS 
IMPOSED

8 April 2013

SOWING DATE 21 May 2013 Seeding rate 40 kg/ha, kg/ha MAP fertiliser into moist hard 
seedbed with marginal subsoil moisture

HARVEST DATE 4 November 2013

SPECIAL NOTES Cultivation treatment imposed with off-set discs
Trial management for this site and a nearby canola trial was a co-operation 
between CWFS and Grains Orana Alliance.

TRIAL SITE Rankins Springs

CO-OPERATOR Michael Pfitzner, “Hill End”. CWFS contracted Agrow Agronomy and Research 
to sow, manage and har-vest this trial

PADDOCK HISTORY 20 year no till continuous cropping paddock with a general rotation of wheat/
Barley/legume. 2012 the paddock was sown with wheat

SOIL TYPE Mallee sand

STUBBLE TREATMENTS 
IMPOSED

31 March 2013

SOWING DATE 3 May 2013 Seeding rate 40 kg/ha, 63 kg/ha MAP fertiliser into moist seedbed 
with good subsoil mois-ture

HARVEST DATE 15 November 2013

SPECIAL NOTES The cultivated treatment was burnt and then cultivated with tynes
Axial herbicide damage to some oats plots
70kg/ha urea topdressed 22 June 2013
Suspected frost damage and yield loss to emu rock and dart wheat varieties
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TRIAL SITE Wirrinya

CO-OPERATOR Angus & Kim Maslin, “Bergen Park”

PADDOCK HISTORY No till continuous cropping irrigation paddock with a general rotation of wheat/
barley or wheat/canola. 2012 the paddock was sown with canola.

SOIL TYPE Heavy black flood plain soil

STUBBLE TREATMENTS 
IMPOSED

5 April 2013

SOWING DATE 26 May 2013 Seeding rate 90 kg/ha, 105 kg/ha MAP fertiliser into moist 
seedbed with good subsoil mois-ture. Trial was established with the intention of 
irrigating if required. Due to rainfall no irrigation was un-dertaken. It is believed 
the crop would have responded to irrigation during grain filling.

HARVEST DATE 14 November 2013

SPECIAL NOTES Cultivation treatment imposed with off set discs

RESULTS
Tottenham
There was no effect of stubble treatment on crop yield 
at this site. The quickest wheat varieties, Dart and 
Spitfire, performed well. The rankings were generally 

similar to the NVT trial at Condobolin except for 
Suntop. The two sites were sown within 3 days of each 
other but Tottenham experienced a much drier finish. 
Hindmarsh was the standout barley, again reflecting 
the short spring and tight finish. Mitika and Nile oats 
suffered from kangaroo damage at this site.

Euabalong
There was also no effect of stubble treatment on crop 
yield at this site. Gregory and Spitfire were the highest 
yielding wheat varieties, despite differing in flowering 

time. Both varieties performed better than rankings in 
the Condobolin NVT in 2013. Some of this may be due 
to the site being sown 14 days earlier than Condobolin. 
Bass was the best of the barleys, perhaps also aided 
by the earlier sowing.
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Weethalle
The cultivated treatment was lower yielding than the burnt or standing stubble at this site, although the difference 
was small. The quickest varieties (Dart and Spitfire wheat, Hindmarsh barley) performed well and the rankings 
were generally in line with NVT results.

Wirrinya
The burnt treatment was the highest yielding at Wirrinya followed by standing stubble and cultivation, although 
the differences were relatively small (0.1 t/ha). Crop maturity wasn’t related to yield at this site with both quick 
and slower wheat (Dart, Gregory) and barley (Hindmarsh, Bass) performing well. The Dart and Bass performance 
was better than in long term NVT results although not too different to other sites in 2013.
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Tullamore
Standing stubble was significantly lower yielding than the other two treatments at Tullamore. It also had lower 
biomass in August despite equivalent plant numbers established. This treatment appeared to have higher 
numbers of windmill grass plants which may have competed for water and nitrogen. At this site also crop 
maturity wasn’t related to yield with both quick and slower wheat varieties (Dart, Gregory) performing well. In fact, 
there was little difference among varieties, with only Livingston being signifi-cantly lower yielding. Of the barleys, 
Commander, Bass and Hindmarsh performed well. Schooner was poor at this and most other sites.

Rankins Springs
Stubble treatments were significantly different here, with the cultivated treatment (slashed and then worked with 
a tyned implement) yielding 0.2 t/ha more than the other treatments. Wheat yields were generally similar across 
varieties except for Dart and Emu Rock which appeared to suffer frost damage, perhaps a result of the early 
sowing date (3 May). Rankings were generally similar to the Merriwagga NVT trial which was sown on 14 May, 
except for Emu Rock. In the barleys, Bass and Commander performed well, helped perhaps by the early May 
sowing, with yields similar to Hindmarsh. Schooner yielding poorly.
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DISCUSSION
There is no evidence from the 2013 trials that species 
or variety yield ranking changed with stubble or tilage 
treatment. Seasonal issues this year did not bring 
short term agronomic benefits or risks associated 
with stubble conservation, burning or cultivation into 
play. For example, the autumn break was late and all 
trial sites were sown with good seed bed moisture. 
Thefore, the potential benefit of retained stubble 
providing a more favourable seedbed for early sowing 
was not observed. Similarly the dry spring condi-tions 
did not promote foliar disease pressures that may 
have resuled in widely accepted short term disease 
advantages for the burnt treatments. For this season 
the best option in terms of yield was to simply grow the 
variety with the highest yield potential for the sowing 
window.
Overall site performance appears to be inline with 
nearby National Variety Trials. It is worth noting 
differences at each site so as not to unintentionally 
bias varietal performance. It is critical to remember that 
this report only represents data from the 2013 season 
and growers should rely on a range of data sources 
and experience in assessing varieties for their farming 
system.
Visual differences could be observed in the same 
varieties across stubble treatments during the trial. 
Generally the burnt treatments appealed to the eye 
as being even in colour and ahead in terms of ground 
cover whilst the cultivated treatment being ahead in 
terms of height. As all trials progressed the observed 
differences became less as the plots matured and 
resulted in no significant effects on yield at harvest. 
Photographs of Gregory wheat at Tullamore late 
August highlight these observations.
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provided by the co-operating farmers, without their 
in-kind support the trials would never happened. The 
support provided by AgGrow Agronomy and Research 
at Rankins Springs site was well beyond any simple 
contractual arrangement between themselves and 
CWFS. Matt McRae, Walkers Ag N Vet, Forbes and 
Scott Boyd, GOA, Dubbo is also acknowledged. 
The author also thanks Neil Fettell for his support in 
compiling this report.
For further information please contact John Small at 
CWFS on 02 6895 1009 or 0488 951 001

Photograph 1; Tullamore, Gregory wheat, burnt treatment, 
22/8/2013

Photograph 2; Tullamore, Gregory wheat, cultivated treatment, 
22/8/201

Photograph 3; Tullamore, Gregory wheat, standing stubble treat-
ment, 22/8/2013
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SEASONAL EFFECTS OF 
STRATEGIC STUBBLE 
TREATMENTS ON  
WHEAT & BARLEY. 
YR 2 OF A 5 YR INVESTIGATION.
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SEASONAL EFFECTS OF STRATEGIC 
STUBBLE TREATMENTS ON  

WHEAT & BARLEY.
YR 2 OF A 5 YR INVESTIGATION.

BACKGROUND
CWFS are conducting trials at its regional sites that
• Investigate the impact of different stubble 

treatments (burning, cultivation or standing stubble) 
imposed towards the end of the fallow have on the 
yield of wheat and barley.

• Evaluate any varietal responses within crop species 
to the impact of the different stubble treatments.

During 2013 CWFS conducted trials at 6 locations 
Tottenham, Euabalong, Weethalle, Rankins 
Springs,Wirrinya, and Tullamore which have been 

reported previously. Small statistically significant 
differences in yield due to stubble treatments were 
observed at 4 of the 6 sites. Ongoing trials during the 
CWFS
“Rain n Grain n Stubble” project will hopefully allow 
responses to be predicted pre-sowing rather than just 
measured at harvest. During 2014 these sites were 
monitored for any second year effects of the stubble 
treatments imposed in 2013 on the 2014 farmer 
established commercial crop.
During 2014 CWFS again conducted similar trials to the 
2013 trials at 6 locations Nyngan, Alectown, Gunning 

John Small & Nick Hill - Central West Farming Systems

Stubble treatments involving late burning or cultivation resulted in significantly different yields in wheat 
and barley in 4 of 6 trials conducted at Nyngan, Ungarie, Tullamore, Gunning Gap, Alectown and Lake 
Cargelligo during 2014. The yield effects were not consistent and these trials could not be used to predict 
response pre-sowing. The effects of stubble treatments observed during 2014 were similar to the effects 
observed during similar trials in 2013. Variety rankings were not significantly affected by stubble treatments.
The best option in terms of yield was to simply grow the variety with the highest yield potential for the sowing 
window.

This trial report is an interim harvest report for 2014 only. This is a preliminary analysis – there has been no checking of 
data values, outliers etc. or of other measurements taken, so these should be treated with caution. During 2015 further 

reports will be released that include results relating to grain quality and crown rot.

GRDC project CWF00018 - Maintaining profitable farming systems with retained stubble in Central West, NSW
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Gap, Lake Cargelligo, Ungarie and Tullamore. In 2014 
trials changes to the 2013 designs were incorporated 
to reflect farmer questions. The oats component of 
the 2013 trial were replaced with a nitrogen trial that 
investigated the impact of different stubble treatments 
imposed towards the end of the fallow on nitrogen 
response in wheat. The nitrogen trial will be reported 
separately but should be considered a sister trial to 
this report. Collectively these 2 trials investigate the 
agronomic influences impacting production in stubble 
retained systems in the Central West.

AGRONOMIC ISSUES
Stubble retention during fallows within cropping 
systems in CWFS districts is a common practice. 
The 2013 CWFS farmer survey (representing 47 
producers managing 207000 ha) highlighted that 70 
% of producers regularly maintained stubble cover 
over summer whilst 20% regularly maintained fallows 
by cultivation alone. No simple relationship between 
farm size and stubble management practice could 
be determined. Anecdotally, the reliance on herbicide 
for weed control in stubble retained systems, and 
the increasing threat to system profitability posed by 
herbicide resistant and hard to kill summer weeds, 
have seen the adoption of more integrated weed 
management programs including a reversion to stubble 
burning and cultivation. CWFS members are asking 
about short and longer term impacts of using chemcal 

fallows, cultivation and burning in more seasonally 
specific dynamic combinations to resolve agronomic 
problems such as weeds, pests, disease or crop 
nutrition issues with the aim of increasing profitability.

TRIAL DESIGN
The trial was 9 ranges and 12 rows, and consisted 
of 3 replicates. Each replicate was 3 ranges. The trial 
was a split plot with varieties nested in (stubble x crop) 
nested in replicates. There were 3 stubble treatments; 
standing, burnt and cultivated. There were 2 crop 
species, wheat and barley. For each crop species 
there were 6 varieties tested. They were selected on 
the basis “farmer interest” and type (early, late, disease 
response etc).
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RESULTS
There was no yield response to stubble treatment in 
wheat although a response was observed in barley. 
There may have been some frost damage at the site. 
Analysis of biomass samples, NDVI and grain protein 
will assist in understanding this finding.

There was little difference between the performance of 
wheat varieties with Suntop, Gregory and Dart being 
among the highest yields. At this site Dart performed 
similar to Suntop perhaps due to the later sowing 
date, possible frost effects or the more gentle finish 
experienced at the site. There was no difference 
between the barley varieties.

TRIAL SITE Alectown

CO-OPERATOR Ian Westcott

PADDOCK HISTORY Full stubble retention system with sheep grazing fallows. Management target 
is to maintain ground cover at all times. 2011 oats for grazing and grain, 2012 
fallow, 2013 Wedgetail wheat for grazing and grain.

SOIL TYPE Sandy loam

STUBBLE TREATMENTS 
IMPOSED

9 April 2014

SOWING DATE 20 May 2014 Seeding rate 35 kg/ha, 63 kg/ha MAP fertiliser into moist seedbed.

HARVEST DATE 24 November 2013

SPECIAL NOTES Cultivation treatment imposed with off set discs. Stubble conditions at 9 April 
was 100% cover generally about 300mm high with an average load of 4.5 t/ha, 
ranging from 3.3 to 6.2 t/ha. The amount of standing stubble varied from 15 to 
31% of total load. Available N to 120cm across the replicates varied from 168 to 
193 kg/ha. 0-10 cm Cowell P values varied from 33 to 53 across the replicates 
with the 10-30cm varying from 9 to 16. PredictaB tests rated 1 replicate at high 
risk of crown rot infection with others below detectable levels.

Wheat Trial Stubble Yield (t/ha) Barley Trail Stubble Yield (t/ha)
Burnt 2.63 Burnt 3.04

Cultivated 2.85 Cultivated 3.58

Standing 2.49 Standing 3.37

Lsd n.s. Lsd 0.13

Wheat Yield (t/ha) Barley Yield (t/ha)
Suntop 2.93 Commander 3.56

Gregory 2.79 Skipper 3.49

Dart 2.74 Schooner 3.37

Livingston 2.57 Bass 3.26

Spitfire 2.55 Hindmarsh 3.15

Emu Rock 2.35 Buloke 3.15

Lsd 0.29 Lsd n.s.
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RESULTS
There was no response to stubble or tillage at Gunning 
Gap nor did the wheat varieties differ significantly for 
yield. In barley, Commander and Skipper out 5 yielded 

Schooner and Hindmarsh by 0.3 t/ha. There was no 
interaction between stubble treatment and variety 
performance for either wheat or barley, perhaps 
because of the low levels of foliar disease in 2014.

TRIAL SITE Gunning Gap

CO-OPERATOR Pat O’Connell

PADDOCK HISTORY 2011 wheat, 2012 Monola, 2013 wheat yielded 4.1 t/ha with the stubble baled 
and removed.

SOIL TYPE Clay loam

STUBBLE TREATMENTS 
IMPOSED

9 April 2014, Burning treatments were difficult to impose due to lack of ground 
cover due to baling. In a commercial situation the paddock would not have 
been able to carry a fire at this time.

SOWING DATE 14 May 2014 Seeding rate 35 kg/ha, 63 kg/ha MAP fertiliser into moist seedbed.

HARVEST DATE 20 November 2014

SPECIAL NOTES Cultivation treatment imposed with off set discs. Stubble conditions at 9 April 
was 100mm high standing stubble in the 2013 crop rows, ground between 
the rows was generally bare. Available N to 120cm across the replicates varied 
from 33 to 53 kg/ha. 0-10 cm Cowell P values varied from 31 to 44 across the 
replicates with the 10-30cm varying from 6 to 8. PredictaB tests for crown rot 
rated the 3 replicates differently 1 replicate at high risk, 1 at low risk and 1 below 
detectable levels.
Trial management for this site was a co-operation between CWFS and Matt 
McRae, Ag n Vet, Forbes.

Wheat Trial Stubble Yield (t/ha)
Burnt 2.66

Cultivated 2.76

Standing 2.58

Lsd n.s.

Wheat Yield (t/ha) Barley Yield (t/ha)
Suntop 2.83 Commander 3.18

Gregory 2.77 Skipper 3.16

Dart 2.70 Schooner 3.01

Livingston 2.66 Bass 2.98

Spitfire 2.59 Hindmarsh 2.87

Emu Rock 2.46 Buloke 2.82

Lsd n.s. Lsd 0.25
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TRIAL SITE Lake Cargelligo

CO-OPERATOR The Davis family

PADDOCK HISTORY No till no sheep for last ten years. 2011 wheat; 2012 canola; 2013 wheat. The 
longer term rotation is generally wheat.

SOIL TYPE Red sandy loam

STUBBLE TREATMENTS 
IMPOSED

14 March 2014. Burning treatments were difficult to impose due to lack of 
ground cover. In a commercial situation the paddock would not have been able 
to carry a fire at this time.

SOWING DATE  21 May 2014 Seeding rate 35 kg/ha, 63 kg/ha MAP fertiliser into moist seedbed 
with good soil moisture.

HARVEST DATE 12 November 2014

SPECIAL NOTES Cultivation treatment imposed with offset discs. Stubble conditions at 9 April 
was 200mm high standing stubble in the 2013 crop rows, ground between the 
rows was generally bare. There was no evidence of older crop residue from the 
canola or prior wheat crops. Available N to 120cm across the replicates varied 
from 88 to 192 kg/ha. 0-10 cm Cowell P values varied from 25 to 50 across the 
replicates with the 10-30cm varying from 6 to 10. PredictaB tests for crown rot 
rated the 3 replicates all at no detectable risk.

RESULTS
There was a large response to cultivation at Lake 
Cargelligo, the cultivated treatment (1.76 t/ha) out 
yielding the uncultivated treatments by 0.45 t/ha. 

Further analysis should shed some light on this result. 
There were no 6 significant differences among either 
the wheat or the barley varieties, partly because the 
yields were quite variable across the site.

Stubble Yield (t/ha)
Burnt 1.36

Cultivated 1.76

Standing 1.26

Lsd 0.34

Wheat Yield (t/ha) Barley Yield (t/ha)
Spitfire 1.54 Commander 1.82

Suntop 1.53 Buloke 1.79

Emu Rock 1.50 Schooner 1.73

Livingston 1.48 Hindmarsh 1.56

Gregory 1.39 Bass 1.56

Dart 1.32 Skipper 1.56

Lsd n.s. Lsd n.s.
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TRIAL SITE Nyngan

CO-OPERATOR David Carter

PADDOCK HISTORY 20 year no till continuous cropping paddock, with rotation dependant on soil 
moisture at sowing and market outlook. Legumes have not been part of the 
crop mix. Cattle are sometimes grazed over summer if feed is required but 
stocking rate is too low to be considered significant. 2010 barley, 2011 canola, 
2012 wheat, 2013 long fallow.

SOIL TYPE Clay loam

STUBBLE TREATMENTS 
IMPOSED

2 April 2014

SOWING DATE 7 May 2014 Seeding rate 35 kg/ha, 63 kg/ha MAP fertiliser into moist seedbed 
with good subsoil moisture.

HARVEST DATE 3 November 2014

SPECIAL NOTES Cultivation treatment imposed with offset discs. Uneven stubble conditions 
across the pad-dock existed on 9 April. Generally it ranged in height from 200 
to 300mm high with an average load of 3.5 t/ha, ranging from 1.6 to 6.0 t/ha, 
ground cover varied from 0 to 100%. It is reasonable to suggest that this vari-
ation was due to the way water had drained and settled on the surface during 
the fallow. The amount of standing stubble averaged 14% of the total load 
but varied from 4 to 22%. Available N to 120cm across the replicates varied 
from 168 to 193 kg/ha. 0-10 cm Cowell P values varied from 33 to 53 across 
the replicates with the 10-30cm varying from 9 to 16. PredictaB tests rated 1 
replicate at high risk of crown rot infection with others below detectable levels.
Trial management for this site was a co-operation between CWFS and Greg 
Brooke NSW DPI.

RESULTS
The cultivated treatment was higher yielding than 
the standing stubble at this site, but not significantly 
higher than the burnt treatment. Grain quality and 7 
other measurements might help explain this response. 
Gregory and Suntop, the two slower varieties, 

performed the best of the wheats, with no significant 
difference among the other varieties. Barley yields 
were excellent, averaging 4.38 t/ha, and the yield of all 
varieties was similar. There was no interaction between 
stubble treatment and variety performance for either 
wheat or barley, perhaps because of the low levels of 
foliar disease in 2014.

Stubble Yield (t/ha)
Burnt 3.36

Cultivated 3.59

Standing 3.10

Lsd 0.36
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TRIAL SITE Tullamore

CO-OPERATOR Neville Jones

PADDOCK HISTORY No till cropping for over 5 years. In 2011 controlled traffic and interow sowing 
were introduced. Rotation is generally wheat, barley then canola. 2013 crop 
was 3.2 t/ha wheat crop.

SOIL TYPE Clay loam

STUBBLE TREATMENTS 
IMPOSED

3 April 2014

SOWING DATE 2 May 2014 Seeding rate 35 kg/ha, 63 kg/ha MAP fertiliser into moist hard 
seedbed.

HARVEST DATE 4 November 2014

SPECIAL NOTES Cultivation treatment imposed with off-set discs. Stubble conditions at 3 April 
was 100% cover generally about 400mm high with an average load of 3.7 t/ha, 
ranging from 2.9 to 4.8 t/ha. The amount of standing stubble varied from 18 to 
60% of total load with and average load of 40%. Available N to 120cm across 
the replicates varied from 102 to 201 kg/ha. 0-10 cm Cowell P values varied 
from 29 to 44 across the replicates with the 10- 30cm varying from 11 to 14. 
PredictaB tests rated 1 replicate at high risk of crown rot infection with others 
below detectable levels.
Trial management for this site and a nearby canola trial was a co-operation 
between CWFS and Grains Orana Alliance.

RESULTS
There was a 0.35 t/ha response to cultivation at 
Tullamore (P=0.06), and based on the results from the 
adjacent nitrogen trial this may have come from 8 greater 
soil nitrogen availability. Analysis of biomass samples, 
NDVI and grain protein will assist in understanding this 
finding. There were few differences in

wheat grain yield among varieties except that Dart 
yielded significantly less than Suntop and Spitfire. 
In barley, variety yields were similar except that the 
out-dated Schooner was lower yielding than Bass, 
Commander and Skipper. There was no interaction 
between stubble treatment and variety performance 
for either wheat or barley, perhaps because of the low 
levels of foliar disease in 2014.

Wheat Yield (t/ha) Barley Yield (t/ha)
Gregory 3.72 Bass 4.29

Suntop 3.68 Buloke 4.37

Spitfire 3.32 Commander 4.56

Livingston 3.26 Hindmarsh 4.39

Emu Rock 3.07 Schooner 4.27

Dart 3.06 Skipper 4.41

Lsd 0.27 Lsd n.s.
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Stubble Yield (t/ha)
Burnt 2.03

Cultivated 2.40

Standing 2.08

Lsd 0.32

Wheat Yield (t/ha) Barley Yield (t/ha)
Suntop 2.36 Bass 2.44

Spitfire 2.22 Commander 2.41

Emu Rock 2.20 Skipper 2.34

Gregory 2.16 Hindmarsh 2.21

Livingston 2.12 Buloke 2.18

Dart 1.95 Schooner 1.95

Lsd 0.26 Lsd 0.31

TRIAL SITE Ungarie

CO-OPERATOR Graeme Mason

PADDOCK HISTORY No till, no stock, continuous cropping paddock since 1998 it target rotation of 
wheat/canola/wheat/lupins. 2012 canola, 2013 wheat.

SOIL TYPE Sandy loam

STUBBLE TREATMENTS 
IMPOSED

13 March 2014

SOWING DATE 14 May 2014 Seeding rate 35 kg/ha, 65 kg/ha MAP fertiliser into moist seedbed 
with good subsoil moisture.

HARVEST DATE 27 November 2014

SPECIAL NOTES Cultivation treatment imposed with off set discs. Stubble conditions at 13 
March was a thick 100% cover between 400 and 500mm high with an average 
load of 7.3 t/ha, ranging from 5.6 to 8.9 t/ha. The amount of standing stubble 
varied from 29 to 48% of total load with and average load of 36%. Available N 
to 120cm across the replicates varied from 59 to 81 kg/ha. 0-10 cm Cowell P 
values varied from 36 to 55 across the replicates with the 10-30cm varying from 
11 to 13. PredictaB tests for crown rot rated 1 replicate at high risk of crown rot 
infection and 2 at low risk.

RESULTS
The three stubble treatments gave similar yields at 
Ungarie, averaging 1.73 t/ha. Gregory and Suntop, 
the two slowest varieties, performed the best of the 
wheats, while Dart, the quickest variety was lower 
yielding. There may have 9 been some frost damage 

at the site. Hindmarsh, Skipper and Commander 
were the best of the barleys. There was no interaction 
between stubble treatment and variety performance 
for either wheat or barley, perhaps because of the low 
levels of foliar disease in 2014.
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2ND YEAR EFFECTS OF 2013 TRIALS
During 2013 CWFS conducted similar trials at 6 
locations Tottenham, Euabalong, Weethalle, Rankins 
Springs, Wirrinya, and Tullamore which have been 
reported previously. In 2014 the trial sites became 
part of the cooperating farmers commercial cropping 
program. During 2014 the 2013 wheat replicates 
at these sites were monitored for any second year 
effects by collecting biomass samples during the 
spring. Commercial crops established were lupins, 
field peas, self sown pasture, long fallow, canola and 
wheat. At most sites there was a visual difference in 
the crop performance across the stubble treatments. 
Statistically at all sites and all stubble treatments there 
was no significant difference between the biomass 
production achieved during the Spring 2014.

DISCUSSION
There is no evidence from the 2014 trials that variety 
yield ranking changed with stubble or tillage treatment 
for either wheat or barley. Overall 2014 produced 
similar results to 2013 findings. Again as in 2013 the 
seasonal conditions this year did not bring short term 
agronomic benefits or risks associated with stubble 
conservation, burning or cultivation into play. The 
autumn break was timely and all trial sites were sown 
with good seed bed moisture. Therefore, the potential 
benefit of retained stubble providing a more favourable 
seedbed for sowing was not observed. Similarly the 
dry spring conditions did not promote foliar disease 
pressures that may have resulted in advantages for 
burnt treatments. 10 For this season the best option in 
terms of yield was to simply grow the variety with the 
highest yield potential for the sowing window. Overall 

site performance appears to be inline with nearby 
National Variety.
Trials. It is critical to remember that this report only 
represents yield data from the 2014 season and 
growers should rely on a range of data sources and 
experience in assessing varieties for their farming 
system.
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Stubble Yield (t/ha)
Burnt 1.63

Cultivated 1.76

Standing 1.80

Lsd n.s.

Wheat Yield (t/ha) Barley Yield (t/ha)
Gregory 1.93 Hindmarsh 2.03

Suntop 1.93 Skipper 2.00

Spitfire 1.75 Commander 1.93

Livingston 1.67 Buloke 1.79

Emu Rock 1.60 Bass 1.73

Dart 1.51 Schooner 1.72

Lsd 0.16 Lsd 0.23



67

CHANGES IN SOIL 
CHEMICAL PROPERTIES 
UNDER CONTRASTING 
FARMING SYSTEMS  
FOR A LONG-TERM 
EXPERIMENT IN THE  
DRY CROPPING ZONE.
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MODELLING THE  
EFFECTS OF MIXED 
FARMING SYSTEMS  
ON SOIL CARBON  
& CROP.
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MODELLING THE EFFECTS OF  
MIXED FARMING SYSTEMS ON  

SOIL CARBON & CROP.

Muhuddin Rajin Anwar1,2, Warwick Badgery3,  
James Mwendwa4, Neville Herrmann5, Andrew D. Moore5

Simulation models are increasingly used for improvement of agricultural productivity through studying the 
interac-tions among biophysical processes in an agricultural farming system. In this study we used AusFarm 
(agricultural systems analysis model) to simulate crop and livestock performance including long-term soil 
organic carbon (SOC) dynamics under different management options such as conventional and reduced 
tillage, non-tillage with continuous cropping and perennial pasture in a grazing system. The AusFarm model 
was able to explain 70% of the observed variability in wheat grain yield with a RMSD of 554 kg/ha and showed 
good agreement between observed and simu-lated livestock performance. Simulated crop yield and gross 
margins were higher in conventional and reduced tillage with 2-years annual pastures-cropping rotations 
than continuous cropping. In the long-term field experiment, the observed SOC increased initially, and were 
comparatively higher in reduced tillage than conventional practices. However, observed SOC decreased by 
2012 in all other management options though SOC are higher in perennial pasture. The simulated trends 
of SOC under different farming system treatments were generally comparable with the ob-served field trial 
data. Although crops, pastures and livestock performance is related to timing of rainfall and amount of 
rainfall, equally, soil fertility decline can influence crop-livestock productivity. Long-term simulations suggest, 
cropping frequencies including crop-livestock rotation adjustments and soil-nutrient management are 
needed for productive mixed farming with environmental gains.

1 NSW Department of Primary Industries, Wagga Wagga Agricultural Institute, PMB Wagga Wagga, NSW 2650, Australia 
2 Graham Centre for Agricultural Innovation (an alliance between NSW Department of Primary Industries and Charles 
Sturt Uni-versity) Wagga Wagga, NSW 2650, Australia, Email muhuddin.anwar@dpi.nsw.gov.au 3 NSW Department 

of Primary Industries, Orange Agricultural Institute, Orange, NSW 2800, Australia 4 CWFS, NSW DPI Condobolin 
Agricultural Research & Advisory Station, Condobolin NSW 2877, Australia 5 CSIRO Agriculture Flagship, GPO Box 

1600, Canberra, ACT 2601, Australia
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INTRODUCTION

A key question is how modifications to this mixed 
farming system influence soil fertility through changes 
in SOC and the influence this has on crop and livestock 
productivity. In this study, long-term observations 
from the Central West Farming Systems trial at the 
Condobolin Research Station were used to validate 
AusFarm (Donnelly et al. 2002; Moore et al. 2007) 
with different manage-ment options for soil carbon 
and crop-livestock productivity. The other objective is 
to apply the validated AusFarm model to investigate 
SOC dynamics and crop-livestock performance as 
influenced by different mixed farming practices.

METHODS
Site and treatment
This study involves a long-term field experiment 
conducted by Central West Farming Systems 
(CWFS) that commenced in 1998 and is continuing at 
Condobolin Research Station (33.07oS, 147.23oE). 
The site is characterised by a hot semi-arid climate 
with an average annual precipitation of 442 mm and a 
mean annual temperature of 17.4oC. The soil is a Red 
kandosol soil (Isbell 1996) with SOC con-tent of about 
1.30% in 0-10 cm soil depth. This is a representative 
of a rainfed crop-livestock growing lo-cation in the 
central-west NSW. The CWFS site covers 160 ha 
area. This area is divided into 40 ha blocks. 10 ha 
areas within each block are randomly assigned to 1 
of 4 farming system: a traditional farming sys-tem with 
conventional tillage (CT), reduced tillage with livestock 
(RT), zero-tillage with no livestock(ZT) and perennial 
pastures (PP). The CT represents a mixed farming 
system that uses conventional tillage with a pasture 
phase, wheat phase of long fallow wheat (LFW) and 
short fallow wheat (SFW) under-sown with pasture 
combinations. The RT represents reduced tillage with 

rotations of LFW, SFW, grazed pasture and a period 
of rest and naturalised pasture between wheat crops. 
The ZT represents continuous a cropping rotation with 
wheat, barley and field pea.

SIMULATION
The AusFarm model (http://www.grazplan.csiro.au) 
was used to link the APSIM crop and soil models (Keating 
et al. 2003) and the GRAZPLAN pasture and animal 
management models (Freer et al. 1997; Donnelly et al. 
2002; Moore et al. 2007) are used to represent CT, RT 
and ZT mixed crop-livestock farming practices. Briefly, 
AusFarm simulates biological and physical processes 
in a mixed-farming sys-tem in response to climate (daily 
maximum and minimum temperature, rainfall and solar 
radiation), in-crop management, livestock enterprises 
and animal husbandry practices. Crop yield and animal 
performance (Medium Merino) data from 1998 to 2012 
comprising CT, RT and ZT farming systems were used 
to validate the AusFarm model. Performance was 
evaluated against the observed measurement by com-
paring the coefficient of determination and root mean 
square deviation (RMSD). The effects of tillage and 
frequencies of cropping with annual pasture phase 
on SOC and in turn to crop-livestock productivity 
were examined by long-term simulations (1 January 
1889–31 December 2014) using historical climate 
(daily solar radiation, maximum temperature, minimum 
temperature and rainfall) data obtained from SILO 
patched point datasets (http://www.longpaddock.
qld.gov.au/silo/ppd/index). A mixed crop-livestock 
farming scenario representative of central-west NSW 
was developed in the AusFarm platform. Parameters 
information available in Primefacts (http://www.dpi.
nsw.gov.au/aboutus/resources/factsheets/agriculture) 
pertaining to crop management, sheep enterprises 
and animal husbandry practic-es were used in the 
simulations setup which is similar to existing mixed-
farming system in central-west NSW region. The farm 
area assigned in the simulation is 1000 hectare, where 
30% constitutes permanent pastures (phalaris) to 
represent naturalised grazing pasture for use sheep 
grazing (Medium Merino of 5.25 Ewes/farm ha) and 
reminder 70% as arable land divided into seven 
paddocks to facilitate crop sequences and annual 
pastures (sub-clover and annual Ryegrass). We 
considered four simulation treatments: (1) CT_APCW 
represents conventional tillage (CT) with a rotation of 
2 -years annual pasture (AP)/wheat/canola/wheat/
canola; (2) CT_CW represents CT with continuous 
canola and wheat; (3) RT_APCW represents reduced 
tillage (RT) with a rotation of 2 -years annual pasture/
wheat/canola/wheat/canola and (4) RT_CW represents 
RT with continuous canola and wheat. Gross margins 
($/ha) were estimated using the variable costs based 
on 2012 farm budget and costs data (http://www.dpi.
nsw.gov.au/agriculture/farm-business/budgets).

“WITH A FOCUS ON 
INCREASING PRODUCTIVITY 
OF MIXED FARMS IN THE 
LIVESTOCK DOMINATE 
FARMING REGIONS OF NSW; 
PRACTICES INVOLVING 
REDUCED TILLAGE, DIVERSE 
CROP ROTATIONS AND 
ALTERING THE LENGTH OF 
PASTURE PHASES MAY OFFER 
ADVANTAGES”. 
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RESULTS AND DISCUSSION
The AusFarm model was able to explain 70% of the 
observed variability in wheat grain yield with a RMSD 

of 554 kg/ha (Fig. 1A). In 2002 (the only year with 
records), comparison of simulated and observed lamb 
sale weight and fleece weight showed adequate level 
of prediction (Fig. 1B and C).

Figure 1. Comparison of simulated and observed wheat yields (A), animal weight (B) and fleece 
weight (C) for experimental data comprising traditional farming system (CT), reduced tillage with 
livestock (RT) and zero-tillage with no-livestock (ZT). Animal weight and fleece weight were only 
for year 2002.

Figure 2. Simulated soil organic carbon (%) in the 0 – 10 cm soil profile across conventional tillage (CT) with pasture-cropping rotation (CT_
APCW), CT with continuous cropping (CT_CW), reduced tillage (RT) with pasture-cropping rotation (RT_APCW) and RT with continuous 
cropping (RT_CW).

In the long-term field experiment observed SOC 
increased initially, and were comparatively higher in 
reduced tillage than conventional practices (data not 
shown). However, in the long-term field experiment,the 
observed SOC decreased by 2012 in all other 
management options though SOC are higher in 
perennial pasture. Likewise, simulated SOC increased 
continuously during the long-term (Fig. 2) across all 

farming practices. However, after an initial increase, 
modelled SOC under CT_CW and RT_CW declines 
rapidly after 1950, implying more organic inputs due 
to higher frequencies of cropping, and later decline 
could be attributed to reduced microbial substrate 
for biochemical activity. In contrast, increasing SOC 
under CTapCW and RTapCW is fairly stable (Chan et 
al. 2010).



102 CENTRAL WEST FARMING SYSTEMS Harvest Compendium 2015

Figure 3. Box-plot of simulated crop yields (A and B), animal and fleece weight (C and D) across conventional tillage (CT) with pasture-
cropping rotation (CT_APCW), CT with continuous crop-ping (CT_CW), reduced tillage (RT) with pasture-cropping rotation (RT_APCW) 
and RT with con-tinuous cropping (RT_CW) treatments. Livestock in all systems have access to permanent phalaris pasture.

The simulated median crop (wheat and canola) were 
not different between the four mixed farming sys-tems 
(Fig. 3). However, dispersion of the distribution of long-
term canola yield reduced (Fig. 3B) in CT_CW and RT_
CW farming systems. Performance of sheep in terms 
of lamb sale weight and fleece weight was highest 

(Fig. 3C and D) with the introduction of 2 -years annual 
pastures in the cropping rotation (CT_APCW and 
RT_APCW). With the introduction of annual pasture 
component in the farm-ing system, gross margins 
were higher in CT_APCW and RT_APCW compared 
to CT_CW and RT_CW (Fig. 4).
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INTRODUCTION
Herbicide‐resistant weeds are on the rise across 
Australia, including an increasing number of cropping 
weeds experiencing resistance to multiple herbicides 
(Owen et al., 2013). For instance, glyphosate‐resistant 
weeds across Australia now include annual ryegrass 
(Lolium rigidum), barnyard grass (Echinochloa 
oryzicola), liverseed grass (Urochloa panicoides), 
windmill grass (Chloris truncata), brome grass (Bromus 
inermis) and fleabane (Conyza bonariensis). As well, 
103 populations of annual ryegrass resistant to 
glyphosate have been confirmed (Preston et al., 2010). 
In comparison with pests and diseases, weeds have 
the potential to incur the greatest yield loss, through 

competition with the crop and decreasing yield quality, 
and can therefore incur high costs of control (Oerke, 
2006). In Australia alone, weeds cost about $4 billion 
per annum in lost production, decreased quality and 
in control measures; weed control measures are 
estimated to be more than $700 million in the wheat 
industry (Sinden et al., 2004).
Development of wheat cultivars (Triticum aestivum 
L.) with increased inherent competitiveness against 
herbicide‐resistant weed species is a potential non‐
chemical alternative to chemical weed control. To 
date, limited success has been achieved in Australia 
breeding cultivars for enhanced competitive ability, 
mainly because complexity of weed suppression is 
influenced by many factors (Mokhtari et al., 2002; 

James Mwendwa1, Leslie A. Weston1 and William B. Brown1 
1 Graham Centre for Agricultural Innovation (NSW Department of Primary Industries and Charles 

Sturt University), Wagga Wagga, NSW 2678, Australia

Field trials were performed in 2014‐15 as part of the UCS 00200 research project evaluating mechanisms of 
weed suppression in diverse wheat genotypes in both Wagga Wagga and Condobolin NSW. Crop and/or weed 
growth were monitored at 4 stages of growth at each location: early season (tillering), grain filling stages, crop 
maturity at harvest and also postharvest to the crop. Field trials have demonstrated significant differences 
between wheat cultivars in crop biomass, growth vigour, yield, leaf area index (LAI), weed suppression, weed 
count and biomass. It is likely that these cultivar competitive traits are clearly influenced by both genotype and 
environmental factors, as shown by differences in cultivar performance among the two locations. Cultivars 
that performed well in terms of crop biomass, yield and weed suppression in both locations included Espada, 
Condo and to a lesser extent, Janz. Additional experimentation using metabolomics to profile primary and 
secondary metabolite differences among cultivars, locations, plant part and timing of collection will be 
performed using LC‐MS QToF for metabolite profiling. This will provide important information regarding crop 
physiological and biosynthetic differences that may impact crop competitive traits against common weed 
species.

MECHANISM OF WEED SUPPRESSION 
IN EARLY VIGOUR & WEED  

SUPPRESSIVE WHEAT GENOTYPES.
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Zerner et al., 2008; Bertholdsson, 2010). Crop 
competitive ability can either be specified in terms of 
crop tolerance against weeds or growth inhibition of 
weeds by resource competition (Bertholdsson, 2010).
Crop tolerance through toleration of depleted resources 
and continuation of growth is measured by crop 
growth or dry matter accumulation whereas resource 
competition by suppressing weeds through rapidly 
depleting resources is measured by weed biomass or 
weed number. Competitive genotypes have the ability 
to better access light, nutrients, and water resources 
in limited space, thus suppressing the growth and 
reproduction of nearby weed species (Worthington et 
al., 2015).
Although cultivars with high competitive potential have 
been identified amongst cereal crops, competitiveness 
has not traditionally been considered a priority for 
breeding or farmer cultivar choice (Andrew et al., 
2015). In Greece, the use of competitive cultivars 
alone has already been demonstrated to allow for a 
50% reduction in total amounts of herbicides used for 
weed control in wheat (Travlos, 2012; Andrew et al., 
2015). Thus, developing grain cultivars with superior 
competitive ability against weeds will complement 
cultural methods for weed control in maintaining 
acceptable yields and suppressing weed populations 
(Worthington & Reberg‐Horton, 2013; Andrew et al., 
2015).
To realise the potential of competitive crop cultivars as 
a tool in integrated weed management, a quick and 
simple‐to‐use protocol for assessing the competitive 
potential of new cultivars is required; it is likely that 
this will not be based on a single trait, but will need to 
capture the combined effect of multiple traits (Andrew 
et al., 2015). A recent study has reported that weed 
suppressive ability was correlated with competitive 
traits, including vigour and erect growth habit during 
tillering (Zadoks GS 29), high leaf area index (LAI) at 
stem extension (GS 31), plant height at tillering and 
stem extension (GS 29, 31), grain yield in weedy 
conditions, and grain yield tolerance (Worthington et 
al., 2015).
Therefore, based on both field and controlled 
environment studies, the objectives of this study are 
to 1) assess the competitive traits of selected superior 
Australian winter wheat genotypes which are well 
adapted for the southern faming region, 2) assess the 
impact of environmental factors such as moisture and 
temperature on weed suppressive ability of wheat, 3) 
assess and measure wheat metabolites involved in 
weed suppression and 4) measure weed suppression 
by wheat stubble postharvest.

MATERIALS AND METHODS
Field trials were sown on 6th and 20th of May 2014 at 
two different locations of low (Condobolin) and medium 

(Wagga Wagga) rainfall respectively in replicated (6) and 
randomized trials. Eleven wheat cultivars representing 
4 major genotypes of winter wheat typically grown in 
Australia, plus one cultivar of rye known to be weed 
suppressive, were established for further study. The 
wheat cultivars included short and long maturing 
varieties and 2 cultivars of grazing wheat. The cultivars 
grown included Condo, Corrack, Gregory, Espada, 
Janz Cl, Scout, Suntop, Livingston, Mace, Wedgetail, 
Whistler and Grazer rye.
At sowing, soil samples were taken from each 
replicate to determine the weed seedbank present 
at experimental initiation. Weed seedbanks were 
evaluated in the glasshouse over several months. At 
Condobolin site the crop was sown at standard 33cm 
spacing and at Wagga Wagga the crop spacing was a 
standard 25cm, suitable for these areas due to rainfall 
differences. No pre‐ or post‐ emergent herbicides were 
used at either site. Sites possessed weed infestations 
typical of each region for commercial production; that 
is weed numbers were not particularly high in each 
location and reflected commonly encountered species 
including annual ryegrass (Lolium rigidum), bromegrass 
(Bromus inermis L.), witchgrass (Panicum capillare), 
stonecrop (Crassula helmsii), capeweed (Arctotheca 
calendula), paterson’s curse (Echium plantagineum), 
fleabane (Conyza bonariensis), mustard (Sisymbrium 
orientale), common lambsquarters (Chenopodium 
album) and fumitory (Fumaria agrarian).
During the growing season, dates for crop and weed 
assessment in both locations were 16‐20th June, 
17‐22nd July, 18‐23rd September, 4‐7th November 
2014 and 13 – 30th January 2015. On each sampling 
date in 2014, crop growth visual vigour rating, crop 
biomass, weed count and biomass, shoots, roots, 
rhizosphere and bulk soil from around the roots were 
sampled based on crop growth stages. In 2015 
information on weed suppression, weed counts, bulk 
soil and stubble were collected postharvest from each 
plot. Crop and weed biomass cuts were performed 
using a 50cm x 50cm quadrat with 2 subplots per plot.
During the earlier pre‐harvest sampling periods, crop 
canopy measurement were undertaken including 
normalized difference vegetation index (NDVI) using 
a Greenseeker device, photos and photosynthetically 
active radiation (PAR) and leaf area index (LAI) using 
light Ceptometer (AccuPAR LP‐80 Ceptometer‐ 
Decagon Devices®).These parameters were assessed 
to gain valuable information regarding crop canopy 
architecture and photosynthetic efficiency as they 
related to crop growth and weed suppression.
Sampled shoots, stems and roots (taken from 4 
replicates x 7 cultivars x 2 locations x 4 samples) were 
extracted in methanol using a Buchi high pressure 
extractor (Skoneczny et al., 2014; Weston et al., 2015) 
and stored at 40C awaiting further analysis using 
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the liquid (UPCL) column chromatography coupled 
with time of flight mass spectrometry (LC‐MS QToF) 
to analyse, separate and identify targeted and non‐
targeted metabolites of interest based on relative 
abundance (Weston et al., 2015). Soil samples were 
stored at ‐800C until for future analysis for hydroxamic 
acids (Fomsgaard et al., 2006; Krogh et al., 2006). 
Hydroxamic acids are key secondary metabolites of 
importance in cereal crops; they are known to play 
important roles in plant defense against herbivory and 
in plant interactions including allelopathy and are active 
as soil siderophores as well (Wu et al., 2000; 2002: 
Belz, 2007; Macías et al., 2007).

RESULTS AND DISCUSSION
Figure 1 and 2 below reflect cultivar differences in 
crop vigour and average biomass based upon three 
biomass cuts in July, September and November. 
Cultivar differences were significant at each location 
for parameters assessed. This indicated the utility of 
performing experimentation with six replicates and 
two subplots per replicate in terms of ability to discern 
small differences in crop performance.
At Condobolin, Janz Cl and Mace produced greater 
biomass while Wedgetail produced the lowest 
followed by Condo, Whistler and Gregory. At Wagga 
Wagga, Espada, Condo and Livingston produced 
greater biomass while Whistler, Wedgetail, Suntop 
and Gregory produced the lowest. In general, cultivars 
which produced higher biomass also ranked highly for 
vigour in June and July 2014. Vigour ratings plotted in 
Figures 1 and 2 were collected in June and July 2014.

Mace at Wagga Wagga – June 2014. 

Espada at Wagga Wagga – June 2014

Mace Wagga Wagga‐ Sept 2014 

Espada Wagga Wagga‐ Sept 2014
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Mace Wagga ‐ 179 days after planting no herbicides 

Espada at Wagga Wagga – Post‐ harvest 2015Espada Wagga ‐ 179 days after planting no herbicides

Mace at Wagga Wagga – Post‐harvest 2015 

Figure 1: Wheat cultivar visual vigour rating and biomass at Condobolin arranged in ascending order based upon average vigour rating 
(1 to 10) taken in June and July 2014.

WHEAT CULTIVAR VIGOUR RATING AND BIOMASS CONDOBOLIN 2014
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Figure 2: Wheat cultivar visual vigour rating and biomass at Wagga Wagga arranged in ascending order based upon average vigour 
rating (1 to 10) taken in June and July 2014.

Figure 3: Wheat 
cultivar weed 
biomass, counts and 
yield at Condobolin 
2014.

WHEAT CULTIVAR VIGOUR RATING AND BIOMASS WAGGA WAGGA 2014

WHEAT CULTIVAR WEED BIOMASS, COUNTS AND YIELD CONDOBOLIN 2014

Figures 3 and 4 show weed biomass, count and yield 
differences among the cultivars at both locations. 
Average yields were 3.2 and 1.7 t/ha, respectively, 
in Wagga Wagga and Condobolin. Yield differences 
among locations reflect typical trends observed for 
overall yields in each region based on rainfall received 
and plant density at each location, with Wagga high 
density plantings producing up to 2 times greater yields 
than Condobolin.The cultivars have been arranged in 

ascending order based upon weed biomass (yellow 
bars). Espada, Janz Cl and Whistler produced 
consistently lower weed counts in both locations. 
Whistler, Wedgetail and Janz Cl produced lower grain 
yield while Espada produced highest yields in both 
locations. Condo also produced reasonable yields 
and limited weed biomass in both locations. Gregory 
and Mace produced high levels of weed biomass and 
weed numbers at both locations.
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Figure 4: Wheat 
cultivar weed 
biomass, counts 
and yield at Wagga 
Wagga 2014.

WHEAT CULTIVAR WEED BIOMASS, COUNTS AND YIELD WAGGA WAGGA 2014

WHEAT CULTIVAR BIOMASS AND YIELD CONDOBOLIN 2014

Figures 5 and 6 show wheat cultivar biomass and 
grain yield at both locations. The cultivars have been 
arranged in ascending order according to yield. 
Espada and Condo produced the highest yields at 
Wagga Wagga with Livingston and Corrack yielding 

second best. At Condobolin Mace and Espada yielded 
the most grain with Livingston, Corrack, Suntop and 
Scout yielding the second highest. At Wagga Wagga, 
crop biomass was positively related to yield.

Figure 5: Wheat cultivar biomass and yield at Condobolin 2014
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WHEAT CULTIVAR AND WEED BIOMASS CONDOBOLIN 2014

WHEAT CULTIVAR BIOMASS AND YIELD WAGGA WAGGA 2014

Figures 7 and 8 show the differences in wheat cultivar 
biomass, weed count and biomass at both locations. 
The cultivars have been arranged in ascending order 
according to weed biomass grams persquare meter  
g/m2). Janz Cl, Espada and Condo had lower weed 

biomass in both locations and the poor performers 
were Gregory and Mace at Condobolin and Wagga 
Wagga respectively. At Wagga Wagga, there was a 
strong negative relationship between crop biomass 
and weed biomass.

Figure 5: Wheat cultivar biomass and yield at Wagga Wagga 2014

Figure 7: Wheat cultivar and weed biomass at Condobolin
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WHEAT CULTIVAR AND WEED BIOMASS WAGGA WAGGA 2014

WHEAT CULTIVAR BIOMASS LAI AND WEED BIOMASS CONDOBOLIN 2014

Figure 7: Wheat cultivar and weed biomass at Wagga Wagga.

Figure 9: Wheat cultivar 
biomass, LAI and weed 
biomass at Condobolin

Figures 9 and 10 show the differences in cultivar 
biomass, LAI and weed biomass at both locations. 
The cultivars are show in ascending order based upon 
weed biomass. Wedgetail and Whistler had the highest 
LAI in both locations while Mace had the lowest. 
Interestingly, in Condo, those factors which resulted 
in improved crop biomass resulted in higher weed 
biomass in the same cultivars. In this more extreme 
climatic location, the cultivars that generated more 

biomass also provided conditions and environment 
which favoured weed growth; this could potentially 
be due to canopy architecture and impact of shading 
on temperature and moisture availability beneath the 
canopy. However, in Wagga Wagga the converse was 
true; in less moisture limiting situations and under 
cooler temperatures, the cultivars which produced the
highest biomass also suppressed weeds most 
significantly.
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WHEAT CULTIVAR BIOMASS LAI AND WEED BIOMASS WAGGA WAGGA 2014

Figure 10: wheat 
cultivar biomass, 
LAI and weed 
biomass at 
Wagga Wagga.

CONCLUSION
In year 1 of this experiment, we demonstrated 
that genetically diverse wheat cultivars performed 
differently in two locations with varying rainfall patterns. 
Significant differences in crop biomass, LAI,weed 
count and biomass between cultivars was also 
location dependent. These results show that although 
weed suppression in wheat is influenced by genotype, 
the genotypic response in wheat is clearly influenced 
by environmental factors as well, when it comes to 
growth, yield and weed suppression. However, certain 
cultivars were excellent performers in both locations 
in terms of weed suppression and crop yields and 
these included Espada and Condo and to a lesser 
extent Janz. Additional results will be obtained from 
metabolomic analyses to evaluate both primary and 
secondary biosynthetic pathways operational in crop 
genotypes and to determine if these pathways influence 
weed suppression in either location over time. The 
role of hydroxamic acids in weed suppression will be 
further examined in detail through targeted metabolic 
profiling in both soils and plant tissue. Additional field 
experiments will be repeated over the next 3 years to 
determine impacts of year and location upon wheat 
cultivar performance and weed suppression.
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INTEGRATED WEED MANAGEMENT.

CROP CULTIVAR TRIALS
For a second year trials were established at Wagga 
Wagga and CWFS Condobolin to investigate the 
impact of various crops and their stubble type on 
summer weed emergence. Plots were designed 
in a randomised complete block design with four 
replicates, with plot size 2 x 14 m in Wagga Wagga 
4 x 12 m in Condobolin. Plots were sown 21st May 
(Wagga Wagga) and 30th May (Condobolin).

Treatment Crop Variety
1 Grazing wheat Wedgetail
2 Wheat EGA Gregory

3 Grazing oats Graza
4 Oats Mitika
5 Grazing barley Urambie
6 Barley Buloke
7 Triticale Tobruk
8 Cereal rye Grazer
9 Grazing canola cb Taurus
10 Canola Hyola 50

James Mwendwa - Central West Farming Systems, Condobolin and  
Rex Stanton - EH Graham Centre, Wagga Wagga

The integrated weed management was a GDRC funded project to investigate weed suppression through 
cultural management practices and various crops and cultivars. The trials both in Condobolin and Wagga 
wagga were conducted through collaboration with Graham Centre and CWFS. This report summarises 
results from these trials.
Certain crop species and cultivars can suppress weeds effectively at standard establishment rates. This 
may be due to their ability to compete effectively with weeds for valuable resources, or their potential to 
exhibit allelopathic effects associated either with the crop or remaining residues following harvest. Rotational 
crops noted for their weed suppressive effects were evaluated together with key cultural practices, including 
herbicide application, stubble burning, and tillage for their impacts upon subsequent weed growth and weed 
seed viability on the soil surface or in upper layer of soil under cultivation.
Treatments include various crops and cultivars established in replicated plots. Crop and weed biomass per 
plot were assessed by visual ratings, stand counts and biomass collection. Weeds evaluated will include 
annual ryegrass, fleabane, witchgrass, windmill grass.

Table 1. Wagga Wagga 2012 and 2013 Crop Cultivar Treatments.
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Witchgrass data was taken in Wagga Agricultural 
Institute on March 2013 on the 2012 Crop Cultivar 
harvest plots to determine any weed suppression by 
crop type and stubble type or loading. The number 
of witchgrass plants and the growth stage along with 
biomass cuttings were recorded from a 0.25 m2 
quadrat and the results are presented in the graphs 
below based on the treatments in table 1.
In 2013, due to the late sowing date, the two canola 
cultivars were not sown in Condobolin. Instead, 
treatments 9 and 10 were replaced with black barley 
and a blank control treatment, respectively. Plots 
were harvested November 26, 2014 in Condobolin. 
In Wagga Wagga where maturity was easier to moni 
tor the crops were harvest at intervals with canola 
harvested on November 19th, wheat, oats and barley 
on the 21st and the other cultivars on December 12, 
2013.

The predominant weed in summer fallow plots 
following harvest of cereals was witch grass, with up 
to 20-40 seedlings per square meter by March 2013. 
Interestingly, witch grass predominated in cereal plots 
post harvest, but grazing canola and canola plots 
contained very few if any witch grass seedlings or 
mature plants. Interestingly, slightly increased numbers 
of flea bane emerged in canola plots than in any cereal 
plots in Wagga wagga. There were no discernible 
differences between grains only and grazing cultivars 
of the three cereals examined in terms of control of 
either flea bane.
Oat and barley cultivars appeared to suppress witch 
grass infestation post harvest in comparison to other 
cereals, and yields of these crops were also higher 
than other cereals, indicating suppression was noted 
both before and after harvest. Graph 5 and 6 shows a 
similar pattern in flea bane numbers being suppressed 
by the grazing varieties of wheat, barley and oats in 
Condobolin. Fleabane counts were conducted in 
September (Graph 5) and October (Graph 6) in 2013.

Graph 1 & 2. 2012 Crop Cultivar Trial – Wagga Wagga

Graph 3 & 4. 2012 Crop Cultivar Trial – Wagga wagga
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CULTURAL TRIAL
Cultural Practices in Stubble Management trials were 
again established at Wagga Wagga (demonstration 
strips only) and Condobolin to investigate the impact 
of crop stubble management techniques on summer 
fallow and in-crop weed emergence in 2013. The 
Condobolin trial was conducted in 2012 but not 
repeated in 2013, due to lack of uniform weed 
infestation. Short stubble treatments were imposed 
at harvest to imitate the result of using technology 
such as a Harrington Seed Destructor. Rolled stubble 
treatments were imposed shortly after harvest. Tilled 
stubble and burnt stubble treatments were imposed 
later in the pre planting season.
Yield was taken on the trial established in 2012 at 
Wagga that was planted into barley in 2013. Plots were 
harvested on December 10, 2013 (Table 2.). Barley 
yields were not significantly different post treatment. 
The Condobolin site was not harvested.

Treatment Treatment Barley t/ha
1 Stubble retained 2.53
2 Stubble burnt 2.36
3 Stubble tilled 2.60
4 Stubble rolled 2.43
5 Stubble short 2.58

Table 2: Cultural Practices in Stubble Management - Wagga Wagga

At Condobolin in October 2013, fleabane count in the 
cultural practices trial shows reduced counts where 

stubble was burnt, followed by stubble retained and 
tilled. This shows that cultural practices on stubble 
management may significantly reduce fleabane counts.

CONCLUSION
These trials demonstrate that certain crop species and 
cultivars such as barley, oats and grazing wheat, can 
suppress weeds effectively at standard establishment 
rates. This may be due to their ability to compete 
effectively with weeds for valuable resources, or their 
potential to exhibit allelopathic effects associated either 
with the crop or remaining residues following harvest.
For further information, please contact Jamie 
Thornberry at CWFS on (02) 6895 1050.
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RAIN N GRAIN & STUBBLE 
MOUSE SAMPLING 
OBSERVATIONS.
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RAIN N GRAIN & STUBBLE MOUSE 
SAMPLING OBSERVATIONS.

2014 ACTIVITIES
Over 2014 monitoring occurred at the following 
locations: Nyngan, Tullamore, Tullamore/Peak Hill, 
Alectown, Gunning Gap, Wirrinya, West Wyalong, 
Condobolin, Euabalong, Ungarie, Lake Cargelligo, 

Weethalle and Rankin Springs. Monitoring activities 
occurred in: March; when populations are at their 
greatest; June, post sowing to identify the mouse 
population density; and, September/October to gauge 
relative breeding activity.

John Small & Nick Hill - Central West Farming Systems

A major component of the Rain n Grain and Stubble project is: “a proactive approach to pests within a 
Stubble retained system”. Due to the impacts of the recent (2011) mouse plague, the consideration that 
every region is, on average, subjected to a mouse plague every 7 years (Singleton et al, 2005 cited in; Brown, 
2007), and the knowledge that stubble retained systems favour mouse populations (Caughley, 2001 cited 
in Pople et al, 2013), CWFS is pro-actively monitoring mouse activity around the Central West region to 
identify what is happening as well as to provide this information to: CSIRO/the CRC for Invasive animals/ NZ 
Landcare Research, for inclusion in the GRDC funded project: Monitoring Mice in Aus-tralia. The data from 
which will be used to create a predictive model that will assist to identify when a particular grain growing 
region is likely to be subjected to a mouse plague. This information will be used to inform local producers of 
the impending plague so as proactive measures can be applied. At each site mouse numbers are monitored 
at 2 separate locations / vegetation types. Each location has 1 transect of 10 chew cards, soaked in a canola 
and Linseed oil mix, placed every 10mtrs. The cards are left out over-night and collected the following day 
with the percentage of card chewed recorded. At the time of monitoring, mouse activity adjacent to each 
transect is recorded and the property owner contacted to identify viewed levels of on farm mouse activity and 
any control actions taken. The percentage of card consumed provides an indication of the amount of activity 
occurring at a location but not definite numbers of mice present.

GRDC project CWF00018 – Maintaining profitable farming systems with retained stubble in Central West NSW.
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Table 1 below, identifies regions and levels of mouse 
activity recorded over monitoring periods. Verbal 
communication with CSIRO staff have identified that 
over the 2014 mouse activity within our region can 
be clas-sified as low. Overall, the greatest amount 
of activity observed was in the September breeding 
period, followed by March when mouse numbers are 
considered to be at their highest. It can be viewed 
that mouse activity was greatest within the cropping 
areas (ie; stubble and crop vegetative stage) during 
March and June. In the September monitoring period 

the greatest levels of mouse activity were recorded in 
areas external to the cropping areas (ie; fence lines & 
roadways with some form of vegetation present). This 
displayed movement of highest mouse activity from 
the cropping areas, to areas external to the crops, can 
be theorised to be influenced by the breeding activities 
known to occur during the September period as these 
areas provide key refuge and breeding habitats (Brown 
et al, 2004).

CONCLUSION

SAMPLE PERIOD REGION SAMPLING AREA VEGETATION STAGE CHEW CARD 
% EATEN

March 2014 Gunning Gap Wheat Stubble Pre-sowing 0.005
March 2014 Gunning Gap Wheat Stubble Pre-sowing 0.015
March 2014 Lake Cargelligo Wheat Stubble Pre-sowing 3.5
March 2014 Nyngan Weedy pasture some Established 0.25
March 2014 West Wyalong Wheat Stubble/Standing Pre-sowing 0.01
March 2014 West Wyalong Wheat Stubble Pre-sowing 0.06
June 2014 Rankin Springs Canola Budding 0.1
June 2014 Tullamore/Peak Hill Wheat Seedling 0.005
June 2014 Ungarie Vetch Tillering 0.5
June 2014 Wirrinya Canola Budding 0.9
September 2014 Alextown Barley Flowering 0.035
September 2014 Gunning Gap Weedy roadside Established 0.685
September 2014 Lake Cargelligo Native vegetation Established 0.005
September 2014 Lake Cargelligo Wheat Flowering 0.5
September 2014 Tullamore Weedy fence line Established 0.28
September 2014 Ungarie Barley Flowering 0.25
September 2014 Ungarie Native vegetation Established 0.0425
September 2014 Weethalle Native vegetation Established 0.065

Table 1. Recorded mouse activity by: region by vegetation type & stage.

Following this one year of observations it would seem 
that in 2014 proactive mouse control measures would 
have been best applied during the breeding/September 
period along areas external to the crop-ping zone. 
This would have provided a number of benefits (as 
per; Brown, 2007): 1) the population was seemingly 
concentrated which would have enabled targeted 
control measures to be applied; 2) as the population 
was concentrated less baits would have to be applied 
to achieve an effective rate of coverage rate. Less baits 
= less cost of control measures; and, 3) controlling 
the population during the September breeding events 
could significantly reduce future populations levels and 
consequently the potential impacts of mice upon future 
cropping operations.

In 2015 mouse monitoring will continue at all of the 
regional sites. To further identify mouse population 
dynamics CWFS will also be in contact with further 
persons from each region to identify mouse activity 
perhaps not recorded by monitoring activities. To 
be involved in mouse monitoring, or if you have any 
observations or queries, don’t hesitate to call Nick Hill 
at CWFS on 02 6895 1038 or 0437 612 140.
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SOIL PH CHANGE OVER TIME & THE 
OUTCOMES OF A FARMER LED LIME TRIAL.

KEY POINTS
• Visually the impacts of Lime may not be seen, but 

the benefits of Lime are evident when comparing 
Limed areas plant biomass and yield with that of 
unLimed areas.

• Application of Lime is shown to halt sub soil 
acidification which is costly to address and will 
impact upon future sustainability and productivity 
of an agricultural enterprise.

• Appropriate rates of Lime are shown to increases 
yield.

OVERVIEW
On the 28th of April 2014 soil coring was conducted 
at a property West of Condobolin to identify possible 
changes in soil pH identified via a previous soil acidity 
sampling program conducted in the late 90’s/early 
2000’s by Central West Farming Systems (CWFS). Soils 
of the property are predominantly Red Clay Loam. The 
operation is a mixed farming enterprise which includes 
sheep and cropping. Cropping is predominately 
wheat. The annual average rainfall experienced on the 
property is 400-425mm. Stubble retention is practiced 
within the cropping system with stock grazing the 
stubbles at identified key times.

Nick Hill - Central West Farming Systems

In 2014, assessment of a previous soil pH monitoring site, sampled 14 years prior, and a farmer led onfarm 
lime trial was conducted west of Condobolin NSW. In the on farm lime trial the farmer had independently 
applied 3 different rates of lime to an area that is subjected to dry-land cropping and grazing. The impacts of 
the varying rates of Lime were assessed via: soil coring, in-crop wheat biomass assessment, tiller counts and 
volume of grain achieved at physical maturity. Results showed that at the previous soil pH monitoring site, pH 
levels had decreased and subsurface soil acidification was occurring down to 30cm; and in the on farm lime 
trial the higher application rate of Lime achieved a higher pH in the top 10cm of the soil profile, prevented 
soil acidification from reaching lower sections of the soil profile and achieved notably higher plant biomass / 
number of tillers and volume of grain when compared to no Lime or reduced Lime applications.

GRDC project CWF00019 – Soil Acidity and pH Management for Central West Farming Districts. A case study.
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Data obtained from the previous soil acidity sampling 
program included a GPS reference point and a single 
value; 4.8 pH (CaCl). Investigation identified that the 
figure was obtained from the 0-10cm (approx.) section 
of the soil profile, with samples randomly collected 
from the paddock surrounding the GPS location, 
bulked together, thoroughly mixed, and a 350-400grm 
representative sample removed and sent away for 
analysis. In 2014, the original historical sample site 
was revisited and coring to a depth of 120cm was 
achieved. To assist in identifying the occurrence of 
sub soil acidity within the soil profile the 120cm core 
was divided up into the following sections: 0-10cm, 
10-30cm, 30-60cm, 60-90cm & 90 to 120cm. This 
process was repeated at 5 individual sites distributed 
every 200mtrs along a single transect running NNW 
with the original sample site identified as Site1.
Previously, farmer led on farm lime trials have occurred 
on this property in a separate location. As per; Figure 
1, the trial design was 3 separate strips approx 20mtrs 
wide which were treated with varying rates of Lime. 
The exact lime application rates were not recorded 
however rates of lime were applied at the fol-lowing 
order of magnitude: LT3>LT2>LT1. The limed strips 
were separated by approx 20mtr wide “control” strips; 
LTC1 and LTC2.

To identify the outcomes of the liming activities; both 
limed and unlimed “transects”, were sampled at 3 
locations along each transect. For each transect 
sampling sites were separated by approx 200mtrs. 
Samples were sent to CSBP analytical laboratories 
for analysis. All pH data is as per CaCl analysis. To 
maintain an overall indication of each transects pH, 
as per the previous project, an average from all of the 
sites from within each of the soil core sections was 
achieved with results provided in Table1.
To identify the impact of lime treatments upon the 
growth of the 2014 wheat crop; biomass cuts were 
taken at physiological maturity, number of tillers 
counted and sample weight of grain achieved. Results 
achieved are provided in Graphs 1 & 2.

RESULTS
Data shows that for the Historic site pH decreased 
from 4.8 to 4.5 within the 0-10cm section of the soil 
profile, a change of 0.3 or a 3 fold increase in increase in 
acidity – which may be considered to be a moderately 
significant increase in acidification. Assessment of the 
remaining soil profile sections (Table 1.) demonstrates 
the following:
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a) 10-30cm: pH of 4.5 was observed, indicating the 
occurrence of sub soil acidification, significant to 
impact upon crop growth;

b) 30 – 60, 60 – 90, 90 – 120: as per Table 1, an 
increase in pH, or an increase in alkalinity, with depth is 
viewed – as is expected in the Red Clay Loam Soils of 
this region (Dr N. Fettell, 2014 pers com).

Graph 2: Average grain weight by treatment.

Graph 1: Comparison of dry biomass and number of tillers per mtr square.
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Assessment of on farm lime trial results indicate the 
following (Table 1., Graph 1. & Graph 2.):
a) A relatively consistent order of magnitude within the 
profiles of the individual limed transects is shown. LT3 
has higher pH within the sections of the soil profile than 
LT1 which has a higher pH within the sections of the 
soil profile than LT2.
b) As per the historic data set, the profiles generally 
demonstrate an overall increase in soil pH with depth.
c) Comparison of values achieved for the “Control” 
strips: LTC1 & LTC2; identify that LTC2 consistently 
had a higher pH within each of the sections of the soil 
profile.
d) For LTC1, acidification is evident within both the 
0-10 & 10-30cm sections of the soil profile, with pH 
being significant enough to impact upon plant growth.
e) Biomass dry weight compared with no of tillers per 
square meter (Graph 1.) shows a relative consistency 
for transects LT1, LT3 & LTC1. Greatest variation for 
transects is observed within LT2 and LTC2.
f) A consistent order of magnitude for biomass and 
no of tillers can be seen within transects: LT3, having 
more biomass and tillers than LT1, which had more 
biomass and tillers than LTC1.
g) Data indicates that possible contamination of the 
transects LT2 and LTC2 occurred at the time of Lime 
application; ie, lime was applied across both transects 
in varying rates, as greater variation than expected is 
seen in the results for each transect when compared 
with LT1, LTC1 and LT3 which show a consistent 
trend; ie,
• LTC1= no lime and recorded the lowest pH, volume 

of grain, biomass and number of tillers per square 
mtr.

• LT1= least volume of lime but shows an increase in 
soil pH, volume of grain, plant bio-mass and tillers 
per square mtr.

• LT3= maximum volume of lime, shows highest 
levels of soil pH, volume of grain, plant biomass 
and tillers per square mtr.

h) Assessment of average grain numbers per transect 
shows that the highest volume of grain was achieved in 
LT3 and least within LTC1 – volume of grain correlates 
with amounts of Lime applied as per the above point 
(g).

DISCUSSION
Due to the consideration that LT2 and LTC2 may 
have suffered contamination at the time of application 
of lime, subsequent discussion will focus upon the 
remaining transects and the historical site.
The “original” pH of the red clay loam soils of the 
Western region of NSW is accepted to be non-acidic 

and have an average pH of 6 (Soilpack, NSW DPI). 
However variation in pH is known to occur due to 
topography and vegetation community, with anecdotal 
evidence for this region identifying that:
a)  “Pine & Box country is acidic and the Malle 
 country alkaline”; and,
b) “quartz gravel ridges with Iron Bark growth is 
 acidic country”.
Pre farming soil pH data is not available for this location. 
However, the demonstrated increase in acidity of 0.3 
for the 0-10cm section of the profile within the region 
of the Historical site demonstrates the impacts of 
farming practices overtime i.e.; application of Nitrogen 
fertilisers and product removal (Table.1). The impact of 
not addressing soil acidity within the surface layer of 
the soil profile acidity is shown via the homogenisation 
of the soil pH between the 0-10 & 10-30 sections of 
the Historic site soil profile and LTC1 (no lime) within 
the trial site. It can be assumed that acidity is moving 
down through the soil profile causing subsurface soil 
acidification within the 10-30cm section – significant 
enough to impact upon plant growth. As the pH of a 
soil decreases, or becomes more acidic, nutrients such 
as Nitrogen & Phosphorous become less available to a 
plant (ARIS, 2008) which is clearly demonstrated in the 
on farm lime trial via the increase in plant biomass/no 
of tillers per mtr squared an volume of grain achieved 
when compared to rates of lime(Graph 1.); eg, LT3: 
maximum rate of lime +maximum biomass/no of tillers 
and volume of grain; LT1: minimum rate of Lime + 
lower biomass / no of tillers and volume of grain; and, 
LTC1: no lime + least biomass /no of tillers and volume 
of grain.
Comparison of the pH levels between the Historic site 
and LTC1 within the Lime trial site identifies the impact 
of not applying Lime within a cropping operation. Both 
LTC1 and the Historic site (Table 1.) demonstrate 
a similar homogenisation of soil pH down to 30cm 
which is acidic enough to impact upon plant nutrient 
availability and subsequent growth. The pH of 5.3-
5.4 within identified within the30-60cm section of 
the profile at these locations (Table 1.), indicate the 
possible start of subsurface acidification occurring at 
a greater depth.
The comparison of pH levels between the individual 
profiles of LT1 and LT3 shows that LT3 had the most 
amount of Lime applied, but pH ranges for both sites 
are within the acceptable levels for crop growth (Arriss, 
2008), however the extra application of Lime at LT3 
can be seen to have provided a greater bio-mass / 
numbers of tillers and volume of grain (Graph 1.).

CONCLUSION
Results from this on-farm investigation demonstrate 
that where cropping activities occur within the Red 
Clay Loam soils of the Central West of NSW, soil 
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acidification can increase in magnitude over time 
and that lime is required to ameliorate the effects 
of agricultural activities; i.e., product removal and 
nitroge-nous fertilisers, which are known to cause 
soil acidification (Gazey & Davies, 2009). Results also 
demon-strate that without the application of Lime to 
a cropping environment, over time, acidification will 
move down through the soil profile causing sub soil 
acidification. Subsoil acidification further impacts upon 
plant growth (Jenson 2010) and associated yield as 
well as increasing the cost of acid soil rehabilitation 
(Gazey & Davies, 2009). The long term benefits of 
applying Lime within the Red Clay Loam soils of the 
Central West of NSW are clearly demonstrated via the 
on farm trial; ie,
a) Where the maximum amount of Lime was applied 
(LT3); a “normal” increase in pH is viewed descending 
through the profile, the soil pH levels are such that 
plants can effectively access nutrients within the soil 
profile, which is reflected in the greater biomass /
number of tillers and volume of grain.
b) Where less Lime was applied (LT1) pH levels are 
still appropriate for plant nutrient uptake how-ever a 
reduced plant biomass /number of tillers and volume 
of grain was achieved when compared to LT3.
c) Where no Lime was applied (LTC1), Sub surface 
acidification is occurring, and the lowest bio-mass /no 
of tillers and grain volume was observed.
This on farm Lime trial clearly shows that in a cropping 
environment, appropriate amounts of Lime are required 
to maintain soil pH. If Lime is not applied to address 
factors such as Nitrogenous fertiliser applications and 
product removal, acidification of the top section of the 
soil profile will occur. If Lime is not applied at this stage 
acidification will move down through the soil profile 
causing subsurface acidification. As soils become 
more acidic nutrients required for plant growth become 
less available.
Appropriate rates of Lime applied to a cropping 
environment mean that the pH of the soil will allow 
plants to effectively access available nutrients which 
translate into plant growth, grain yield and maximising 
the value of fertiliser inputs.
Lime it or Lose it!
For further information contact Nick Hill on 02 6895 
1038 or nick.hill@trade.nsw.gov.au
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RAIN N GRAIN & STUBBLE; A PROACTIVE 
APPROACH TO WEED CONTROL:  
OUT OF CROP WEED CONTROL.

THE SIMPLE ANSWER IS: YES.
Weeds external to a cropping area (ie; along fence lines 
and roadways) are a known problem. They impact 
negatively upon a cropping operation in a number of 
ways; ie,
• Pest insects - Weeds can provide refuge for insect 

pests and act as a point source of distribution into 
a cropping area.

• Diseases - Weeds can act as a host for crop 
disease. When an infected weed is fed upon by 
a pest insect (e.g. aphid) and the pest insect then 
feeds upon a plant within a cropping zone the 
disease is transferred to the crop.

• Seed - Weeds external to a cropping zone provide 

a source of seed that can enter and infest a 
cropping area.

• Mice - Weeds external to a cropping area provide 
food, moisture and refuge for mice.

• Herbicide resistance - Weeds external to a 
cropping area do not generally receive the same 
levels of control as weeds within a cropping area, 
which can assist in the development of herbicide 
resistance.

• Green bridge - Weeds that perpetuate external 
to a cropping season provide what is termed as 
a “green-bridge”. This green bridge is known to 
enable pest insects and diseases to survive as well 
as provide a source of weed seed for future in-crop 
infestations.

John Small & Nick Hill - Central West Farming Systems

Outcomes of the CWFS and NSW DPI, GRDC funded, research project: Wheat fallow efficiency x nitrogen 
trial, clearly showed the benefits of fallow weed control with a 38% increase in grain yield as a result of fallow 
weed control (Menz et al 2012). Controlling weeds within a cropping area has clearly demonstrated benefits. 
However, can weed management outside a cropping area provide benefits to growers in terms of lower weed 
burden, pest & disease risk within crop fields and an associated reduction in herbicide & pesticide inputs with 
an increase in economic returns?

GRDC project CWF00018 Maintaining profitable farming systems with retained stubble in Central West NSW.
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PESTS; INSECTS AND MICE
Mice are known pests of cropping operations within 
Australia with losses from the 1993 mouse plague 
conservatively estimated at costing 64.5 million dollars 
in Victoria and South Australia alone (Caughley et al. 
1994) Mice are known to impact upon crops a number 
of manners; they dig out newly planted or germinating 
seeds (Brown et al. 2003) attack developing tillers and 
heads, and at the grain development stage damage 
tillers and consume grain (Brown, 2007). Weeds 
along fence lines and roadways provide key areas for 
refuge and breeding. Spring control of weeds along 
these areas has been demonstrated to provide a 
cost effective method of mouse control via reducing 
breeding success and subsequent invasion of crops 
(Brown, 2007). The preferential colonization of these 
areas in spring was clearly shown via 2014 CWFS 
mouse monitoring activities.
Pest insects are known to have preferred host weed spp 
– which in some situations can be quite extensive. For 
example the Green Peach Aphids (an important vector 
of the Beet Western Yellow Virus) preferred weed hosts 
include; wild radish, wild turnip, capeweed, volunteer 
canola & lupin’s (GRDC, 2014), bitter melon, fleabane, 
stink weed, and blackberry night shade (Freeman & 
Aftab 2011). The Green Peach Aphid has developed 
more resistance to insecticides than any other insect 
(GRDC, 2014). Controlling the weeds that surround a 
cropping area that enable a pest to perpetuate is an 
important component of a cropping systems Integrated 
Pest Management approach (Schellhorne et al 2010).
Take home message; remove the pest’s source of 
food and habitat and you reduce the potential in-crop 
impact of the pest.

DISEASES
Weeds external to a cropping area are known to 
harbor diseases that impact upon agricultural crops 
(Freeman & Aftab, 2011). For example; Beet western 
yellows virus, Turnip mosaic virus and the Cauliflower 
mosaic virus have the potential to impact negatively 
upon canola and other Brassica spp. These viruses 
are only able to survive between growing seasons by 
using weeds as hosts (NSWDPI & GRDC, 2014).
Take home message; control weeds external to a 
cropping area and reduce the incidence of disease 
transfer between growing seasons.

HERBICIDE RESISTANCE
Herbicide resistant weed species are found throughout 
all Australian cropping systems and their numbers are 
increasing (Agric, 2014). Control of weeds external to a 
cropping area is an important method of ad-dressing this 
serious issue. Often weeds external to a cropping zone 
are not subject to the same level of attention as weeds 
within a cropping area, with herbicide applications 

generally applied later in the growing season when the 
weeds are larger, more robust and harder to achieve 
thorough herbicide coverage upon. Individual weeds 
that are not controlled via herbicide applications are 
also less likely to receive fol-low up control measures 
(Weedsmart, 2014(a). Once herbicide resistant weeds 
establish on paddock borders seed can easily spread 
into a cropping area via wind, water or machinery and 
hinder in-crop weed control.
Take home message: timely, targeted management 
and follow up control methods for out of crop weeds 
will reduce the risk of herbicide resistance occurring.

TIMING – WHEN TO CONTROL
Each factor relating to out of crop weeds; ie, pests, 
diseases, herbicide resistance, has a preferred timing for 
application of control methods. For example: effective 
control of mice populations has been demonstrated 
to be achieved via spring weed control (Brown, 2004); 
Abbas & Rana et al (2012) demonstrated that if weeds 
were controlled at an incorrect seasonal timing, insect 
pest species can be driven into an adjacent crop 
causing damage which would have otherwise not been 
experienced, if weeds are controlled at the appropriate 
time, the risk of plant borne diseases and their insects 
vector can be effectively reduced (Freeman & Aftab 
2011); to address herbicide resistance, efforts to 
prevent seed set are an important consideration with 
herbicide applications to be best conducted in May 
when the weeds are smaller rather than later in the 
winter growing season when the weeds are larger, 
with a further follow up application later in the season 
required to address late germinations (Weedsmart (a).
Take home message: ongoing control of out of crop 
weeds is required to facilitate effective outcomes in 
controlling weeds pests and diseases.

HOW TO CONTROL
The concept of integrated weed management identifies 
a number of “tools” to address weeds external to a 
cropping area. These include chemical (ie; herbicide), 
cultural (ie; burning, native revegetation of fence lines) 
mechanical (ie; cultivation) and biological control 
methods (ie; grazing, introduced control spp) (Sharma, 
2014). Variation in the economic benefits of weed control 
methods can be experienced due to the individual 
situation where it is to be applied. (i.e. Tabatabaekoloor 
et al 2012., Verma et al, 2013., & Schellhorn et al, 
2010). However addressing weed populations when 
at their most vulnerable so as to prevent seed set, 
and consequent population perpetuation, via using a 
combination of these approaches (ie; double herbicide 
knock downs, grazing followed by cultivation etc.) will 
provide effective outcomes (CRC, 2006).
Take home message: a variety of control options exist 
and the economic implications and benefits must be 
investigated and applied on a situational basis.
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ECONOMIC BENEFITS OF CONTROL
The total combined economic benefit of controlling 
weeds external to a cropping area; with regards to 
pests, diseases, prevention of herbicide resistance 
and spread of weeds to a cropping zone, is uncertain. 
However to provide an indication, during 2004-2005 
weed-related issues affected 73% of Australian 
agricultural enterprises and it is estimated that weeds 
cost Australian farmers around $1.5 billion a year in 
weed control activities and a further $2.5 billion a year 
in lost agricultural production (Dept of Environment, 
2014). On average, crop disease costs the Western 
Australian grains industry an estimated $500 million in 
lost production (DAFWA, 2014) and invertebrate pests 
cost Australian agriculture around A$500 million in lost 
production each year (CSIRO, 2013). As demonstrated 
in previous sections; control of weeds external to a 
cropping area is an important component in addressing 
each of these factors and therefore provides a direct 
combined economic benefit to the Australian Grains 
industry as a whole.
Take home message: control of weeds external to a 
cropping zone is an important economic consideration 
that will not only benefit individual farms, but the 
Australian Grains industry as a whole.
Although weeds external to a cropping area may seem 
not to be as important as the weeds within a cropping 
area - they are. Applying effective measures to control 
these weeds will not only reduce the in-crop impact 
of weeds but also reduce the incrop impact of pests, 
diseases, herbicide resistance.
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ECONOMICS OF LUCERNE 
ESTABLISHMENT FOR THE 
WESTERN WHEATBELT.
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ECONOMICS OF LUCERNE ESTABLISHMENT 
FOR THE WESTERN WHEATBELT.

METHOD OF ESTABLISHMENT
Lucerne is usually established in cultivated paddocks 
as an elite sward or in conjunction with a cereal crop in 
the western wheatbelt. Lucerne seedlings lack vigour 
(compared to annual clovers) and some soil disturbance 
to a depth of 50 mm enhances establishment.
Lucerne is rarely established by sod-seeding or 
broadcasting in this region, as swards seldom establish. 
The local clay soils are inherently hard setting and with 
a high level of evaporation in the autumn; the soils do 
not retain sufficient moisture in the top 5 mm, to sustain 
root growth following germination in this region.
The most effective way to establish lucerne in the 
western wheatbelt region is to sow it without a cover 
cereal crop. This practice has been referred to as ‘elite 
establishment’. The elite establishment of lucerne has 
tangible and proven advantages over cover-cropping 
in this western region.

Elite establishment failures are uncommon. Most of the 
problems that have affected elite swards relate to the 
incorrect depth of seed placement or to an unforeseen 
insect pest problem, such as aphids or locust. Most 
western farmers have successfully established elite 
stands during the drought years of 2002-09, while 
cover-cropped swards repeatedly failed across the 
region, due to moisture competition imposed by the 
crop seedlings.
The undersowing of cereal crops with pasture species is 
commonly known as ‘cover-cropping’. Cover-cropping 
has been popular with tablelands farmers since the 
1960’s. Many western farmers have considerable 
success with cover-cropping short season annual 
legumes species.
The success rate of cover-cropping lucerne in this 
region is much lower as it is very dependent on the 
moisture available at sowing time for root growth, and in 
spring to aid crown development. Anecdotally, western 

Bob Thompson, District Agronomist, West Wyalong.

Lucerne is the premier pastoral species supporting livestock and cropping enterprises in the western wheatbelt 
of New South Wales. The Newell Highway fairly neatly divides the states wheatbelt in two. Unfortunately only 
10% of western farmers plant lucerne. Most of the regions’ farmers cite the cost and risk of establishment 
failure, as impediments to the adoption of lucerne.
The successful establishment of lucerne in this region is very dependent on moisture management. Any 
significant moisture stress event during the first 15 weeks of establishment may have ruinous conse-quences 
for the long-term viability of the sward.
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farmers have been successful with covercropping 
lucerne in years when the September rainfall is more 
than 40 mm in this region.

CLIMATE CONSTRAINTS
Wet springs are uncommon to the western wheatbelt 
districts. More often the hot westerly winds in mid-
September, increases the competition for moisture 
between the cereal crop at the grain development 
stage and the lucerne seedlings needing to develop 
their crowns in a cover-crop situation.
The average September rainfall, as seen in Table 1, is 
approximately the 33 mm for the region. It is a brutal 
truth which is ignored by many farmers that over 50% 
of years (median rainfall) the region receives less than 
26 mm in September, which is insufficient for the 
survival of lucerne seedlings in a cereal crop.

Western Wheatbelt
Location Average (mm) Median (mm)

Coonamble 32 23
Warren 37 30
Condobolin 29 24
West Wyalong 36 28

Eastern Wheatbelt
Location Average (mm) Median (mm)

Tamworth 48 43
Wellington 45 39
Cowra 49 43
Wagga Wagga 45 43

Table 1: September Rainfall in the NSW Wheatbelt source Bureau 
of Meteorology.

The historical rain data provided by the Bureau of 
Meteorology gave probability of a site receiving 40 
mm or more - was 26% for Coonamble (32:122 
years); 26% for Warren (33:127); 23% for Condobolin 
(30:129); and 30% for West Wyalong (35:116). A point 
of interest was a third of those wet years fell between 
1962-1973, which coincided with the adoption of 
cover-cropping. It also should be noted, that 50% of 
these wet Septembers have above 60 mm of rainfall. 
In 2010 when the spring was so wet, the lucerne grew 
through the crops and impeded harvest. The delay in 
harvest resulted in yield loss and the down grading of 
the grain due to sprouting.

COVER-CROPPING SUGGESTIONS
To successfully establish the lucerne under a covercrop 
in this region, the seedling sward not only needs 40 
mm and more of September rainfall; but the moisture 

competition with the crop needs to be further reduced 
by employing novel practices.
Advice from the “successful” cover-croppers suggests 
the cereal crop needs to have its, yield potential 
reduced by 500 kg/ha, to spare enough moisture, to 
allow the lucerne seedlings to establish and produce a 
viable sward. This loss of yield is achieved by using a 
combination of practices that are known to cause yield 
loss in cereal crops; such as sowing late, using low 
seeding rates, and wider row spacing. Wheat is the 
usual crop of choice because it suffers yield penalties 
more readily than barley or oats.
To ensure enough moisture is available for lucerne 
seedling survival, the wheat seeding rate should be 
reduced to 10 kg/ha. The aim is to establish only 20 to 
30 wheat plants per square metre. It is advantageous 
to sow the wheat on a 35 cm row spacing or wider, 
with the lucerne planted in between. This is sometimes 
known as “skip-row” planting.
Approximately 30% of years have severe dry springs in 
this region. Substantial amounts of money can be lost 
in dry years because the undersown lucerne seedlings 
will still use moisture and phosphorus before they 
die. This competition for moisture and phosphorus 
between the two species has significantly lowered 
crop yields.
Moisture competition in a dry spring can also impact 
on the crop’s grain quality, reducing a prime hard wheat 
or malt barley crop to a lower value feed grade due 
to the excessive screening levels and low grain test 
weights. To minimise the financial penalties associated 
with pinched grain, select varieties that mature quickly 
and that have a consistently large seed size.

FINANCIAL ANALYSIS
Farming is a business and it is essential have an 
objective picture. The merits of the two establishment 
techniques require an incisive economic evaluation. 
The 2-year transition period of both systems needs to 
be evaluated to establish an accurate picture. Start by 
producing the relevant budgets. Four example budgets 
are supplied in the tables, below.
It is necessary to observe comparable agronomic 
practices, in order to produce an impartial economic 
assessment. It is very important to eliminate any bias 
that maybe rooted in old beliefs. Both systems need 
an equal standard of weed control and nutrition.
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With much of this region averaging 230 mm of rain 
between 1 May & 31 October; the dryland wheat 
crops that are dependant on in-crop-rainfall only have 
an average yield potential of 2.0 tonnes/ha for early 
sown May crops.
Delaying sowing reduces the length of the growing 
season which subsequently lowers crop biomass and 
grain yield. The yield potential of wheat crops in this 
region declines by 0.8 to 1% each day that sowing is 
delayed.
Crops sown in June; and that are undersown with a 
pasture, are commonly 30% lower yielding than early 
May sown crops. Delayed sowing will reduce yield and 
the water-use efficiency of a wheat crop; but that is not 

the same as ensuring moisture will be spared for the 
undersown pasture seedlings.
Most cover-cropping farmers are Phase-farming. That 
is the paddocks have a cropping phase of three or 
four years; after which the paddock is returned to a 
pasture phase for three to ten years. The lengths of 
both phases are dependant upon local rainfall, the 
paddocks “natural” productivity and the farmers’ fi-
nancial disposition.
Cover-croppers usually have 25-30% of their total 
crop area undersown, in most years. Lowering crop 
yield does not always guarantee that moisture will be 
spared for the undersown seedlings, but it will en-sure 
significantly lower financial returns for the farm.

Income ($/ha)
Yield 2.0 tonnes/ha APW Wheat @$200.00/tonne $400.00

Total Income $400.00
Variable Costs
Tractor Costs 1.00 hr/ha 130 PTO KW @$44.00/hour $44.00
Seed 50 kg/ha Wheat @0.20/kg $10.00
Fertiliser 50 kg/ha Starterfos @0.80/kg $40.00
Herbicide 20 g/ha Glean® @0.05/g $1.00

1.0 L/ha MCPA 500® @$5.00/L $5.00
Harvesting 0.24 hr/ha @ $47.13/hr $8.71
Cartage Del. Silo @ $10.00/tonne $20.00

Total Variable Costs $128.71
Gross Margin/Ha $271.29

Income ($/ha)
Yield 1.5 tonnes/ha APW Wheat @$200.00/tonne $300.00

Total Income $300.00
Variable Costs
Tractor Costs 1.00 hr/ha 130 PTO KW @$44.00/hour $44.00
Seed 25 kg/ha Wheat @0.20/kg $5.00

3 kg/ha Wheat @$7.00/kg $21.00
Fertiliser 50 kg/ha Starterfos @0.80/kg $40.00
Herbicide 0.8 L/ha Teflan 480® @6.75/L $5.40

2.0 L/ha Brominil®200 @$12.00/L $24.00
Insecticide 100 ml/ha Le-mat 290® @$40.00/L $4.00
Harvesting 0.24 hr/ha @ $47.13/hr $8.71

Table 2. Wheat Budget 2010

Table 3 continued over page...
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WEED MANAGEMENT
The need for effective weed control in the wheat crop 
(Table 2) the year prior to sowing lucerne is fundamental 
to success. Glean® or Logran® is used to control the 
common regional weeds such as annual ryegrass, 
wireweed, fumitory, spiny emex, Paterson’s curse, 
mustards, turnips and wild radish.
There is usually a post-emergent application of MCPA 
500® to control capeweed and thistles — especially 
saffron thistles which are common to the region, which 
are not controlled adequately by the sulfonylurea 
herbicides.
That same standard of weed control must also be 
observed in the 2010 cover-crop program (Table3). 
Glean® cannot be applied to control the ryegrass, 
fumitory and wireweed in lucerne. It is more appropriate 
to use Treflan 480Ò to control these three weed 
species in both seedling lucerne situations.
MCPA cannot be used on lucerne, so for equivalent 
broadleaf weed control as in Table 2, bromoxynil is 
applied to the cover-cropped lucerne at the 3-leaf 
stage to control spiny emex, capeweed, Paterson’s 
curse, thistles, mustards, and other broadleaf weeds.
The elite lucerne requires a diuron application for 
equivalent broadleaf weed control, as seen in Table 4. 
Diuron is not registered for use on lucerne in a cover-
crop situation.

NUTRITION
The same standard of crop and pasture nutrition must 
be observed. The cover-cropped wheat had 50 kg 
Starterfos/ha applied in 2010. However, 80% or more 
of that phosphorus was removed in grain. This will 
need replacing in the lucerne in 2011 if the pasture is 
to have an adequate supply of phosphorus to sustain 
an equal level of productivity.

Variable Costs $/ha
Tractor Costs 0.07 hrs/ha @ $33.12/hr $2.32
Spreader $100/day hire  
– 16 ha/hr work rate

$1.00

Fertiliser 50 kg/ha Starterfos $40.00

Total Variable Costs $43.32
Table 5. Cost of Topdressing Cover-Cropped Lucerne 2011. 
Note: Tractor Cost is based on 2010 price for 90 HP Tractor.

The elite established lucerne had 50 kg Starterfos/
ha applied at sowing in 2011.To maintain comparable 
pasture and livestock productivity, the lucerne that was 
established with the cover-crop in 2010 will re-quire 
topdressing in 2011.
Topdressing with 50 kg Starterfos/ha, will cost $40.00/
ha for fertiliser and $3.32/ha for spreading as seen in 
Table 5. The costings are based on treating 100 ha. 
The spreader’s hire cost would increase to $2.00/ha if 
only 50 ha were treated.

Table 3. Cover-Cropped Wheat & Lucerne Budget 2010

Table 4. Cost of Elite Lucerne Establishment 2011.
Note: Costs are based on 2010 price for a 160 HP tractor. Total tractor hours 0.63 hr/ha @ $44.00/hr.

Cartage Del. Silo @ $10.00/tonne $20.00

Total Variable Costs $167.11
Gross Margin/Ha $132.89

Variable Costs $/ha Totals ($/ha)
Tractor Costs 2 x Scarifyings $14.96

1 x Sowing $9.24
2 x Sprayings $3.52 $27.72

Seed 3 kg Lucerne seed (farmer dressed) $21.00
Fertiliser 50 kg Starterfos (11 kg P) $40.00
Herbicides 0.8 L Treflan 480Ò (wireweed & grasses) $5.40

1.0 L Diuron 500Ò $6.00
0.5 L Uptake OilÒ/100 L water $2.00

Insecticide 100 ml Le-mat 290Ò (earthmites) $4.00

Total Variable Costs $106.12
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COMPARATIVE ANALYSIS

System GM/ha 
2010

VC/ha 
2011

Net 
GM/ha

Cover Cropped $132.89 $ 43.32 $ 89.57
Elite Establishment $271.29 $106.12 $165.17

Table 6. Comparison of Lucerne Establishment Systems Over 
Two Years.
Note: GM = Gross Margin. VC = Variable Cost.

The financial difference between the two establishment 
methods when costed over 2 years in Table 6 above 
will surprise most farmers:
• The 2010 cover-crop program had a gross margin 

(GM) of $132.89/ha. Deducting the 2011 top 
dressing cost of $43.32/ha leaves a net or final GM 
of $89.57/ha over two years.

• The elite program had a 2010 GM of $271.29/
ha produced from the wheat less $106.12/ha 
for lucerne sowing in 2011, giving a final GM of 
$165.17/ha.

• Elite establishment has a $75.60/ha advantage over 
cover-cropping when costed over two years. The 
elite establishment was nearly twice as profitable 
as cover-cropping when properly costed.

In lower rainfall areas of the region, where yield 
potentials of crops are 0.5 t/ha lower; the grower 
can simply deduct $100.00/ha from the values in the 
2010 GM/ha and the Net GM/ha columns in Table 6 to 
ascertain the viability of cover-cropping.
In the east, where the average district yield potential 
of wheat crops are 3.0 t/ha or higher, the practice of 
cover-cropping becomes more economically feasible, 
as the yield loss is proportionally less.
In actual practice the financial advantage of the elite 
establishment program may be larger again when the 
wheat produced in 2010 is assessed for grain quality. 
In 2010 the APW price was $245.00 local depot. The 
elite wheat was grown on a soil with a high nitrogen 
history, in a paddock that was previously lucerne in 
2007. There may also be premiums for higher protein 
wheat to be paid to the elite system that are not shown 
in this exercise.
Penalties may also have been incurred against the 
cover-crop system for pinched or sprouted grains. 
Penalties ranged from $20.00/t in 2009 for pinched 
grain when grain supplies were short due to drought, 
to $90.00/t in 2010 for sprouted grain when there was 
an over-supply of feed grain on the domestic market.

POST-HARVEST MANAGEMENT
Another important point in favour of elite lucerne 
establishment is the value of post-harvest wheat 
stubble. There is typically 2% of wheat spilt in front of 

the harvester’s comb, or approximately 40 kg grain/
ha. This usually provides about 3 weeks of grazing at 
5 DSE/ha post-harvest; and is valued on average at 
$10.00/ha for grazing the stubble.
The cover-crop of wheat leaves weak and spindly 
lucerne seedlings post-harvest, which should not be 
grazed until there is sufficient crown development, 
which may not be until March 2011. By then the grain 
amongst the stubble has germinated and rotted away. 
In dry summers the grain residues in these pad-docks 
can sustain large mice populations.
Weak undersown lucerne plants often grow slowly 
and use moisture slowly; and in wet summers these 
paddocks are often overrun with weeds. These weak 
swards often contain potentially deadly infestations 
of white heliotrope, caltrope or witch-grass/hairy 
panic. These poisonous weeds will kill sheep, and 
they can significantly reduce a farm’s livestock profits. 
Controlling summer broadleaf weeds in these weak 
swards is almost impossible.

CONSTRAINTS TO ADOPTION
Many farmers who cover-crop lucerne cite time 
constraints, and the need to reduce wear and tear on 
their tractor as reasons for not using elite establishment 
methods. The total time required to establish an elite 
sward is about 40 minutes/ha of tractor time, and it 
is spread over an 8 to 12 week period, and accounts 
for the pre-sow-preparation, sowing and spraying, see 
Table 4.
The labour requirement needs to account for the 
tractor hours and downtime/maintenance. For each 
hour the tractor is in the paddock, there is a 30 minute 
allowance for downtime. This is a total of 60 tractor 
hours and100 man-hours per year to establish 100 
ha of lucerne. At a seeding rate of 10 ha/hr; 100ha of 
lucerne can be planted in a day.
Cover-cropping farmers say it’s the extra day to sow 
an elite pasture; it is a day when they do not have the 
time to spare at the peak crop planting-time and this 
is why they must cover-crop. To save the “time”, most 
of these farmers sow their cover-cropped paddocks 
last and the sowing is often in June. This is to lower 
a cereal crops’ yield potential and to hopefully spare 
water for the under-sown lucerne seedlings.
Unfortunately the June rainfall can be rather extreme in 
this region. When it is wet in May the following June is 
often very dry. While the cereal seed may be placed 50 
mm deep in moist soil, the lucerne seed is placed in 
the top 10 mm of soil, which is dry. The lucerne seed 
may not germinate until early August, when it has to 
compete with a tillering cereal plant.
If the cover-crop is sown last does the farmer actually 
save time in the overall sowing program? If time or 
labour is limited, an elite lucerne stand could be dry-
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sown before the break in mid to late April, when there 
are little other crop activities. These dry sown elite 
swards should then be well established in early to mid 
May. With average winter rainfall events the grazing of 
new lucerne swards may commence in early August.
An extra day sowing an elite pasture may save the 
time that is later spent on four months in hand feeding 
over summer. Time is like money, use it well. Time and 
labour needs to be efficiently managed not saved.
With respect to the wear and tear on the tractor, the 
elite system, may add 300 hours to a tractor’s working 
life over ten years. However these extra hours are 
unlikely to reduce the trading value of a ten year old 
tractor that would otherwise have 5,000 hours on the 
clock.

SUMMARY
Growers view should financially compare the economic 
impact of both establishment systems over the whole 
farm, across several years. Account for the differences 
in grain production and also consider:
• The elite farm that has 100% of pastures 

successfully established with lucerne;
Versus;
• The farm using cover-cropping methods usually 

has only 20% of pastures with lucerne and the 
other 80% of the farm’s pastoral area is composed 
is mostly annual crop weeds because the lucerne 
failed to establish.

Looking at the larger financial picture, the cover-
cropping farm would have significantly lower levels of 
animal productivity; increased hand feeding costs and 
labour/time required. Weedy pastures can make for 
weedy crops and increased herbicide expenditure.
The cover-cropper also would need to purchase 
urea to maintain comparable crop yields and grain 
protein levels. The actual cost of cover-cropping may 
be as high as $20,000 per year in lost productivity. 
It is important to consult with a financial advisor or 
accountant and work through the figures, in Tables 2 
to 6, using your own data and evaluate the impact of 
changing activities across the whole farm business.
With limited spring rainfall cover-cropping is not a 
practical method for establishing lucerne in the western 
wheatbelt. In a semi-arid region it is uneconomical 
for western farmers to use a high-rainfall tablelands 
practice like cover-cropping to establish lucerne. To 
sacrifice 500 kg/ha of grain yield, is about equal to the 
cost of elite establishment, in most years.
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Primefact 118. Economics of Pasture Improvement in 
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ECONOMICS OF PASTURE 
IMPROVEMENT IN THE 
WESTERN WHEATBELT.
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Maximising the profitability of pasture improvement is 
principally achieved by capitalising on the in-creased 
volume and quality of the forage. The potential 
profitability of pasture improvement is also de-pendent 
on a farmer’s agronomic and animal husbandry skills. 
Pasture improvement should also be aimed at more 
than just doubling the volume of feed to support twice 
as many stock; producing the same quality of product. 
A pasture improvement program should incorporate 
additional economic livestock improvements or gains 
such as:
• Increasing the fleece weight of each sheep;
• Improving the fleece quality and value e.g. less 

tender wool and/or higher yield;
• Reducing vegetable fault levels;
• Reducing mortality rates across all age groups;

• Increasing the weaning percentages;
• Increasing the daily weight gain of lamb and beef - 

to market a heavier carcase;
• Increasing liveweight gains in conjunction with 

premium market opportunities;
• Capitalise on summer rainfall events to produce 

quality feed and not weed growth;
• Reducing the annual cost of hand feeding and 

labour involved;
• Minimising the impact of drought on livestock and 

the soil resource;
• Reducing crop weed populations in paddocks.
To maximise profits from improving pastures; look 
for opportunities, analyse gains, and measure the 

ECONOMICS OF PASTURE 
IMPROVEMENT IN THE  
WESTERN WHEATBELT.

Bob Thompson, District Agronomist, West Wyalong

Pasture improvement has many merits and it is a profitable practice in the western wheatbelt. This Primefact 
is intended to provide growers, advisers and lenders with some ideas and to assist them with producing their 
own pasture budgets, setting financial goals and production targets. The economics of pasture improvement 
are more complex than analysing a cropping enterprise. There are more variables to consider and some of 
the costs are spread over the life of the pasture.
There are numerous scenarios and some unforeseen economic benefits to be consider. Pasture improvement 
activities will often indirectly benefit the future cropping returns from the paddock; and they can also improve 
the health of stock which can further increase livestock productivity. These benefits should be calculated and 
attributed to the pasture improvement efforts.
Unfortunately these indirect benefits are difficult for an accountant to identify and journal into a simple 
budget, but it may be possible to identify the value of pasture improvement, later when evaluating the Whole 
Farm Budget, by identifying the improvements in crop or stock enterprises.
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economic responses. Without measurement and 
documentation there is no real improvement.
A Merino ewe flock competition in West Wyalong 
highlighted considerable variations between the 
flocks. The variations in the flocks are improvement 
opportunities. There were a few variable factors relating 
to fibre style that were due to the genetic attributes of 
the bloodlines.
The bulk of the other flock difference related to pasture 
quality and husbandry skills. The main flock variables 
where lambing percentages ranged from 66% to 
105%; average wool cut ranged from 6.20 kg to 
8.24kg per ewe (the ABS district wool cut average is 
only 5.7 kg/ewe); the fibre ranged from 21.5 microns 
to 23.5 microns; fleece yields ranged from 63% to 
74%; vegetable fault ranged from 1.0% to 7.5%, and 
the hand feeding periods ranged from 6 to 20 weeks.
When a grower initiates a pasture improvement 
program there is an expectation to also improve on 
some of the above flock issues. By improving a three 
flock issues, each by just 10%, a grower may achieve 
a 30% lift in his Merino enterprises’ gross margin.

IMPROVING PASTURE
Pasture improvement really starts with utilising 
perennial forage species. Most perennial species have 
the potential to provide feed year round in this region, 
when there is adequate rainfall (35 mm per month). 
Perennial species also recover quickly from a drought 
event.
Annual species are a useful addition to a pasture mix; 
as these plants spread by seed and then colonise 
the bare areas in a pasture that would otherwise be 
occupied by weeds, and this maintain the high level of 
quality of the feed on offer, and reduces the need for a 
herbicide application (and associated costs). Spraying 
for weeds will also reduce the forage production of 
a paddock. Annual legumes are also important for 
providing nitrogen to perennial grasses.
Lucerne is the most commonly utilised perennial 
species in the western wheatbelt. Lucerne is grown on 
the more productive soils which rotate with wheat and 
barley crops. A lucerne pasture’s lifespan is usually 
determined by the cropping frequency of the paddock, 
with most lucerne swards having a 3 to 6 year lifespan. 
A productive lucerne pasture has the potential to 
produce 8,000 to 10,000 kg/ha per year in this region. 
A productive lucerne pasture in the western wheatbelt 
has at least nine mature lucerne plants per square 
metre, to maximise forage production, suppress 
annual weed species and prevent soil erosion.
The average monthly rainfall in this region is about 
35mm; a productive lucerne pasture has an average 
daily growth rate of 30 kg of forage per hectare per 
day (with a sufficient supply of phosphorus). The daily 

growth rate of a highly winter-active lucerne sward in 
this region; ranges from 10 kg/ha/day in winter to 160 
kg/ha/day in spring.
Graziers wanting a productive pasture that persists for 
10 to 20 years may choose to sow a perennial grass 
species. Grasses are often sown in paddocks with 
soils that are too acidic for lucerne or those paddocks 
predisposed to flooding and too wet for lucerne. Many 
cattle producers also prefer grasses over lucerne to 
minimise the risk of bloat.

THE COST OF PASTURE
As lucerne is the most widely adopted perennial species 
in this region, and it is convenient to use lucerne in 
the examples in this Primefact. Sowing a pasture is 
the main improvement cost. It is simple to calculate 
the cost of sowing a pasture. Table 1(below) identifies 
the typical cost of sowing an “elite” lucerne pasture; 
is $106.12/ha in the western wheatbelt. “Elite” simply 
means there was no cereal cover-crop. Calculating the 
cost of cover-cropping is more complex. Please read 
‘The Economics of Lucerne Establishment’ No: 119.

Treatments/ha $/ha Totals ($/ha)
2 x Scarify $14.96
1 x Sowing $9.24
2 x Boomspray $3.52 $27.721

3 kg Lucerne seed 
(farmer dressed)

$21.00

50kg MAP fertiliser (11kg 
P)

$40.00

0.8L Treflan 480 $5.40
1.0L Diuron 500 +  
Uptake Oil

$8.00

100ml Lemat 290  
(earthmites)

$4.00 $78.40

Total cost per hectare $106.12

Table 1: The Cost of Elite Establishment of Lucerne 2010.
Working costs are based on 2010 prices. Total Tractor Hours @ 
0.63 hours/ha @ $44.00/hour.

The establishment or improvement cost needs to be 
put in perspective; so we can set financial objectives 
and production targets. The establishment costs 
are spread over the lifespan of the pasture. This 
establishes the annual pasture cost ($/ha/year) and in 
conjunction with a livestock enterprise (gross margins); 
and this allows the merit of the pasture improvement 
to be evaluated.
Using the costings in Table 1; a paddock which has 
been sown down to lucerne for only 3 years before 
re-cropping; the annual cost is then $35.37/ha per 
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year. The annual cost may be reduced to $17.68/ha 
per year where the pasture has a productive life of 6 
years. Establishing the costs appropriate to your own 
situation; is fundamental to setting income goals and 
adjusting stocking rates.

BUDGETING
The first step towards profitable pasture improvement 
is to budget carefully and to objectively analyse your 
livestock enterprises and their earning potential. NSW 
DPI provides a range of budgets its’ web-site that 
may help with this exercise and with other enterprise 
assessments. It is important to then pro-gress past 
the livestock enterprise and to evaluate the earning 
potential of the pastoral area, as a live-stock product. 
The principle aim of the exercise is to convert feed to 
cash!
There are many different livestock products, and 
economists have developed a concept that enables 
producers to make objective comparisons. This 
concept in Australia is known as the Dry Sheep 
Equivalent or DSE. This concept takes the Gross 
Margin value per animal unit and then expresses that 
value relative to the units of feed eaten by the animal. 
The livestock enterprises can then measured in $ per 
unit of feed. That feed unit can be grain, hay, silage or 
pasture.
With pasture as the common feed unit the grazier 
can compare very different livestock products when 
contemplating changing the farm enterprise mix. It also 
allows the evaluation of pasture improvement. There 
are four simplified scenarios provided in this Primefact.
The DSE unit is now based on a 50 kg Merino wether 
and the fodder to maintain it in “store” condition. 
Please note, that some Merino wethers in the western 
wheatbelt are equal to 1.2 DSE. A western Merino ewe 
is equal to 2.1 DSE. Note that a 400kg steer would 
equate to 9 DSE in this region, but in it may be rated 
at 11 DSE on the colder tablelands districts. If you are 
unsure about an enterprises’ DSE rating, consult your 
District Livestock Officer.
That 50kg wether needs to consume one kilo (dry.wt - 
below 5% moisture content) of “good” quality pasture 
per day to maintain itself in “store” condition. What 
constitutes “good” quality pasture? The forage should 
have metabolisable energy value of 8 mega joules and 
have an 8% crude protein content per kilo of fodder. 
When the quality of feed falls below these parameters 
the wether will metabolise its own fat reserves to 
survive.
The wether needs to only eat 30 kg of “good” quality 
forage/month (or 365 kg/year) to maintain itself. Some 
forage in the paddock is trampled, soiled, spoiled or 
eaten by insect pests. The wether is really only able 
to utilize half the forage available in a paddock, so in 
crude terms, you would initially think to budget on a 

DSE being roughly equal to 730 kg of “good” quality 
forage/wether/year; to set the forage production 
targets and subsequent stocking rates.
Be mindful that while the wether only needs to eat 1kg 
of forage/day to maintain itself, it may in fact eat 1.5 kg/
day because it wants to, and he will subsequently get 
fat. Need and want are two different things, and you 
need to account for the want or risk a famine event.
The daily intake of a sheep is influenced by forage 
sweetness, plant architecture, tallness of the plants 
in a pasture, the prevailing weather, and the animal 
health. It is therefore advisable to budget on a DSE 
being roughly equal to 1,000 kg of “good” quality 
forage/wether/year. This also makes it easier to quickly 
set the forage production targets and subsequent 
stocking rates.

PASTURE UTILISATION
Turning pasture into meat, wool or milk is not a simple 
calculation. The utilisation of feed is highly variable. 
Individual lucerne paddocks have recorded utilisation 
levels as high as 80%, but most farms only utilise 20% 
of the total feed produced in a year. The wastage of 
pasture is influenced by stocking rate, grazing period, 
time of introduction, plant architecture, bitterness, 
rankness of the plant growth, landscape, paddock 
size, etc.
Pasture utilisation is very complex and this Primefact 
has taken a simple approach to make the scenarios 
easy to understand. Consult with your local District 
Livestock Officer and run the scenarios through the 
Grazfeed program to fine tune stocking rates and 
potential weight gains in your paddocks.
There are many pasture improvement scenarios with 
varying degrees of complexity. This Primefact contains 
four rudimentary pasture improvement scenarios which 
may assist with formulating a pasture improvement 
plan.
Table 2 below is a parametric budget or “ready-reckoner” 
which generates $/ha relative to an enterprise’s DSE 
value and stocking rate. The parametric budget can 
be used to make quick validations. It can also be used 
to explore opportunities. Once you have established 
a goal (GM $/ha), you can then easily indentify the 
combinations of stocking rate DSE/ha and the 
necessary $/DSE to achieve the goal.
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VALUING PASTURE IMPROVEMENT
A grazier, like any other business, requires a satisfactory 
return on their financial investment. The financial goal 
is to triple each dollar invested in each enterprise, to 
achieve a 5% Business Return (Farm Business Return/ 
Equity).Be mindful that we have simplified the focus 
in the scenarios to calculate the increase in forage 
production to identify a rewarding DSE a carrying 
capacity of a paddock. We have not attempted to 
account for the need to purchase extra stock to 
utilise the extra forage; and there are other options. 
Seek professional accounting advice when planning 
to purchase extra stock, to establish the merits and 
break-even points.
Many western farmers that have improved pasture 
paddocks have not purchased more sheep because 
they lack the necessary labour units and cannot get 
the extra shearers; and have chosen to swap 100 
ha of pasture for 100 ha of crop. Other farmers have 
diversified into a heavy export lambs enterprise which 
has a higher DSE value and a higher DSE requirement 
(3.2 DSE/ewe).

SCENARIO 1 - PASTURE IMPROVEMENT PAY $
This scenario is a simple pasture improvement of a 100 
hectare paddock using lucerne. The aim is to produce 
more feed in order to run more same stock, producing 
the same quality wool product. The lucerne pasture 
has a life of three years. To make the improvement 
exercise worthwhile, it is necessary to calculate the 
volume of the extra feed to be produced and the target 
stocking rate?
This farmer has a typical mob of Merino wethers for 
this region; each wether is cutting 6.5 kg of 23 micron 
wool, valued at $8.51/kg clean ($4.95/kg greasy). 
The wether enterprise has gross margin (GM) of 
$20.00/DSE. This grazier originally ran his wethers on 
‘unimproved pasture’, with a stocking rate of 1.5 DSE/

ha. This grazier is achieving a GM of $30.00/ha without 
any pasture improvement – see the box in Table 2. 
Note: these “unimproved” paddocks are rather bare 
for five months of the year. This farmer needs to hand-
feed for at least 6 weeks each year.
Taking the cost to establish a lucerne pasture ($106.12 
/ha) and spread it across a three year stand life. The 
annual cost of improvement is $35.37/ha. The goal is 
to achieve a threefold return on the monies in-vested 
to make it a worthwhile exercise, so the initial goal is 
$106.12 /ha per year.
However, we need to also consider the original gross 
margin of $30.00/ha that was achieved without 
improvement. This is a real value and it needs to be 
combined with the initial goal of $106.12/ha, which 
now increases the goal to a gross margin of $136.12/
ha per year to justify the exercise.
To establish the stocking rate to achieve this result, 
divide the goal ($136.12/ha) by $20.00/DSE. Using 
Table 2 (see the box in the central area of the table, 
you may need to round to the nearest number) and 
looking across establishes a stocking rate of 7.0 DSE/
ha. In pastoral or forage terms, the 7.0 DSE/ha (1,000 
kg forage/DSE) equates to 7,000 kg/ha of grazable 
forage per year. Note; it is advisable to budget for an 
extra 1,000kg/ha of plant material (not for grazing) 
to protect the soil resource from blowing away. Total 
forage requirement is 8,000 kg/ha.
This level of forage production is achievable for a 
productive lucerne sward; but 6,000 kg of forage/ha/
year is a stretch for a short-lived annual species like 
sub-clover in this region. It maybe possible for annual 
pastures to produce 8,000 kg of forage/ha in this 
region; if a deep rooted and long seasoned species like 
Zulu arrowleaf clover was in the sub-clover mix. Pasture 
improvement would also substantially reduce the need 
for hand-feeding over the late summer/autumn period.

Table 2: Parametric Budget Comparing Stocking Rate Against Potential DSE Values to Produce a Guide to Gross Margin GM ($/ha)
Note: All variable stock costs have been deducted to give Gross Margin as $/DSE.

DSE
per
hectare

Gross Margins ($ per hectare)

$10/DSE $15/DSE $20/DSE $25/DSE $30/DSE $35/DSE $40/DSE $50/DSE
1.5 15 23 30 38 45 53 60 75
2.0 20 30 40 50 60 70 80 100
2.5 25 38 50 63 75 88 100 125
3.0 30 45 60 75 90 105 120 150
4.0 40 60 80 100 120 140 160 200
5.0 50 75 100 125 150 175 200 250
6.0 60 90 120 150 180 210 240 300
7.0 70 105 140 175 210 245 280 350
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SCENARIO 2 - PASTURE PERSISTENCE PAY $
This scenario involves a farmer with the same quality of 
stock as the farmer in scenario 1, but this farmer has 
better agronomic and grazing management skills and 
is able to get six years of productive life out of the 100 
ha lucerne pasture.
When the improvement cost is now spread over 
six years; the annual cost is reduced to $17.68/ha. 
Multiple the annual cost by three for merit, and add the 
$30.00/ha from the original unimproved situation. This 
farmers’ goal is $83.04/ha. It is two-thirds the goal of 
the farmer in the first scenario.
With similar wethers and a $20.00/DSE, this grazier 
requires a stocking rate of 4.2 DSE/ha. This requires 
the pasture to produce just 5,200 kg of forage/ha of 
grazable forage per year. This figure includes the 1,000 
kg of material to maintain soil coverage. This level of 
feed production is easily achieved with lucerne and is 
now in the reach of sub-clover pastures in most years 
in this region.
Simply improving grazing management skills to extend 
the life of a lucerne pasture can easily produce very 
achievable goals and tangible financial results.

SCENARIO 3 - IMPROVED MANAGEMENT PAY $
This farmer has a mob of Merino wethers with 
above average fleece production, cutting 7.5 kg per 
wether, due to better animal selection and husbandry 
practices. Without complicating calculations; we keep 
the 23 micron and $4.95/kg (greasy) value. Increasing 
fleece weight by 15% in this scenario increased the 
DSE value by 25% and improved the gross margin to 
$25.00/DSE.
This farmer (as with scenario 1) maintains his 100 
ha lucerne stand for three years. The goal is still to 
generate $136.12/ha/year, and at $20.00/DSE (as with 
scenario 1) it required a stocking rate of 7.0 DSE/ha. 
By improving the DSE value to $25.00/DSE through 
selecting superior stock and better care, the stocking 
rate on this paddock could be reduced to 5.2 DSE/ha 
and still attain his goal. This level of feed production 
is easily achieved with a lucerne pasture and is in the 
reach of sub-clover in most years.
If this farmer also had the grazing management skills 
(as in scenario 2) and achieved a six year productive 
lifespan with the lucerne pasture, then the stocking 
rate could be lowered to 3.1 DSE/ha; to achieve the 
goal of $83.04/ha/year. You do not have to increase 
stocking rates greatly to capitalise on pasture 
improvement when flock parameters and husbandry 
skills are improved. This grazier is has more than 
doubled his original earnings ($30/ha in scenario.1 on 
“unimproved” pasture) and has doubled the carrying 
capacity of the existing pasture land which then allows 
for an increase in the cropping enterprises to further 

increase business income; and this also avoids the 
need to buy any additional livestock to utilise the 
additional forage.

SCENARIO 4 - PRIME PASTURES PAY $
Another simple scenario is to assess the economic 
viability of pasture improvement for a high value 
enterprise such as trading steers (or prime lambs). In 
this scenario, lucerne is used to replace a barleygrass 
pasture. It may also provide an insight into the merits 
for renovating the pasture paddocks that have been 
devastated by the recent drought event.
The average unimproved pasture in this region often 
produces less than 2,000 kg/ha of grazeable feed per 
annum and the quality is often only at the maintenance 
level for a wether. The steers could at best only utilise 
50% of the barleygrass on offer due to its prostrate 
plant architecture. At least another 10% of the material 
would be wasted with trampling and soilage (covered 
by dung).
It is reasonable to expect that a new elite sown lucerne 
pasture would produce at least 5,000 kg of grazeable 
feed/ha, between May and December, in that first year. 
Many farmers have cut new lucerne pastures for hay, 
to off-set the cost of elite establishment. Hay yields 
are often 6 to 8 t/ha. With hay at $150/t had a GM of 
$385/ha. Note the average moisture content of hay is 
15% to 20%.
Due to the erect plant architecture of the lucerne, the 
livestock are able to better harvest the plant material, 
than prostrate plants like barleygrass or sub clover. 
There is less soilage and wastage from trampling with 
lucerne due to the row-spacing. Lucerne paddocks 
can often achieve a 70% utilisation rate. There is 
5,000kg/ha of high quality available feed on offer in 
that paddock, of which 3,500kg/ha can be consumed 
by the steers.
With a typical feed conversion of 12% for cattle, the 
‘consumable’ pasture should be converted into 420 
kg of liveweight gain/ha. With a 50% carcass yield this 
equates to 210 kg/ha of beef. The value of beef (EYCI) 
is currently at $3.00/kg (or $1.50/kg live), thus grossing 
$630.00 of beef/ha. With a stocking rate of 5 steers/
ha; the opportunity cattle costs are about $45.00/
head (or $225/ha), the annual pasture cost at $35.37, 
and replacement of phosphorous (inc. spreading) at 
$25.00/ha; leaves a very rewarding GM of $345.00/ha.
Note: The feed conversions for live-weight gain is 15% 
for prime lamb breeds and 14% for Merino lambs 
should you wish to run a scenario for sheep. With the 
current lamb value at $4.50/kg and mutton at $2.80/
kg; the financial reward for pasture improvement is 
outstanding. Do the maths.
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ADDITIONAL BENEFITS
Farmers should also consider and cost the pastoral 
benefits that flow on to the cropping phase. The most 
obvious contribution is nitrogen. Research a Tamworth 
ARC suggests that lucerne “fixes” 25 kg of nitrogen 
per tonne of forage, per year.
A lucerne paddock producing 6.0t/ha of forage per 
year is estimated to have potentially “fixed” 150 kg 
nitrogen per hectare per year. After two years the soil 
nitrogen levels increase very slowly in subsequent 
years and rarely exceed 300kgN/ha, even after six 
years of lucerne.
Anecdotal reports from local farmers growing wheat 
following a productive lucerne phase suggest they 
have removed in excess of 10 tonnes of grain per 
hectare in total; from four consecutive wheat crops. 
This is over 200 kg of nitrogen/ha.
In contrast, wheat recovered from unimproved pastoral 
land produced only 4 tonnes/ha in total from four 
consecutive crops. Very similar results were produced 
in trials at Tamworth ARC from 1970 to 1978.
The extra 6 tonnes/ha of grain equates to at least 120 
kg of nitrogen per hectare removed in the grain. This 
would be equal to an application of 400 kg/ha of urea 
fertiliser. With urea valued at $500.00 per tonne. The 
value of that nitrogen from the pasture improved using 
lucerne is calculated to be worth $200.00/ha (400 kg 
urea/ha x $0.50/kg urea), which is of direct financial 
benefit to the cropping phase.

DISCUSSION
Pasture improvement in the western wheatbelt has 
the potential to be very profitable practice. The level of 
financial success from pasture improvement is strongly 
correlated to a farmer’s agronomic and livestock 
husbandry skills. It is advisable to take the time to 
develop:
• A physical plan, to improve pastures and livestock, 

with the assistance of your District Agronomist and 
Livestock Officer;

• Gross margin budgets for sowing the pasture and 
the livestock enterprise, with the assistance of your 
District Agronomist and Livestock Officer;

• An incisive whole farm budget, to produce an 
economic picture that extends over a 5 year period, 
with the assistance of your accountant.

Note: The preceding scenarios did not consider 
the need to buy in additional stock or to increase 
borrowings. The trend in recent years has been not to 
buy more stock due to the low value of wool, a lack of 
labour and shearers. Instead farmers have increased 
the stocking rate on the improved pastures; and to 
crop the surplus unimproved pasture paddocks. The 
average crop area of western district mixed-farms has 

increased from 25% of the arable land in 1990, to 36% 
cropping in 2010.
If you are considering purchasing additional stock to 
capitalise on pasture improvements, you may need to 
seek professional financial advice from an accountant 
to determine the feasibility of such a purchase.
There are very real limits to potential increases in feed 
levels and forage quality in western districts where 
the rainfall is 30 to 45mm per month. From the four 
scenarios it becomes evident that a close eye needs to
be kept on the input costs of pasture improvement to 
ensure profitability. This consequently imposes a limit 
on seed, pesticides and fertiliser inputs, but it is not 
advisable to compromise on sowing preparation and 
plant protectants.
When contemplating increasing seed and fertiliser 
inputs, it is advisable to trial test strips in a pasture 
paddock and then evaluate the results before large 
scale implementation. The responses achieved in 
the strip trials should be objectively measured and 
analysed before investing large sums of money in a 
whole farm pasture improvement program.
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HELP FOR FARM  
BUSINESS TO MANAGE 
PROFITABILITY & RISK.
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BACKGROUND
After 10 years of drought and then the subsequent wet 
year of 2010 farmers in the Central West realised how 
volatile their businesses have become. The Profit and 
Risk project was born from the feedback Central West 
Farming Systems (CWFS) was receiving from farmers 
wanting help in managing the ups with the downs, the 
dry and the wet. Farmers wanted to make their business 
more sustainable. These conditions left growers to 
feel that their farm profitability was at the mercy of the 
climate and their only tool to manage this risk was 
through agronomic improvements. Throughout this 
project the aim has been to put the power of control 
back in the hands of the farmer when they are faced 
with unfavourable climate conditions. The plan was 
to help increase their capacity to manage profitability 
and risk. There is an opportunity for farmers to improve 
their farm business health with long term sustainable 
goals whilst managing their risk.
Under the GRDC funded Low Rainfall Profit Risk 
Project Ed Hunt from Ed Hunt Agricultural Consultancy 
in 2013/14 ran a pilot project with a group of farmers 
from West Wyalong. John Minogue a local consultant 
was also involved to help give a local perspective 

on a broader scale. Through facilitation the farmers 
discussed what they thought an average farm would 
look like in the area. Together we built a model farm 
based on real farm figures for the West Wyalong 
district that we could apply different scenarios to and 
utilise our risk profile to manage our cash flow position.
The group discussions were invaluable in creating the 
model farm and provided all participants the chance 
to challenge their reasoning and risk position. All 
participants conveyed their own experiences and this 
formed the basis of the model farm.
The group discussed how the risk position of their own 
businesses has changed over time. Those businesses 
that have gone through succession planning talked 
about the Farmer that lived through the depression, 
droughts and war being conservative in their risk 
position versus the next generation that remembers the 
1970’s and late 1990’s with the run of good seasons 
and hence the risk takers.
What is does the model farm look like? We began with 
establishing the resources that were available. The 
soils were classified and quantified, the enterprise mix, 
basic agronomic applications and inputs.

HELP FOR FARM BUSINESS TO MANAGE 
PROFITABILITY & MANAGE RISK.

Sarah Jacobson Agronomist, Consultant to CWFS for the GRDC funded Profit & Risk Project

Take Home Messages
• Cash flow analysis shows the sensitivity of the farm business to varying seasons.
• Mixed Farming Systems are more sustainable in poorer seasons. However, they are not as able to capture 

the large profits in the better years (Decile>5).
• Leasing provides opportunity for business expansion when a business is in a low equity position.
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As with any model there are some basic assumptions 
that are made. These included assumptions on fixed 
overhead costs (rates, water, insurance, and power), 

machinery, crop inputs, crop yield potential, live-stock 
type income and costs, and pasture costs.

Location West Wyalong

Climate Records West Wyalong Airport 
Decile 5 424mm ave rainfall

Farm Size (Arable Land) 1585ha

Soils 30% Sandy 
35% Sand Loam 
35% Heavy Soil

Land Value $1976ha $800/acre

Overdraft -$500,000

Equity 85%

Machinery Invested $54/tonne produced

Cropping System (Land Allocation) Wheat = 45% 
Barley = 27% 
Vetch = 3% 
Canola = 22% 
220ha Pasture 
460ha Grazed Winter Pasture

Table 1: Case study farm assumptions

The tables 2 and 3 show the yield potentials for the 
various decile years.

Wheat Yield 1 3 5 7 9
Zone 1% 
Sand

0.5 1.6 2.2 3 4

Zone 2%
Sandy Loam

0.5 1.6 2.2 3 4

Zone 3% 
Heavy

0.5 1.6 2.2 3 4

Average 
Yield (t/ha)

0.5 1.6 2.2 3.0 4.0

Table 2: Wheat Yield

To include risk into the equation it is best to view the 
farm performance over the range of rainfall deciles 
and a range of seasons. This model uses a cumulative 
cash flow and then break even analysis enabling model 
users to picture the overall result. This shows how 
sensitive the farm business is to various seasons and 
business structures reflecting our various risk profiles.

Lupin Yield 1 3 5 7 9
Zone 1 0.2 0.6 1.1 1.5 1.9

Zone 2 0.1 0.5 0.9 1.3 1.7

Zone 3 0 0 0 0 0

Average 
Yield (t/ha)

0.0 0.1 0.2 0.3 0.4

Table 3: Lupin Yield
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Graph 1: Annual Profit of Mixed Farm as listed above.

Graph 2: Annual Profit of 100% Cropping with 85% equity.

The mixed cropping model farm which we have 
described above is breaking even just below decile 
four. The loss in a decile one year being -$233,000 
but the Annual cash profit in a decile 9 season close 
to $400,000. The equity after a decile one year would 
reduce to 77 % but increase to 97% in a decile 9 year.

What if we take livestock out of the picture and are 
100% cropping on our model farm the cash flow 
position changes as shown below in Graph 2.

This is with 500ha wheat, 300ha Barley, 245ha Canola, 
100ha Lupins and no livestock. The starting equity is 
85% also.The win is greater but the loss is also larger 
in a decile 1 year. Those 100% croppers amongst us 
will argue often it is the time the rainfalls that matters or 
they reduce inputs according to the seasons progress. 

These all reflect our varying attitudes to risk and need 
to be taken into account when utilising the model farm 
as a business tool.
What happens when we reduce the equity to 65% 
from 85%. In the mixed cropping farm which is shown 
below.
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The equity reduced down to 55% in a decile 1 year and 
increased to 75% in a decile 9 year. The breakeven 
point also increased with associated extra finance 
costs of lower equity.

When we look at the 100% cropper if we take starting 
equity of 65% the equity drops to 52% in a decile 1 
year and 75% in a decile 9 year.

Graph 3: Annual Profit Mixed Farm with 65% equity.

Graph 4: Annual Profit 100% cropper and 65% equity.
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The breakeven point for the 100% cropper with a 
lower equity is now at a decile 6 year. It is also worth 
considering what the consequences would be the 
following year.
After some discussion the group decided their model 
farm really best represented the mixed farmer in West 
Wyalong. With many of the 100% croppers often have 
larger areas than the model was using. These variables 
can all be adjusted on a one on one basis to reflect 
your business. But the group agreed it was worthwhile 
to look at the consequences of dropping livestock 
from the equation.
Livestock provided consistent income, despite poor 
seasonal conditions and helped to buffer the business 
against interest costs when consecutive losses were 
realised. It was clear from this analysis that mixed 
farming systems in this environment have the capacity 
to withstand a consecutive run of poor seasons more 
effectively than those without a livestock enterprise.
The group established that a business that did not 
adjust its strategy after a run of poor seasons puts 
itself at significant risk. We then discussed the options 
available to help build capacity in our businesses.
An option available to farmers for their business strategy 
is a reduction in farm inputs. The model assumes 
variable costs for wheat at $99/ha. However a business 
could adopt the strategy to reduce the variable costs 
in response to each consecutive poor season. For 
example, starter fertiliser was maintained for the first 
two poor seasons, but was reduced to maintenance 
rates in the subsequent seasons. This was adopted by 
many farmers in the most recent drought. Other costs 
that the group looked at reducing were wages, and 
drawings to help business sustainability in the lower 
decile years.
Leasing was an option that some farmers are using 
to help manage the variation in cash flow. Leasing 
provided an additional income stream but losses can 
be minimised when conditions are not as favourable. 
The group agreed Leasing if available was a safer 
option for business expansion for businesses with a 
lower starting equity. The variable lease means the 
farmer does not take all the risk and allows the land 
owner to share some of the risk.
Now the model farm has been reviewed by the group 
all agree this is a useful business tool which helps in 
planning and management decisions. The group are 
keen to have others use the model and give feed-back 
for further uses or applications that can help all farm 
businesses to be more sustainable.
The best business structure and enterprise for one 
farming business may not be the best for another as 
farming is not a one size fits all model.
For further information, please contact Sarah Jacobson 
on 0427 487 346 or sarah.nils@bigpond.com
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MANAGING FOR  
PROFIT & RISK 
MANAGEMENT.
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OUTCOMES:
The outcomes of the project are complex and vary 
from region to region but overall there is no doubt that 
it has played an important role in establishing farm 
business as an important area. So what we present 
here is a broad summary of outcomes:
• Farm business skill programs are being demanded 

by a wide range of farmers and consultants and 

have now become a core component of most 
groups. In several cases further projects have been 
developed using a wide range of funding.

• Some regions concentrated on teaching the basics 
of farm business to younger farmers.

• Two groups have used the project to support about 
40 people, usually women, gaining the Diploma of 
Agribusiness.

MANAGING FOR PROFIT  
& RISK MANAGEMENT.

Geoff Thomas, Manager, GRDC funded Low Rainfall Project

Farmers have been seeking guidance for years as to how they can improve the fit of their various farm 
systems components to improve profitability and reduce risk.
In the past a lot of attention has been placed on agronomic considerations and hence a concentration on 
varieties, rates, seeding dates, row spacing type work. Similarly with livestock we have seen work on grazing 
cereals and other crops. While all of this has a place, farmers are now seeking more and more advice on how 
they fit the various technologies together to best effect. That “best effect” no longer just means production 
as it often did in the past – farmers now see profitability, reduced inputs and management of risk as the major 
drivers.
The Low Rainfall Project established an initiative funded by GRDC in which local staff worked with farmer 
groups to develop “model “ farms based on real local figures and use this to explore various on farm issues
The intent of the project has been to focus on decision making in terms of profitability rather than productivity 
alone, taking into account the risks associated with the production and marketing process. Consequently, 
the project has heavily focused on the economic consequences of decision making. It recognises that each 
manager will have a different attitude to risk which will in turn, influence the decision process. A prescriptive 
process is not seen as the solution, what works well for one farmer will not necessarily work well for his 
neighbour.
The project has aimed to improve decision making amongst local farmers by improving the knowledge 
and understanding of the economic relationships which exist in our farming systems, and improving skills 
of participants to assess particularly the economic consequences of their decision making in critical areas 
within their farm business.
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• In several cases local accountants have been used 
in the programs adding to their knowledge base 
as well as that of farmers and consultants. Both 
accountants and consult-ants are seen as key 
players in the future development of farm business 
skills.

Some of the main areas addressed by farmers through 
the use of their local farm models have been:
• Any analysis of the farm business based on averages 

is misleading at best and often dangerous. Analysis 
must take into account the impacts of good and 
bad seasons.

• The risk management focus needs to be on 
methods to limit downside losses in poor years 
without substantially compromising gains in better 
years.

• The merits of buying vs leasing vs share farming.
• The importance of succession planning and 

overcoming the barriers to expansion.
• The best balance between livestock and cropping 

on farm.
• The importance of planning cropping programs 

and inputs according to the different capabilities of 
various types of land on the farm using the options 
of crop type/variety, livestock, or leaving paddocks 
out altogether if the seasonal opening is dodgy.

• The importance of capital investments in managing 
risk and making the right machinery decisions 
based on need/reliability and not just on tax 
considerations.

• The need for researchers and farmers to assess 
research outcomes in terms of the impact on the 
whole farm business in terms of profit and risk. The 
model farm approach allows this.

Taking the Mallee as a case in point, the following 
“messages” arose from the analysis by farmers, issues 
which have application across the entire low rainfall 
farming zone:
• It is difficult (both financially and practically) to 

maintain nitrogen inputs in long term continuous 
cropping farming systems. Profits in the high 
rainfall seasons are being constrained as farmers 
are unwilling to fertilise to the levels required to 
reach potential yields. More ‘natural’ nitrogen is 
required farming systems through more frequent 
legume phases in paddock rotations.

• Farmers are relying on expensive chemical bills to 
maintain current high input farming systems which 
is in-turn increasing risk. Lower cereal intensities 
and a greater proportion break crops and pastures 
in the rotation are required.

• Livestock play an important role in moderating 

financial losses incurred from crop-ping in poor 
seasons. Business that choose to remove livestock 
need to find alternative methods to reduce risk. 
Examples include finding greater off farm income 
or maintaining higher levels of equity.

• Maintaining investment in machinery is a large 
cost and increases risk considerably. Generally, 
greater critique of machinery investment decisions 
is required by considering carefully what type 
of machine is required to reliably complete the 
task required. Shifting a greater proportion of 
machinery investments into profitable seasons is 
an-other strategy to reduce financial exposure in 
poor seasons.

SO WHERE TO FROM HERE?
Apart from the groups continuing to roll out the results 
of this project there will be further development in two 
main areas:

“THE DEVELOPMENT OF A 
SIMPLE TOOL FOR FARMERS 
AND CONSULTANTS TO USE 
WITH THEIR OWN FIGURES TO 
ASSESS VARIOUS DECISIONS.
AND
THE FURTHER APPLICATION, 
WITH CSIRO TO USE THE 
TOOL TO ASSESS RESEARCH 
RESULTS IN TERMS OF THEIR 
IMPACT ON PROFIT AND RISK 
ON FARM”.
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SILVERLEAF NIGHTSHADE 
DEMONSTRATION
FINAL REPORT 2013
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2000-2013 COMMERCIAL HERBICIDE 
DEMONSTRATION
SLN is an intractable weed because it is not a simple 
single plant but an expansive rhizomatous colony. The 
main herbicide demonstration (large and unreplicated 
plots) was established on 24th November 2000, in a 
pasture paddock and consisted of nine single plots.
The selection of products at the March 2000 meeting; 
was based on the successful products used in 
previous trials and the registered products & rates 
used by farmers. The demonstration was based on a 
split treatment strategy, as used in the trails of Barney 
Milne.
The rhizomatous nature of SLN makes it impossible 
to actually identify individual plants. The data collected 
in this demonstration was based on counting the 
stems emerging from the rhizomes. The size of each 

individual plot was 10x50 metres. The sample area for 
the stem counts was a 4m wide section that ran down 
the centre of the plot and for a length of 50m; this was 
to minimise the potential for counting stems that may 
have emerged from rhizomes coming from colonies in 
the adjoining plots. The initial stem count for the plots 
ranged from 966 to 1,508 in November 2000.
Herbicides treatments in these demonstrations were 
applied with 75 litres water/ha at a pressure of two 
bars to produce large droplets, and usually at 9.00am. 
Stem counts were taken at the begin of each spring 
when new stems were initiated, this was to evaluate 
the effectiveness of the late summer- berry application 
on damaging the rhizome buds and the depletion of 
starch reserves in the rhizomes.
An early spring treatment was applied 4 to 5 weeks 
after the first stems emerged; killing the first cohort 
of stems was intended to compel the SLN plants to 

SILVERLEAF NIGHTSHADE 
DEMONSTRATION.

R.B Thompson, District Agronomist, West Wyalong & Temora

The Silverleaf Nightshade (SLN) project has run for twelve years, it has been a collaborative effort involving 
NSW DPI staff, Linda Stockman-CWFS, Glenn Neyland, Noxious Weeds Officer Bland Shire Council and 
Ungarie SLN farmers group, particularly Harry Rowling (Chairman) and Malcolm & Kaye Forrest who setaside 
two hectares of land for the demonstrations. We were very grateful the earlier trial work of Barney Milne, 
Weed Research Officer (retired), Orange ARI.1986-1993 and that Dow Agro Sciences supported the group 
and supplied most of the herbicides for this work.
In mid-2006 we were fortunate that the SLN group was supported by two Research Agronomists (Weeds) 
Hanwen Wu and Rex Stanton, with NSW Department of Primary Industries at Wagga Agricultural Research 
Institute. They were funded for three years by Meat & Livestock Australia (MLA) to research the innovative 
management of SLN and prairie ground cherry. Rex was involved in herbicide field trials, seed bank & rhizome 
studies, and the eucalypt allelopathy study. Hanwen coordinated the funding, the DNA studies and the 
grower workshops.
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expend a considerably amount of the starch reserves 
stored in the rhizomes and to produce an even second 
emergence of stems. This should then produce a 
uniform flowering event and development of berries in 
late summer, which in turn should maximise the impact 
of the herbicides applied as the second treatment.
The second treatment was targeted at early berry 
development. The aim was to sterilise the seeds, 
stop future flower development and to maximise the 
translocation of herbicides with the flow of soluble-
carbohydrates down into the rhizomes to increase 
the level of injury to the buds on the rhizomes. Many 
species of summer growing perennial forbs translocate 
carbohydrates from their shoots into rhizomes, crowns 
or tubers in late summer or autumn.
The earlier SLN trials conducted by Barney, found that 
there was an issue with physically wetting this plant 
with spray. This weed has an unusual leaf surface and 
it is therefore hard to get the herbicides into the leaves. 
The trials conducted by Barney to evaluate adjuvants, 
identified Caltex Summer Oil® (CSO – and formerly 
Ampol Summer Oil®) as the most effective penetrating 
adjuvant to aid in the control of SLN. CSO was a 
839.g/L petroleum oil and registered as desiccant 
aid for cotton and for scale insects on citrus. It then 
cost $0.35/litre. CSO was used in the demonstration 
until stocks were exhausted in 2010, when Caltex 
Broadcoat® was used; it is a similar product with 846 
g/L petroleum oil.

TREATMENT 1 - THE CONTROL AREA
The SLN had not been spayed since 1999. The 
stem count in the first year (2000), found there were 
1,358 SLN stems in the “controls” sample area (a 
density of 6.8 stems/m²). Stem populations fluctuated 
significantly over the twelve year period due to the 
drought. Stem counts fell to their lowest number in 
2006 when only 8 stems could be found in the sample 
area (0.04 stems/m²).

TREATMENT 2 - GULGONG FARMERS BMP
Some of these farmers had claimed that applying 2,4-
D amine (500g/L dimethylamine salt) with a summer oil, 
each month had eradicated SLN from their pastures. It 
was not always possible to apply this treatment each 
month at the Ungarie site due to prevailing drought 
conditions. Local the treatments were only applied 
when the new stems were present. The plot received 
on average three treatments per year. In 2010/11 the 
plot received five applications. The years 2005, 06 and 
08 there were only two treatments were applied, as the 
paddock was grazed bare by livestock and there was 
no subsequent inter-seasonal regrowth.

TREATMENT 3 - THE RURAL SUPPLY STORE BMP
Many sales staff have claimed that fluroxypyr (Starane 
200) has given significantly superior control of SLN, 

compared to either 2,4-D amine or ester formulations, 
and that is why they recommend it. In 2001 this 
treatment was costing $20.25/ha, plus the oil.

TREATMENT 4 - BARNEY’S BEST BET
Previous trials had shown that with the later application 
of glyphosate 360 or 450g/L products and with a 
higher 2.0 litre/ha rate of CSO, at early berry formation, 
had produced the best results in his 1986-1993 trials.

TREATMENT 5  - OLD FAITHFUL
The traditional early application of 2,4-D amine followed 
by a later dose of 2,4-D ester 800g/L. This was the 
traditional treatment for SLN, it quickly burnt-off the 
stems and reduced the vigour of the colonies but it 
was pretty ineffectual strategy, as it had not eradicated 
SLN in thirty years but it was useful as benchmark for 
inclusion in this demonstration.

TREATMENT 6 - THE BIG HOPE
Tordon 75-D is registered for the control of SLN at spot 
spray rate of 600 ml/100L water; and at 15 L/ha for a 
boomspray application. It was hoped that the picloram 
in the Tor-don 75-D would have more impact on the 
rhizome buds than the stand-alone 2,4-D amine or 
ester products. Initial advice suggested to use Tordon 
75-D at double the rate registered in wheat and not to 
use a crop oil.

TREATMENT 7 - MCPA IS BETTER
The hope was if Tordon 75-D was to be better than 
2,4-D amine the product, than a picloram product with 
MCPA might damage the SLN more than a picloram 
product with 2,4-D. Other trials with perennial plants 
such as lucerne and horehound showed that 2,4-D 
caused rapid visual damage to plants but most plants 
recovered later; where the MCPA was less visually 
spectacular and slower to wilt, but the MCPA actually 
killed most of the lucerne and horehound plants.

TREATMENT 8 - CANOLA SPECIAL
There were tantalising rumours that some southern 
farmers growing TT canola around The Rock, near 
Wagga, had eradicated SLN with atrazine. The 
atrazine was applied to the Un-garie plots in March in 
most years, where as the atrazine would have been 
applied to most of the canola crops as a pre-emergent 
treatment, around The Rock from mid April to late May.
Treatment.9 Sorghum Special. There were tantalising 
reports that some northern sorghum growers had 
eradicated SLN with an atrazine application. This 
herbicide regime is the reverse of the “Canola Special”.

DISCUSSION
The results for this demonstration are shown in the 
following tables 1 & 2. All of the herbicide treatments 
reduced the number and vigour of spring stem 
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production. As a general observation - all of the 
herbicide options reduced the production of spring 
stems by about 85% of the control plot, and those 
stems were also reduced in height to 50-150mm, 
compared to the stems produced in the control plot 
that were 400-600 mm tall. The persistence of drought 
conditions often made operations difficult. The early 
stem treatments were applied as early as practically 
possible.
The early-berry spray treatments were applied to all 
plots each year, but the drought also created problems 
with those second treatment applications. In several 
years the SLN colonies struggled in late summer to 
produce new stems, often over 50% of the stems that 
emerged failed to produce flowers; and very few of 
those stems that manage to produce flowers in 06 & 
08. Even fewer stems had sufficient vigour to produce 
more than a few berries. Conditions were also less than 
ideal for the translocation of soluble carbohydrates and 
herbicides into the rhizomes.
The proposed monthly applications of 2,4-D amine 
for the Gulgong BMP treatment was often difficult 
to achieve, as most summers were very dry and 
there was often no regrowth in the plots following 
first application (in October) until the following April. 
Applying 2,4-D amine six times a year, as per the 
Gulgong BMP, is a very costly regime and over 12 
years it was an investment of $650.00/ha. I want to see 
some evidence of eradication before recommending 
this monthly regime, in preference to just two seasonal 
applications.
The fluroxypyr (Starane 200) results obtained in 
the first three years looked promising; but over 12 
years, fluroxypyr did not produce significantly better 
results than the 2,4-D amine or ester formulations in 
this demonstration. With so many generic fluroxypyr 
products now on the market it is now at least price 
competitive with a 2,4-D amine treatment.
The Tordon 75-D treatment did not produce significantly 
better results than applying 2,4-D. I also think that was 
a mistake not to have used a crop oil with the Tordon 
75-D. Tordon 242 appeared to be more damaging to 
SLN than Tordon 75-D but it did not eradicate the SLN. 
We should have also used a crop oil with this product.
While Barney’s earlier trials had shown that the later 
application of glyphosate 360 or 450g/L products, at 
early berry formation, had produced the best results, 
it was not significantly better results than the 2,4-D 
amine or ester formulations in this demonstration. One 
point to note, is that glyphosate products with active 
ingredient levels of 540g/L or higher contain different 
adjuvants to keep the glyphosate in solution, and these 
products with the higher active ingredient levels don’t 
seem to translocate into the SLN plants rhizomes. 
If you are interested in glyphosates I suggest that 
you have a read of Kondinin’s Farming Ahead report 

No.206, March 2009, p.28.
SLN has demonstrated a significant sensitivity to a 
foliar application of atrazine but the “Canola Special” 
and “Sorghum Special” regimes applied over 12 years 
failed to eradicate SLN. In all probability the farmers 
that claimed to have eradicated SLN with a single 
atrazine application may have misidentified queana or 
some other solanaceae species as SLN. Weed control 
is expensive and in some wet summers it may be a 
practical option to crop problem paddocks with a grain 
sorghum or Sudan grass, to cover weed control costs. 
Please note that if atrazine is applied as a pre-emergent 
treatment, on to the soil, it may not afford any control 
of SLN. Atrazine usually stays in the top 5mmm of the 
soil surface but SLN stems seldom produce roots in 
that area, so the plant won’t pick-up any atrazine.
After twelve years of diligent herbicide applications, 
none of the products succeeded in eradicating SLN; 
therefore no one product was superior to the other 
treatments. The goal was to have a treatment, with no 
stem recordings in that plot, for three seasons to prove 
an effective eradication was attained.
The herbicides that are current available will effectively 
suppress and limit the spread of this weed. After 
twelve years, I have concluded that none of the 
current commercially available herbicides when used 
in isolation has the potential to eradicate this weed.
When there is a report of a successfully eradication 
of SLN; it is essential that an agronomist experienced 
with identifying this weed; inspects the site and sends 
tissue samples of the remanent plants to Hanwen Wu 
at Wagga ARI for DNA validation. Growers should 
not dismiss reports of an eradication event; the early 
reporting and an early inspection of the site is an 
extremely valuable opportunity.
Finding a population of “kill-able” SLN would be a very 
important discovery; as it may provide information for 
the control other the other populations in the future. 
To date Hanwen has identified four distinctly different 
DNA populations of SLN in eastern Australia. With each 
DNA group the plant physiology is widely variable. At 
Ungarie there were 36 different plant types but they all 
shared the same DNA profile.
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THE SECOND HERBICIDE DEMONSTRATION
Based on some promising results that Rex Stanton 
produced at the Narrandera trial site with 4.0.L/ha 
Grazon Extra® and 4.0 L/ha Tordon 75-D® in 2008/09, 
a second herbicide demonstration to evaluated high 
rate herbicide applications was established at the 
Ungarie site in October 2010, and next to the existing 
demonstration.
At the initial SLN planning meeting in March 2000, 
for the design of the first demonstration, nobody 
had identified the need for these high rate herbicide 
treatments as it was considered to be too expensive. 
The label or registered broadacre rate of 15.0 L/ha 
of Tordon 75-D® was disregarded for inclusion the 
demonstration as it was considered impractical at 
$540.00/ha in 2000, and there was no plant-back data 
available. Grazon® DS was not registered for SLN in 
2000 and still is not registered for that purpose.

The second site was a pastoral area that was sown to 
Aurora lucerne and Angel Strand medic (SU tolerant 
variety) on 7th April 2009. This demonstration adjoined 
the original and it shared the “Control” data. The 
treatments were unreplicated and the plots were about 
500m² in size. The stem numbers for the “Control” 
plot shown in table.3 is the same stem data for the 
“Control treatment” in the first demonstration shown 
in table.2; however that data was multiplied by 2.5; 
to give context to the results (as seen in table 3.) for 
comparison against the five herbicide treatments in 
this demonstration, as all stems in the plot area were 
counted.
The site (excluding the “Control” plot) was initially 
sprayed at first stem emergence on 8th October 2010. 
Plots: 3 to 6 were treated with 1.50.L/ha 2,4-D amine 
500® and Broadcoat® oil. Plot.2 was treated with 
Glean® and Uptake® oil. The principle products for 
treatments 2 to 5 were applied at early berry formation 
on 7th March 2011. The Graslans® (plot 6) arrived 
latter and was spread on the 7th April 2011.
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DISCUSSION
The summer of 2010/11 was very wet with 574mm 
of rain recorded by the 22ndMarch 2011. The first 
treatments were applied 25thMarch 2011, the plants 
were in good condition for the foliar absorption of the 
herbicides and the translocation of the pesticide into 
the rhizomes.
It was a very dry winter following the applications, 
between 1st April and 1st October 2011 there was 
128mm from 41 rain events; and 70mm of that rain fell 
in August and September. There was no expectation 
of the products eradicating 100% of SLN in the first 
spring of 2011. There should have been useful soil 
reserves of residual herbicide for root-up-take in the 
2011/12 summer.
The 2011/12 summer was also wet with 475mm falling 
between 1stNovember and 30thMarch 2012, summer 
conditions were conducive for the growth of SLN and 
the root-up-take of herbicides. There were high hopes 
that in November 2012 that some plots would be free 
from SLN stems.
Unfortunately none of the plots were free from SLN in 
November 2012; the “Control” area produced 1,050 
stems which suggest the autumn conditions were 
adequate for herbicide root-up-take. The stems in the 
treated plots were greatly reduced in number (see table 
3), but those surviving stems appeared to be in good 
health and evenly distributed through plots 2 to 5. The 

products did not achieve their objective of eradication.
Plot.6 was treated with tebuthiuron, the active ingredient 
of Graslans™ and 80% of SLN stems counted in 2012 
were observed to be within 2 metres of the plot edges. 
It is possible that many of those stems were suckers 
encroaching from colonies outside the Graslans™ plot. 
All the stems inside the boundary of the Graslans™ plot 
were very yellow, stunted and appeared to be dying. 
The tebuthiuron was very effective in the eradication 
100% of the lucerne and strand medic plants.
Chlorsulfuron eg Glean® was vigorously reported by 
an Ungarie farmer as successfully controlling SLN 
in his wheat paddocks, so it was included in the 
demonstration. The chlorsulfuron was very effective 
with killing the SLN stems after each application, but 
not the actual colonies. The stems recorded in the plot 
in 2012, were reduced in number (see table 3), but the 
remaining stems appeared in good health, prior to re-
treatment later that day.
In other summer fallow trials chlorsulfuron was found to 
be very effective against established quena plants and 
seedlings; and preventing any subsequent emergences 
of quena seedlings. Chlorsulfuron merits research 
in the future for summer fallow applications against 
other solanaceae species such as quena, Western 
nightshade, Buffalo burr and Datura/thornapples.
The strand medic (SU tolerant variety-Angel) endured 
the chlorsulfuron applications (100 g Glean®/ha in 
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total-over three years) although forage production was 
notable reduced in both March of 2012 & 2013. Very 
few of the lucerne plants endured the five chlorsulfuron 
applications.
The summer of 2012/13 was also wetter than usual. 
While there was only 187mm over the November-
March period, 120mm fell in February and March 2013; 
so there was sufficient moisture available to enable the 
SLN to take-up any remaining herbicide residues.
The 10th April 2013 was the last field day at the 
site, with 28 farmers, 9 Agribusiness attending, and 
Hanwen & Rex. Plots 2-5 contained over 100 stems in 
April and they all appeared to be rather vigorous. There 
was general agreement amongst the group attending 
that the products have failed to eradicate the SLN. In 
contrast, plot.6 the Graslans™ treatment contained 
about two dozen SLN stems in the plot (all very yellow 
and stunted) and 70% of those stems were within a 
metre of the edges of the plot.
Tebuthiuron merits further evaluation. While tebuthiuron 
would not be an economic solution to treat a general 
paddock infestation ($150.00/ha), it may have potential 
application for the treatment of new infestations or 
small well-defined patches.

ALLEOPATHIC MANAGEMENT INITIATIVE
Several years ago I received correspondence that 
alleged; South Australian farmers had successfully 
employed five species of eucalypts to eliminate SLN 
and other weedy forbs from beneath their branches. 
The first four species planted at the Ungarie site were 
the Gimlet- E.salubris, Swamp Mallet- E.spathulata, 
Dun-das Blackbutt- E.dundasii and Dundas Mahogany- 
E.brockwayii. Bland Shire Council provided the initial 
funds for purchase of 120 eucalypt seedlings, the 
planting and the boundary fencing in June 2003.
Unfortunately several tree seedlings expired due to the 
drought or were taken by hares in 2004. Bland Shire 
Council funded tree guards in 2005. New tube stock 
was ordered for replanting but unfortunately these 
species were not available until the following year.
With MLA project funds we were able to replace the 
trees that were lost in 2004, with new tube stock in 
the winter of 2007. In the winter of 2008 we planted 
another interesting eucalypt specie the Blue Mallet- 
E.gardneri, along with Western grey box and Bimble 
box trees for comparison purposes. Many of the trees 
planted in 2003 are now over 6 metres tall and have 
begun to provide some tantalising signs of displacing 
the SLN and other forbs, particularly saffron thistles, 
Paterson’s curse and spiny emex from around their 
base.
The five eucalypts of interest are all indigenous to a 
low rainfall region (250-300mm) between Lake Grace, 
Merredin, Kalgoorlie and Lake Dundas in Western 

Australia. Each species has its own individual appeal 
to farmers - some species are short-lived, they range 
in height from 5-20m, they have various shapes and 
suit a diverse range of soil types.
The Ungarie site received over 200mm of rain during 
the 2007/08 summer period. Summer weed species 
including SLN grow vigorously everywhere, well not 
quite everywhere. There were very few SLN stems 
within three metres of the trunks of the eucalypt planted 
in 2003. The replacement trees planted in 2007 grow 
quickly and most were two metres tall by late February, 
and they were also free from forbs for with-in a metre 
of their trunks, in fact the nearby plants were mainly 
grass species. Something that was only farm folklore 
now looks to have a real potential for development into 
a new bio-herbicide.
With the MLA project funding; Rex has been able 
validate the alleopathic properties of the first four 
eucalypt species, in preventing the germination of SLN 
seeds. All four of the candidate eucalypts reduced 
the germination to less than 5% and retarded the 
root development of the seedlings that managed to 
germinate.
Rex evaluated an extract from Yellow box and another 
extract made from capeweed as controls. Neither of 
these two extracts showed any effect on retarding the 
germination or development of SLN seedlings
This is the first glimmer of hope in years, to find a silver 
bullet for SLN and potentially other intractable forbs 
such as prairie ground cherry, lippia, St John wort, 
fireweed and blue heliotrope. Ideally, it was hope that 
with the re-newel of MLA funding, Rex could expand 
the evaluation of the extract (this time including the Blue 
mallet) and identify the effective particulants molecules 
and bottle them for field trials.
Unfortunately MLA decided not to refund the project in 
2010. Malcolm has indicated that he is happy to retain 
the tree site on his property, but the hope to develop 
a bio-herbicide has now been put on the back-burner.
The current restructure of NSW DPI will remove our 
future involvement in SLN control works. Growers will 
have to seek-out and lobby organisations like CWFS 
and the local council Noxious Weeds network for 
assistance with acquiring research funding for SLN 
control.

SUMMER ACTIVE PERENNIAL GRASSES
Eradicating SLN using only herbicides appears to be 
very doubtful. It is therefore time to consider how to co-
exist with the problem weed; at least for the next few 
years. It is necessary to identify options and implement 
cost-effective strategies that prevent the spread of 
the weed and suppress the infestations. The options 
should not be a drain on the farms cash reserves or a 
strain on ones mental health.
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SLN survived a decade of drought by accessing the 
moisture stored deep in the soil. To weaken this weed 
we need to reduce the supply of deep soil moisture 
reserve available; and summer active perennial 
grasses with an appropriate herbicide regime may help 
to greatly reduce the SLN infestations and increase 
livestock profits.
An exerted increase in the competition for the deep 
stored soil moisture may be a more effective tool 
against this weed than herbicides. Not all plant species 
exert they same level of competition. To date lucerne, 
phalaris and many native grasses have failed to exert a 
reduction in SLN infestations.
Many of the exotic tropical grasses such as Digitgrass, 
Fingergrass, Bambatsi panic and Rhodes grasses are 
very deep rooted plants may have promising potential 
against SLN. The root systems of these grasses have 
been measured to reach as deep as 1.8m. These 
grasses when grown with annual legumes can have 
high quality forage with 18-22% crude protein contents 
and 8-10 ME.
A small plot of Premier digitgrass on Racecourse Farm 
at West Wyalong 2001-03 had produced 70 to 100kg/
ha of fodder per day over the summer months; when 
storm events produced 50mm of rain per month. In 
northern New South Wales, digitgrass had a peak daily 
forage growth rate of 140kg/ha of fod-der per day (Dry.
Wt), totalling 16 tonne/ha for the summer period.
The faster a summer grass can convert that moisture 
in the soil profile into forage, the greater the reduction 
in summer weed establishment. Farmers that wean 
lambs in late spring may also appreciate the fresh 
green feed supply. It is also worth remembering that 
1,000kg of high quality fodder roughly equates into 75 
kg of lamb, and at $4.00 a kilogram this is an attractive 
incentive to evaluate the summer grasses.
Once established these summer grasses are very 
durable. The main area for local research is with 
improving the establishment practices in southern 
NSW. We have had three attempts at establishing a 
range of perennial grasses at the Ungarie site. Species 
for evaluation were digitgrass, Bambatsi panic, consol 
lovegrass, cotton panic, windmill grass, wallaby grass, 
Rhodes grass, redgrass, cocksfoot and phalaris. 
These grasses were sown with a strand medic.
Unfortunately a dry summer beat us once and 
twice now the grasses have been washed out by 
thundestorms, the last time we had over 120mm two 
days after sowing. Surprisingly the thunder storms did 
not affect the establishment of the strand medic.
I established a small patch of Premier digitgrass (2x2m) 
(using hand raised seedlings) in the Gulgong BMP plot 
(2,4-D treatment). That small patch has survived for 
five years. After the first season there were no more 
SLN stems found amongst the digitgrass plants. These 

grasses will grow and persist in the south-west, and 
they have some exiting potential. We need to establish 
a large paddock grass demonstration site.
In April 2013 it was noted that there were several 
volunteer digitgrass seedlings growing around the 
Gulgong BMP plot. Just to the east of Weethalle in 
2013, a lot of new Bambatsi seedlings were observed 
to be growing on the edge of the road. We need 
some local research with improving the establishment 
practices for these grasses in southern NSW.
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NITROUS OXIDE 
EMISSIONS IN GRAIN 
PRODUCTION SYSTEMS.
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NITROUS OXIDE EMISSIONS IN  
GRAIN PRODUCTION SYSTEMS.

De-Anne Ferrier (BCG) and Ashley Wallace (DEDJTR)

BACKGROUND
Nitrous oxide (N2O) is a greenhouse gas which has 
worldwide agricultural, environmental and societal 
implications. Part of the reason for this is that it has 
a global warming potential (GWP) 298 times that of 
carbon dioxide. GWP is a measure of how much heat 
a greenhouse gas can trap in the atmosphere by 
comparison with carbon dioxide (Trenkel 2010).
As dryland farmers, growers in the Wimmera and 
Mallee have a twofold concern in this context: the 

imperative to conserve as much nitrogen as possible 
in their system, and to limit their contribution to the 
emission of any gas with high GWP.
N2O is mainly produced by two chemical processes: 
nitrification and de nitrification. The presence of 
favourable levels of nitrogen, soil carbon, soil 
temperature and moisture influences these processes 
(Figure 1).
Figure 1: Two key processes (nitrification and denitrification) 
contributing to N2O generation in agricultural soils. (Source 
DEDJTR).

Take Home Messages
• N2O losses appear to be minimal from dryland low to medium rainfall farming systems; peak emissions of 

only 4.0 gN2O-N/ha/day were measured following rainfall.
• N2O emissions from legume stubble over summer and with synthetic fertiliser applied in-crop were low.
• An increase in soil water was the major driver of N2O emissions.
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Previous work in low and medium rainfall environments 
has generally shown that N2O losses tend to be small 
when compared with the amount of nitrogen required to 
grow a crop. The focus of this work was to understand 
the level of N2O emissions from different dryland 
farming systems and to investigate options to improve 
nitrogen efficiency with the aim of ensuring that grain 
productivity was maximised relative to N2O emissions. 
Scenarios which were tested include: emissions from 
different stubble types over summer (pulses v. cereals) 
and the use of inhibitor treated fertilisers such as:
• Nitrification inhibitors (ENTEC urea) which delay 

the conversion of ammonium to nitrate (Figure 1)
• Urease inhibitors (Green urea) which delay the 

hydrolysis of urea into ammonium
• Polymer coated and controlled release fertilisers 

which slowly release N, potentially over longer 
periods.

The theory behind each of these products is that if 
they can slow the release or conversion of nitrogen 
through the soil, then it may be possible to avoid some 
of the N2O emissions associated with nitrification 
and denitrification. This has been a collaborative 
project between a number of farming systems groups 
including: BCG, CWFS, EPARF, MSF, SFS, UNFS.

AIM
To measure N20 emitted by vetch, field peas and 
wheat stubble over summer and to determine whether 
top-dressed inhibitor-treated and slow release urea 
products influence N2O emissions.

TRIAL DETAILS
Table 1. Details and inputs of N2O flux demonstration 
trials at Condobolin, Mildura, Jamestown and Horsham

Location Condobolin (NSW) Mildura (Vic) Jamestown (SA) Horsham (Vic)
Farming Group CWFS MSF UNFS BCG

Year 2014 2014 2013 2013

Soil type Clay loam Sand Three zones – Sandy 
loam,

Clay

Rainfall over 
N2O monitoring 
period

26 Feb – 9mm
1-2 March – 60mm

14 Feb – 16mm
15 Feb – 49mm
20 Feb – 2.2mm

17 July – 20mm
(evening after top-
dressing)

13 Aug – 4mm (morn-
ing before sampling)
14 Aug – 3mm
16-23 Aug – 19 mm

Crop types Field pea stubble Wheat, Field pea 
and Vetch stubble

Barley Wheat

Sowing date - - 27 May 9 May

Sowing fertiliser - - DAP @ 60kg/ha MAP @ 55kg/ha

In-crop fertiliser 
treatments

- - GS30 (17 July)
sandy loam – 85kg/
ha urea
sandy clay loam – 
55kg/ha urea
clay loam – 40kg/ha 
urea

GS 31 (14 Aug)
46 kgN/ha for all 
products including: 
granular urea, Green 
urea, ENTEC, pol-
ymer coated slow 
release urea

N20 meaurement 
dates

26 Feb
3 March
10 March

13 Feb
15 Feb
21 Feb

16 July
18 July
24 July

13 Aug
15 Aug
23 Aug

METHOD
Demonstration scale measurements of N2O emissions 
were collected following fertiliser application or 
rainfall. These were measured from sealed PVC static 
chambers of approximately 30cm diameter, positioned 
on farm in small plots or in large paddocks. N2O was 
drawn from airtight chambers via medical syringes 
into evacuated vials. N2O flux measurements were 
collected at intervals of 0, 30 and 60 minutes one day 

prior to, one day after, and approximately seven days 
following a rain event.
Ambient and soil temperatures were also measured 
and soil (0-10cm) was collected to enable testing for 
moisture and nitrogen at each sampling. Samples were 
analysed by the Queensland University of Technology.
Four different demonstrations to measure N2O 
emissions were established as follows:
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(i)  Field pea stubble at Condobolin, February 
 March 2014
(ii)  Wheat, field pea and vetch stubble at Mildura, 
 February 2014
(iii)  Barley on three soil zones at Jamestown (sandy 
 loam, sandy clay loam and clay loam), top 
 dressed with urea at rates of 85, 55 and 40kg 
 urea/ha)
(iv)  Wheat at Horsham to which different nitrogen 
 fertiliser products were applied: granular urea, 
 Green urea (urease inhibitor), ENTEC 
 (nitrification inhibitor) and polymer coated slow 
 release urea.

RESULTS AND INTERPRETATION
Condobolin (central-west NSW)
N2O data collected from field pea stubble (2t/ha of 
biomass) prior to, and following, 69mm of February/
early March rainfall indicated an immediate rise in 
N2O emissions following rainfall; eight days later they 
had fallen to near zero levels (Figure 2). The peak in 
emissions ranged from 2.3 to 4.0gN2O-N/ha/day, 
demonstrating the level of variability across the site.

Figure 2. N2O flux from 
field pea stubble at 
Condobolin prior to and 
following 26 February, 
9mm and 1-2 March, 
60mm.

Jamestown (mid-north South Australia)
Nitrogen was applied at rates of 85, 55 and 40kg urea/
ha to three soil zones, sandy loam, sandy clay loam 
and clay loam (Figure 4). N2O flux was measured the 
day before and the day after 20mm of rain, and then 
again seven days later. Emissions quickly increased 
after rainfall where 55 and 40kg/ha of urea had 

been applied. When measured seven days later, this 
increase had subsided. The effects of rain on the 85kg 
/ha of urea were inconsistent with these findings. 
These were lower, with peak emissions being highest 
at the final sampling. Measured peak emissions from 
this demonstration, ranging from 2.0 to 3.0gN2O-N/
ha/day, were similar to other emissions measured.

Figure 3. N2O flux from 
various crop stubble 
at Mildura prior to 
and following 65mm 
of rainfall from 14-15 
February, and 2.2 mm 
on the 20 February 
(BOM, Mildura Airport).
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Horsham (Wimmera - Victoria)
N2O flux from the application of 46kgN/ha as polymer 
coated urea, ENTEC urea, Green urea and granular 
untreated urea were compared with a control to 
which no urea had been applied (Figure 5). Limited 
rain prior to the first and second measurement (after 
4mm and then 3mm, respectively) meant that peak 
emissions for the majority of treatments did not occur 
until the final sampling, when an additional 19mm had 
fallen intermittently during the previous week. Peak 
emissions were very small, but the highest was from 
the granular urea, 1gN2O-N/ha/day. However, given 
that the control (nil treatment) had the second highest 
emissions, there was no indication of increased 

emissions from adding nitrogen fertiliser at this time of 
the year to this soil. A potential explanation for this may 
be that in this situation, soil moisture levels (possibly 
also soil carbon and temperature) may have been 
insufficient to generate larger N2O losses and at the 
level observed they may not have been limited by N 
supply.
It was observed that the polymer coated urea was 
still visible on the soil surface at the third sampling, 
following 21mm or rainfall. This product was designed 
to be used at sowing and the fact that it could still 
be seen long after it had been applied highlights that 
fertiliser products should be used at the appropriate 
time in their appropriate environment.

Figure 4. N2O flux 
following various top-
dressed rates of urea 
prior to, immediately 
following and one week 
after fertiliser application 
and rainfall occurring on 
July 17 at Jamestown.

Figure 5. N2O flux, nil 
control and inhibitor 
treated and slow 
release urea prior to, 
immediately following 
and one week after 
fertiliser application and 
rainfall.
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COMMERCIAL PRACTICE
Nitrous oxide emissions measured after rain from 
various stubble in summer, or from top-dressed urea 
products in-season, were low. Emissions generally 
increased following rainfall, most likely due to higher 
soil moisture levels stimulating the soil microbes 
responsible for nitrification and potentially also de 
nitrification.
Differences in N2O emissions from various nitrogen 
sources were difficult to measure because of the low 
emission levels produced. The highest peak emission 
measured was 4.0gN2O-N/ha/day from the field pea 
stubble in February following 69mm at Condobolin. 
If emissions reached a maximum of 4.0gN2O-N/ha/
day for 365 days, annual emissions would equate to 
1.5kgN2O-N/ha/year, however the likelihood of this 
occurring is low for low rainfall cropping. Previous 
studies, such as those summarised by Barton et el. 
2014, indicate that emissions from various systems 
can range between 0.3 to 16.8 kgN2O-N/ha/year, 
making results from this study comparatively low.
While N2O loss appears to be a low risk in low rainfall 
environments, higher potential losses may come 
from other processes such as ammonia volatilisation 
following urea fertiliser application without follow up 
rainfall and nitrate leaching in sandy soils. In higher 
rainfall environments, where soils are wetter for longer, 
more denitrification is likely to occur, resulting in higher 
N2O emissions. However, under severe waterlogging, 
denitrification may produce not N2O, but di-nitrogen 
(N2) which is not a greenhouse gas (see Figure 1).
Overall, any loss of nitrogen from the system is a 
limitation to production and profitability. Practices that 
avoid over application and minimise nitrogen losses 
and unnecessary emissions should be adopted.
Tools available to assist with nitrogen application 
decision-making include soil testing, modelling 
programs such as Yield Prophet®, seasonal weather 
outlooks, N rich strips to indicate potential responses 
in-season and precision agriculture technologies. 
Before investing in inhibitor-treated fertiliser products, 
growers should be clear about how they work, what 
are the potential gains and the probable impact of their 
use on the bottom line.

ON-FARM PROFITABILITY
If we assume a theoretical paddock where maximum 
emissions of 4.0 gN2O-N/ha/day (1.5kgN2O-N/ha/
year) occurred, then the nitrogen loss would be only 
$1.62/ha/year, assuming $500/tonne of urea.
Greenhouse gas emissions are reported in carbon 
dioxide equivalents (CO2-e) and this emission level is 
the equivalent of 702kg of CO2-e. At a carbon price 
of $23/ha, the value of N2O emitted would be $16/
ha/year. However, as mentioned above, the likelihood 

is that emissions for low rainfall cropping systems are 
far lower than the 1.5kgN2O-N/ha/year, which means 
that the cost of emissions loss would be less.
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EFFICIENT GRAIN 
PRODUCTION COMPARED 
WITH N2O EMISSION.
N2O losses from wheat sown into 
various vetch stubble treatments.
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EFFICIENT GRAIN PRODUCTION 
COMPARED WITH N2O EMISSION.

De-Anne Ferrier (BCG) and Ashley Wallace (DEPI)

BACKGROUND
Most cropping farmers try to carefully match inputs of 
fertiliser application to crop demand. The major driver 
for this is economics because inapropriate nitrogen (N) 
fertiliser application equates to dollars lost; something 
that farmers can ill afford.
Nitrous oxide (N2O) is a greenhouse gas which has 
worldwide agricultural, environmental and societal 
implications. Part of the reason for this is that it has 
a global warming potential (GWP) 298 times that of 
carbon dioxide. GWP is a measure of how much heat a 
greenhouse gas can trap in the atmosphere compared 
with carbon dioxide. N2O is mainly produced by two 
chemical processes: nitrification and denitrification. 
The presence of favourable levels of nitrogen, soil 
carbon and moisture influences these processes 
(DAFF, 2011).
Previous work in low and medium rainfall environments 
has generally shown that N2O losses tend to be small 
when compared with the amount of nitrogen (N) 
required to grow a crop. As a result, the focus of this 
work was to investigate options to improve nitrogen 
efficiency and ensure that grain productivity was 

maximimsed relative to N2O emissions. 

AIM
To measure N2O losses from a wheat crop grown into 
vetch that was terminated via different end uses and to 
measure the effect on wheat yield and quality.

METHOD
Static chambers were placed in vetch treatments that 
were terminated 17 September 2012 (hay, brown 
manure, incorporated, grazed x 2 [8 June, 25 July] 
and harvested for grain on 13 November (Table 1). 
A complete randomised block design was used to 
compare 2013 grain yield and quality.

Take Home Messages
• Nitrous oxide losses following rainfall from a wheat crop sown into vetch stubble that was terminated in 

various ways in the previous year were low: ~ 1.5 g N/ha/day or less.
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Demonstration scale measurements of N2O emissions 
occurred in 2013 and were measured from sealed 
PVC static chambers of approximately 30cm diameter 
positioned between crop rows of 30.5cm (12 inch) 
spacing.
N2O was drawn from airtight chambers via medical 
syringes into evacuated vials. N2O flux measurements 

were collected between 12pm to 3pm at intervals of 0, 
30 and 60 minutes; one day prior to (11 July), one day 
after (15 July) and approximately seven days following 
a rain event (July 22 GS14,22). Ambient and soil 
temperatures were measured and soil (0-10cm) was 
collected to enable testing for moisture and nitrogen 
at each sampling. Samples were analysed at the 
Queensland University of Technology.

Table 2. Horsham rainfall 11-22 July 2013.

2012 Treatment 2012 End Use Termination treatment
Hay 17 September Mowed, residue removed from plots *
Brown Manure 17 September 2L/ha Roundup PowerMax, 300ml Lontrel

Incorporation by 
cultivation

17 September Disced 
2L/ha Roundup PowerMax, 300ml Lontrel

Grazed x2 8 June, 25 July
17 September

Simulated grazing by mowing  
2L/ha Roundup PowerMax, 30

Harvest (control) 13 November Header Harvest

LOCATION Birchip

REPLICATES 4

SOWING DATE 3 May

SOWING RATE 70kg/ha

CROP TYPE CLF Elmore Plus wheat

FERTILISER At sowing 30kg/ha Granulock Supreme Z + Impact

SEEDING EQUIPTMENT BCG Gason parallelogram cone seeder (knife points, press wheels,30cm row 
spacing)

RAINFALL GSR – 156mm; Annual 186mm.
16.2mm fell the evening before the second sampling (Table 1).

RESULTS AND INTERPRETATION
2013 pre-sow soil nitrogen and pre-sow soil water.

Date 11 12 13 14 15 16 17 18 19 20 21 22 Total
mm 0.0 0.2 9.6 6.6 0.2 0.2 0.0 1.6 1.8 2.0 0.2 0.0 22.4

Table 1. 2012 Vetch end uses
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2012 
Treatment

Yield (t/ha) Protein (%) Test wt (kg/hL) Screenings (%) 1000 grain weight

Cultivated 2.3 15.2ab 77ab 21a 21b

Brown Manure 2.1 16.0a 75bc 33a 19c

Grazed 2.1 14.1bc 80a 14b 24a

Control 1.9 15.4ab 74c 35a 19c

Hay 1.8 13.1c 80a 12b 25a

Sig. diff.
LSD (P=0.05)
CV%

NS
14.0

<0.001
1.6
7.2

<0.001
1
2

<0.001
6
36

<0.001
2
5

WHEAT YIELD AND QUALITY
Wheat yield ranged between 1.8 t/ha to 2.3 t/ha, and 
there was no significant difference between the 2012 
vetch termination treatments (Table 4).
Protein was 13% or above for all treatments; the hay 
treatment had the lowest and brown manure the 
highest protein of all the termination treatments. These 

results corresponded to the amount of soil N at sowing 
for the wheat crop.
Brown manure vetch had a higher soil N and soil water 
than vetch taken through to harvest, but the fol-lowing 
wheat crop hayed off (low yield with high screenings) 
possibly due to low growing season rainfall (Decile 2 
season). The least hayed off treatments occurred where 
biomass was removed; hay and grazed treatments.

N2O FLUX
N2O fluxes measured at this site were typical of much 
of the data collected during this project, with fluxes 
generally less than 1 g N/ha/day. Most treatments 
responded to rainfall with a corresponding increase in 
soil moisture and increased emissions at the second 
sampling day. However, clear differences between 

treatments did not appear to align with differences in 
soil N as the brown manure treatment exhibited the 
highest mineral N levels across the three sampling 
days, but it did not produce the highest emission 
except on day three. Spatial variability is a major 
factor when investigating data from static chambers 
(unreplicated).

Table 3. Vetch end use termination treatment effect on pre and post-harvest soil nitrogen and soil wa-ter (0-120cm) and in crop soil N 
sampled in July.

Table 4. Wheat yield and quality parameters.

2012 vetch 
termination 
treatment

2013
pre-sow soil 
water (mm)
0-120cm

2013
pre-sow soil 
nitrogen (kgN/
ha)
0-120cm

2013 
(11.7.13)
In crop soil N 
(kgN/ha)
0-10cm

2013 
(15.7.13)
In crop soil N 
(kgN/ha)
0-10cm

2013 
(22.7.13)
In crop soil N 
(kgN/ha)
0-10cm

Cultivated 57 66b 63 38 29

Brown Manure 70 85a 90 64 56

Grazed 67 78ab 53 40 33

Harvest 
Control 54 71ab 86 47 44

Hay 51 44c 62 33 40

Sig. diff.
LSD (P=0.05)
CV%

NS
32

0.004
17
15
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Figure 1. N2O flux for various 
vetch end use treatments and 
mean soil moisture (0-10cm) 
prior to, im-mediately following 
and one week after rainfall 
occurring on the 11-22nd July.

COMMERCIAL PRACTICE
Findings of small N2O losses align with previous work in 
low rainfall environments, indicating a relatively low loss 
of N as N2O from the cropping system. Anecdotally, 
higher N2O emissions may arise from legume stubbles 
following rainfall in the warmer summer/autumn 
months. More field based data may be needed to 
validate this.
This study also showed that ‘haying off’ can occur if 
wheat is grown in a low rainfall season following a vetch 
crop that was terminated later in the previous season, 
where spring and summer rainfall was also low.
Soil testing, paddock history, seasonal forecasts and/
or Yield Prophet® will continue to help growers improve 
nitrogen use efficiency per unit of N2O emitted.
This project which includes the LRCC of which CWFS 
is a member along with SFS is continuing this year.
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TO GRAZE A DUAL-PURPOSE WHEAT CROP.
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Slow pasture growth rates during winter limit the potential gross margins from autumn and early winter 
lambing in southern New South Wales (NSW) by limiting stocking rates and/or increasing supplementary feed 
requirements. Dual-purpose crops can reduce the winter feed gap in mixed-farming systems by increasing 
the available feed in winter. The simulation software AusFarm was used to model a mixed-farming system 
at Wagga Wagga with Merino ewes joined to terminal sires and grazing lucerne-subterranean clover pasture 
over a 41-year period. A paddock of dualpurpose wheat was then added to the system, and ewes were 
allowed to graze the wheat crop when feed on offer reached 850 kg DM/ha and before GS31. Weaned lambs 
were sold after late August if lamb growth rates fell below 20 g/head.day, mean lamb weight reached 45 kg 
or production feeding of lambs was required. Lambing in June resulted in the highest median gross margin 
whether or not ewes were able to graze the wheat crop during winter. Grazing of a dual-purpose wheat crop 
resulted in greater proportional increases in gross margins as stocking rate was increased, increased lamb 
production and reduced supplementary feeding costs, and reduced interannual variability in gross margin 
returns.
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INTRODUCTION
A range of lambing times are used across Australia 
and at a local level (Croker et al. 2009; McGrath et 
al. 2013). Lambing in spring in southern Australia 
generally allows the period of maximum demand of 
the ewe-lamb unit to be met by pasture, whereas 
lambing in autumn requires additional supplementary 
feeding to meet demands during winter when pasture 
growth rates are slow (Shallow 1996). Importantly, 
lambing in spring may allow higher stocking rates than 
autumn lambing (Trengove 1990) and stocking rate is 
a key driver of profitability (Warn et al. 2006). Despite 
this recommendation many producers continue to 
lamb in autumn (Croker et al. 2009). One reason for 
this, particularly in a meat-production system, is the 
opportunity for lambs to grow out to meet market 
requirements (Reeve and Sharkey 1980; Freer et al. 
1994; Sackett and Francis 2006). Carrying capacity is 
affected by growing season length (Saul and Kearney 
2002) and the optimal lambing time, in terms of gross 
margins, will depend on factors such as the length of 
the growing season and the sale policy used (Warn et 
al. 2006; Robertson et al. 2014, this issue). 
Dual-purpose crops such as wheat (Triticum aestivum) 
are now an important part of the feedbase in mixed-
farming systems in southern New South Wales (NSW; 
McMullen and Virgona 2009; McGrath et al. 2013) and 
can increase livestock production during the winter 
compared with lucerne (Virgona et al. 2008). Rather 
than replacing an area of sown pasture in mixed-
farming systems, dual-purpose crops can increase the 
feed quantity available if a portion of the spring wheat 
is replaced by a dualpurpose wheat that is sown earlier 
and grazed during the winter (McMullen and Virgona 
2009). The opportunity cost is therefore any reduction 
in grain yield from grazing the dual-purpose crop 
compared with the ungrazed spring wheat. 
This modelling study sought to identify whether the 
time of lambing resulting in highest median gross 
margin was altered in southern NSW when ewes were 
able to graze a dual-purpose wheat crop sown in 
April. In this model, grazing of crops was considered 
opportunistic given that, if a spring wheat had been 
sown instead of a dual-purpose wheat, this area would 
not be available to graze; the ewe stocking rate was 
therefore calculated based on the area of pasture and 
excluding the cropped area. A lucerne-based pasture 
was modelled, being a widely used pasture in mixed-
farming systems in the area, and with advantages 
for both nitrogen fixation and livestock production 
(Humphries 2012). A flexible selling system with no 
production feeding, where lambs could be grown out 
to heavier weights if seasonal conditions allowed, was 
modelled.

MATERIALS AND METHODS
Simulation modelling was conducted using AusFarm® 
version 1.4.7 (www.grazplan.csiro.au/, verified 10 
July 2014), which allows the GRAZPLAN and APSIM 
models to simulate grazing and cropping systems, 
and included crop grazing (Moore et al. 2007; 
Moore 2009). The model was run using weather 
data for Wagga Wagga, NSW (GRAZPLAN weather 
database; 35100S, 147270E) from 1 January 1965 to 
31 December 2011, with analysis of lamb birth and 
weaning data for calendar years 1970–2010, and gross 
margin, supplement feeding and lamb sales data for 
financial years ending July 1971–2011.Variables used 
were date of commencement of lambing in monthly 
increments from April to August and stocking rates of 
6, 8 and 10 ewes/ha of permanent pasture. Separate 
simulations were run for whether or not sheep were 
allowed to graze the wheat crop.

Farm
A self-contained portion of a mixed-farming enterprise 
was modelled for a site at Wagga Wagga. The system 
included 400 ha of semi-winter dormant lucerne 
(Medicago sativa) and subterranean clover (Trifolium 
subterraneum cv. Seaton Park) pasture divided into 
four equal paddocks; cropping and livestock activities 
occurring on other parts of the farm were not modelled, 
and for simplicity no rotation of lucerne and crop 
paddocks was applied. The soil type for all paddocks 
was a brown chromosol (APSOIL #179). 
An additional 350-ha paddock was added to the 
system in which a dual-purpose wheat crop was sown 
annually. The size of the wheat paddock provided a 
stocking rate when grazing crop similar to the average 
in producer surveys in the district and in local field 
experiments (McGrath et al. 2013; McGrath et al. 
2014). Dual-purpose wheat (cultivar EGA Wedgetail) 
was sown each year during April following a cumulative 
rainfall total of 25mm over a 5-day period, or on 30 
April if these conditions had not occurred. Wheat was 
sown at row spacing 17.5 cm and depth 25 mm with 
plant establishment density of 120 plants/m2.

Sheep flock
The livestock enterprise was a medium Merino ewe 
flock (breed standard reference weight 50 kg; breed 
reference fleece weight 4.5 kg) joined to Dorset rams 
(breed reference weight 55 kg) using a ram ratio of 
0.01 and a 44-day joining period. Ewes were culled 
annually after shearing (before joining) at 6 years of age. 
Replacement ewes (age 19 months) were purchased 
annually on the day after cast-for-age ewes were 
sold to maintain flock size at the target stocking rate. 
Lambs were weaned at median age 12 weeks. Ewes 
and weaned lambs grazed crop concurrently if the 
conditions for crop grazing were met; otherwise ewes 
and weaned lambs grazed separate pasture paddocks 
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until lambs were sold.

Grazing and supplementary feeding rules
Pasture was checked every 14 days and sheep were 
moved to the pasture paddock with the highest feed 
on offer (FOO; kg DM/ha, with ewes given priority over 
lambs), or the crop paddock if conditions for grazing 
crop were met. If available biomass in the ‘best available 
paddock’ fell below 500 kg DM/ha, then ewes were 
confinement-fed wheat grain (ME 13.8 MJ/kg DM, CP 
14% DM) in a feedlot until such time as the available 
biomass in a paddock increased above this threshold. 
Maintenance feeding of ewes occurred in the paddock 
when the lowest ewe body condition score fell below 
2.0. To prevent early sale or excessive mortality rates 
of April- or May-born weaned lambs during winter, 
maintenance feeding of lambs was introduced up until 
24 August if lamb growth rates fell below 0.05 kg/head.
day, unless pasture availability was below 500 kg DM/
ha, in which case the lambs were sold. No production 
feeding of lambs was used.
In the simulation that included grazing of the wheat 
crop, crop grazing commenced when the crop 
had accumulated 850 kg/ha of green feed and 
developmental stage was before Growth Stage 31 
(Zadoks et al. 1974). When these conditions were met, 
all sheep grazed the crop paddock to rest pastures 
(Virgona et al. 2008), even if higher FOO was available 
in other paddocks. Sheep were removed from the 
crop paddock if the crop reached Growth Stage 31, 
above ground biomass of the wheat crop was reduced 
below 500 kg DM/ha or the date reached 23 August 
(as few producers in the region would choose to graze 
beyond this date).

Commodity and input prices
A skin price of AU$5/head was applied to all lambs sold, 
regardless of size, and the same dressing percentage 
(41%) applied to lambs and cull ewes. Lamb and wool 
prices were applied as per Robertson et al. (2014, this 
issue) of 361 c/kg for 18–22 kg carcass weight, 343 c/
kg for 16–18 kg and 312 c/kg for carcass weights <16 
kg; wool price for 21–22 micron wool of 852 c/kg clean, 
and wheat price for maintenance feeding of AU$250/
MT. A sensitivity analysis was included to consider 
the effect on mean gross margins of increasing or 
decreasing the gross value of lamb or wool sold or 
cost of supplement by 20%. Sale of cull ewes was 
set at AU$1.77/kg carcass weight and replacements 
purchased at AU$60/head. A pasture maintenance 
cost of AU$50/ha.year was included; however, no 
labour cost was included, and income and costs for 
the cropping operation were excluded.

Selling rules
A flexible selling policy was applied for the sale of 
lambs. Lambs were sold after weaning when the mean 

weight oflambs reached 45 kg, the mean growth rate 
of weaned lambs fell below 0.02 kg/ head.day or ewes 
were put in the feedlot, indicating that pasture biomass 
had declined below the nominated threshold.

Analyses
Outputs from the model were analysed using Microsoft 
Office Excel 2007, with box plots produced in 
GENSTAT 16th edition (VSN International Ltd, Hemel 
Hempstead, UK).

Results
Pasture growth rates of lucerne and subterranean 
clover pastures were compared with those reported 
by Hall et al. (1985) at Wagga Wagga for the period 
1975–1977 and considered acceptable. Pasture 
growth rates tended to peak in the spring, the lucerne 
component was able to respond to rainfall and soil 
moisture in the summer and autumn, and winter was 
typified by low pasture growth rates. Mean daily growth 
rates for wheat in the crop grazing model (July lambing 
flock at 8 ewes/ha) were 16, 22 and 15 kg DM/ha.day 
for June, July and August, respectively, which is lower 
than some other suggested growth rates (Anonymous 
2008). The growth rate of ungrazed wheat in 2004 was 
75 kg DM/ha.day in the model, compared with 71 kg 
DM/ha.day reported by Virgona et al. (2006) for a site 
north of Holbrook during the same period and with 
the same cultivar. The mean day that grazing of crops 
commenced was 30 June (median 9 July) in years 
when crop grazing occurred, and no crop grazing 
occurred in 1983 and 2007. The mean number of days 
grazing crop ranged between 49 and 50 days, except 
for April and May lambing at a stocking rate of 10 
ewes/ha where crop grazing days averaged 44 days. 
The number of lambs weaned : ewes joined ranged 
0.82–0.89 across lambing months, stocking rates and 
whether or not crops were grazed, and tended to be 
highest for May and June lambing. Lamb mortality rates 
to weaning were highest when lambing commenced in 
July and August (both 21%) and lowest when lambing 
commenced in April (7%) and May (12%), and were 
not substantially affected by stocking rate or whether 
ewes had wheat crop available to graze. Mean weaning 
weight across years was increased when crop grazing 
was available, with the effect greater for May and 
June lambing dates; however, mean weaning weights 
remained higher when lambing commenced later (data 
not presented).
The amount of grain fed increased at higher stocking 
rates and was reduced with later lambing months and 
when ewes were able to graze the wheat crop; the 
proportion of years when more than 50 kg was fed per 
ewe followed a similar trend (Table 1).
The mean number of lambs sold annually increased 
and the mean sale weight of lambs across years was 
reduced as stocking rate increased. The increase in 
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amount of lamb produced when crop grazing was 
permitted was proportionally greater for autumn 
lambing compared with later lambing at stocking 
rates of 8 or 10 ewes/ha (Table 1). The proportion of 
years when mean sale weight of lambs exceeded 39 
kg liveweight increased at lower stocking rates and 
generally increased when crop grazing was permitted, 
with the effect being greatest for autumn lambing at 
the higher stocking rates (Table 1). In general, the 
mean sale date was not changed substantially by the 
inclusion of crop grazing for a given lambing month 
and stocking rate combination, although the sale date 
was slightly earlier for June lambing and slightly later 
for April and May lambing at higher stocking rates 
when crop grazing occurred compared with when it 
did not (Table 1).
The median gross margin was highest when lambing 
took place in June at a stocking rate of 8 ewes/ha 
regardless of whether crop was grazed or not (Fig. 

1). Optimal stocking rate (in terms of median gross 
margin) was six ewes/ha for April and May lambing 
when no crop grazing was permitted, and the median 
gross margin was similar for six or eight ewes/ha 
for July and August lambing (Fig. 1a). The optimal 
stocking rate increased to eight ewes/ha for April and 
May lambing and 10 ewes/ha for August lambing when 
grazing crops were included, but did not change for 
June and July lambing (both 8 ewes/ha; Fig. 1b). The 
variability in the gross margins increased with stocking 
rate; however, this effect was reduced by the inclusion 
of crop grazing (Fig. 1). Varying the sale price of wool 
or lamb or the cost of supplement by 20% from the 
standard values affected mean gross margins, but did 
not have a major impact on the month with the highest 
mean gross margin (Table 2). Stocking rate at which 
the highest mean gross margin occurred for a given 
lambing month was affected by changes in commodity 
prices for some lambing months.

Table 1. Effect on median gross margin, grain feeding and lamb production of varying lambing month, stocking rate and access to du-
al-purpose wheat grazing. Data are mean of 41 years

Fig. 1. Effect of lambing month on variation in gross margin (1971–2011) at stocking rates of 6, 8 and 10 ewes/ha for lambing months 
commencing April to August when (a) no grazing of dual-purpose wheat occurred, and (b) when ewes were able to graze the dual-pur-
pose wheat crop. The box represents interquartile range with the median marked by the central line; whiskers show range of data, with 
outliers marked if exceeding 1.5 times the interquartile range beyond the quartiles (·).
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DISCUSSION
The median gross margin for the first cross lamb 
enterprise on a lucerne-based pasture was increased 
by inclusion of dual-purpose wheat in the feedbase 
and the highest median gross margin was achieved 
with a June lambing date at eight ewes/ha for the 
sale policy used. Inclusion of crop grazing increased 
lamb production, reduced supplementary feeding and 
increased gross margins across lambing times and 
stocking rates (Table 1, Fig. 1).
Stocking rate is a key driver of profitability and the 
key benefit of optimising lambing time is by allowing 
stocking rates to be increased without an increase in 
the risk of needing to supplementary feed (Warn et al. 
2006). Wool is a key component of the income but was 
not affected substantially by the lambing date in this 
model at an equivalent stocking rate, but contributed 
to the higher gross margins whenstocking rate was 
increased to levels that maximised the long-term gross 
margin (data not shown). Increasing stocking rate 
can increase income from lambs and wool, but may 
also result in higher supplementary feeding costs and 
greater year-to-year variation in gross margins (Table 1, 
Fig. 1), indicating greater risk (Warn et al. 2006). Dual-
purpose winter crops such as wheat provide additional 
feed for livestock during the period when pasture 
growth rates can constrain production, and this model 
demonstrated that inclusion of dual-purpose wheat in 
the feedbase reduced risk by reducing supplementary 
feeding costs and interannual variability in income 
at a given stocking rate, allowing stocking rates to 
be increased for some lambing months. Inclusion of 
crop grazing affected lamb production as stocking 
rate increased; for April and May lambing, increasing 
stocking rate had a large impact on lamb production 
when crop grazing occurred compared with when it 
did not (Table 1). In comparison, crop grazing had little 
impact on the proportional change in lamb production 
with stocking rate for later lambing, although lamb 
production increased with stocking rate.
Given the lower price for lambs <18 kg carcass 

weight, there may be an advantage for lambing in 
months that allow turn-off of heavier lambs providing 
this does not reduce the number of ewes that can 
be run or greatly increase the cost of supplementary 
feeding. In the current model, lambing in June had 
lower supplementary feeding costs than April and May 
lambing, and a higher proportion of years where lambs 
achieved at least 39 kg liveweight at sale compared 
with July or August lambing (Table 1). This resulted 
in the highest median gross margin with inclusion of 
grazing crops occurring with June lambing. Increasing 
or decreasing the commodity prices did affect mean 
gross margins and stocking rate at which the highest 
mean gross margin occurred, with the highest mean 
gross margins occurring with May or June lambing 
across the different scenarios (Table 2). The sale policy 
used had the advantage of allowing lambs to be 
retained until they reached a target weight if pasture 
quality and availability allowed; however, the lambing 
month that optimised gross margins may change with 
sale policy (Robertson et al. 2014, this issue).
Lucerne is noted for its complementarity with other 
species by providing feed at different times of the 
year (Humphries 2012). Low pasture growth rates 
and, on occasion, digestibility of lucerne during the 
winter, resulted in high supplementary feeding costs 
during the winter in some years in the current model. 
A lucerne feedbase may therefore be a good fit with 
dual purpose cropping; conversely, the current model 
may overestimate the advantage of grazing the dual-
purpose crop that would be achieved if other species 
with superior winter growth and quality are available 
for grazing by sheep. Further modelling with other 
pastures in combination or as an alternative to lucerne 
may be informative for producers considering the use 
of dual-purpose crops.
No gross margin for the cropping enterprise was 
included in the analysis. This enabled a more simplistic 
model to be used without requiring crop rotations 
and enabled us to demonstrate the benefits of 
allowing a crop to be grazed. Grazing of crops can 
negatively impact grain yields, although the effect can 

Table 2. Highest mean gross margin (AU$) for each lambing month and crop grazing scenario at commodity prices 20% above or below 
standard rates and stocking rate at which this occurred (parentheses). See text for standard wool, lamb and grain prices used



181

be minimised by good management, in particular the 
removal of livestock before Growth Stage 31, and in 
some circumstances grazing can increase grain yields 
compared with ungrazed crops (Virgona et al. 2006; 
Harrison et al. 2011). Modelling across regions in 
southern Australia suggested lower grain yields from 
dual-purpose wheat relative to spring wheat in the 
order of 3–17% (Moore 2009). Given only relatively 
small increases (<20%) in median gross margins were 
achieved at stocking rates of 6 ewes/ha in our model 
when crop grazing was permitted (Table 1), it may be 
considered riskier to graze crops if stocking rates are 
not increased. In contrast, the large increase in gross 
margins at higher stocking rates when utilising the crop 
for grazing would likely improve overall gross margins 
even if a small reduction in grain yield was incurred. For 
example, if June-lambing ewes stocked at eight ewes/
ha are allowed to graze crop, the median gross margin 
increases by AU$112/ha for the sheep enterprise, or 
an additional AU$44 800. Assuming a net grain price 
of AU$250/MT and base yield of 3 MT/ha, any yield 
reduction less than 17% due to grazing would result 
in a profitable outcome. Further modelling considering 
grain yields of spring wheat cultivars compared with 
grazed dual-purpose cultivars at different sites will 
assist to determine the relative benefits over the long 
term. Additional inputs such as nitrogen applications 
to assist crop recovery post-grazing would also need 
to be considered when analysing the financial impact 
for the farm overall.

CONCLUSIONS
Allowing ewes access to some of the dual-purpose 
wheat sown on a mixed farm can increase gross margins 
from the sheep operation by increasing stocking 
rates and the amount of lamb and wool produced 
and reducing supplementary feeding requirements. 
Whether allowing ewes to graze a dual-purpose crop 
improves the farm economic performance depends on 
the effect on grain yield, along with the lambing time 
and stocking rate used.
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MODELLING EWES GRAZING  
DUAL-PURPOSE WHEAT.

Slow pasture growth rates during winter limit the 
potential gross margins from autumn and early winter 
lambing in southern New South Wales (NSW) by limiting 
stocking rates and/or increasing supplementary feed 
requirements. Dual-purpose crops can fill the winter 
feed gap in mixed-farming systems by increasing 
the available feed in winter. The simulation software 
AusFarm was used to model a mixed-farming system 
at Wagga Wagga with Merino ewes joined to terminal 
sires and grazing lucerne-subterranean clover pasture 
over a 41-year period. A paddock of dual-purpose 
wheat was then added to the system, and ewes were 
allowed to graze the wheat crop when feed on offer 
reached 850 kg DM/ha and before GS31. Weaned 
lambs were sold after late August if lamb growth rates 
fell below 20 g/head.day, mean lamb weight reached 
45 kg or production feeding of lambs was required. 

Lambing in June resulted in the highest median gross 
margin whether or not ewes were able to graze the 
wheat crop during winter. Grazing of a dual-purpose 
wheat crop resulted in greater proportional increases 
in gross margins as the stocking rate was increased, 
increased lamb production and reduced supplementary 
feed-ing costs, and reduced interannual variability in 
gross margin returns.

TOC ABSTRACT
Grazing dual-purpose wheat provides high quality feed 
for livestock at a time of year when pasture growth rates 
in southern Australia may be slow, and farmers may 
therefore consider changing their time of lambing to 
exploit this. Simulation modelling of a Merino ewes flock 
producing first-cross lambs and grazing lucernebased 
pastures and producing first cross lambs identified that 
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the optimal time of lambing, in terms of highest median 
gross margin over the long-term, was not changed by 
inclusion of crop grazing in winter. Allowing ewes to 
graze a wheat crop in winter increased producer returns 
and reduced supplementary feeding requirements and 
the variability of returns.

Introduction
A range of lambing times are used across Australia 
and at a local level (Croker et al. 2009; McGrath et 
al. 2013). Lambing in spring in southern Australia 
generally allows the period of maximum demand of the 
ewe-lamb unit to be met by pasture, whereas lambing 
in autumn requires additional supplementary feeding 
to meet demands during winter when pasture growth 
rates are slow (Shallow 1996). Importantly, lambing in 
spring may allow higher stocking rates than autumn 
lambing (Trengove 1990) and the stocking rate is a 
key driver of profitability (Warn et al. 2006). Despite 
this recommendation many producers continue to 
lamb in autumn (Croker et al. 2009). One reason for 
this, particularly in a meat-production system, is the 
opportunity for lambs to grow out to meet market 
requirements (Reeve and Sharkey 1980; Freer et al. 
1994; Sackett and Francis 2006). Carrying capacity is 
affected by growing season length (Saul and Kearney 
2002) and the optimal lambing time, in terms of gross 
margins, will depend on factors such as the length of 
the growing season and the sale policy used (Warn et 
al. 2006; Robertson et al. 2014, this issue).
Dual-purpose crops such as wheat (Triticum aestivum) 
are now an important part of the feedbase in mixed 
farming systems in southern New South Wales (NSW; 
McMullen and Virgona 2009; McGrath et al. 2013) and 
can increase livestock production during the winter 
compared with lucerne (Virgona et al. 2008). Rather 
than replacing an area of sown pasture in mixed 
farming systems, dual-purpose crops can increase the 
feed quantity available if a portion of the spring wheat 
is replaced by a dual-purpose wheat that is sown 
earlier and grazed during the winter (McMullen and 
Virgona 2009). The opportunity cost is therefore any 
reduction in grain yield from grazing the dual-purpose 
crop compared with the ungrazed spring wheat.
This modelling study sought to identify whether the 
time of lambing resulting in highest median gross 
margin was altered in southern NSW when ewes were 
able to graze a dual-purpose wheat crop sown in 
April. In this model, grazing of crops was considered 
opportunistic given that, if a spring wheat had been 
sown instead of a dual-purpose wheat, this area would 
not be available to graze; the ewe stocking rate was 
therefore calculated based on the area of pasture and 
excluding the cropped area. A lucerne-based pasture 
is modelled, being a widely used pasture in mixed-
farming systems in the area, and with advantages 
for both nitrogen fixation and livestock production 

(Humphries 2012). A flexible selling system with no 
production feeding, where lambs could be grown out 
to heavier weights if seasonal conditions allowed, was 
modelled.

MATERIALS AND METHODS
Simulation modelling was conducted using AusFarm® 
version 1.4.7 (www.grazplan.csiro.au/), which allows 
the GRAZPLAN and APSIM models to simulate 
grazing and cropping systems, and included crop 
grazing (Moore et al. 2007; Moore 2009). The model 
was run using weather data for Wagga Wagga, NSW 
(GRAZPLAN weather database; 35°10¢S, 147°27¢E) 
from 1 January 1965 to 31 December 2011, with 
analysis of lamb birth and weaning data for calendar 
years 1970–2010, and gross margin, supplement 
feeding and lamb sales data for financial years 
ending July 1971–2011.Variables used were date of 
commencement of lambing in monthly increments 
from April to August and stocking rates of 6, 8 and 10 
ewes/ha of per-manent pasture. Separate simulations 
were run for whether or not sheep were allowed to 
graze the wheat crop.

FARM
A self-contained portion of a mixed-farming enterprise 
was modelled for a site at Wagga Wagga. The system 
included 400 ha of semi-winter dormant lucerne 
(Medicago sativa) and subterranean clover (Trifolium 
subterraneum cv. Seaton Park) pasture divided into 
four equal paddocks; cropping and livestock activities 
occurring on other parts of the farm were not modelled, 
and for simplicity no rotation of lucerne and crop 
paddocks was applied. The soil type for all paddocks 
was a brown chromosol (APSOIL #179).
An additional 350-ha paddock was added to the 
system in which a dual-purpose wheat crop was sown 
annually. The size of the wheat paddock provided a 
stocking rate when grazing crop similar to the average 
in producer surveys in the district and in local field 
experiments (McGrath et al. 2013; McGrath et al. 
2014). Dual-purpose wheat (cultivar EGA Wedgetail) 
was sown each year during April following a cumulative 
rainfall total of 25 mm over a 5-day period, or on 30 
April if these conditions had not occurred. Wheat was 
sown at row spacing 17.5 cm and depth 25 mm with 
plant establishment density of 120 plants/m2.

SHEEP FLOCK
The livestock enterprise was a medium Merino ewe 
flock (breed standard reference weight 50 kg; breed 
reference fleece weight 4.5 kg) joined to Dorset rams 
(breed reference weight 55 kg) using a ram ratio of 
0.01 and a 44-day joining period. Ewes were culled 
annually after shearing (before joining) at 6 years of age. 
Replacement ewes (age 19 months) were purchased 
annually on the day after cast cast-for for-age ewes 
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were sold to maintain flock size at the target stocking 
rate.
Lambs were weaned at median age 12 weeks. Ewes 
and weaned lambs grazed crop concurrently if the 
conditions for crop grazing were met; otherwise ewes 
and weaned lambs grazed separate pasture paddocks 
until lambs were sold.

GRAZING AND SUPPLEMENTARY FEEDING RULES
Pasture was checked every 14 days and sheep were 
moved to the pasture paddock with the highest feed 
on offer (FOO; kg DM/ha, with ewes given priority over 
lambs), or the crop paddock if conditions for grazing 
crop were met(see below. If available biomass in the 
‘best available paddock’ fell below 500 kg DM/ha, 
then ewes were confinement-fed wheat grain (ME 
13.8 MJ/kg DM, CP 14% DM) in a feedlot un-til such 
time as the available biomass in a paddock increased 
above this threshold. Maintenance feeding of ewes 
occurred in the paddock when the lowest ewe body 
condition score fell below 2.0. To prevent early sale or 
excessive mortality rates of April- or May-born weaned 
lambs during winter, maintenance feeding of lambs 
was introduced up until 24 August if lamb growth rates 
fell below 0.05 kg/head.day, unless pasture availability 
was below 500 kg DM/ha, in which case the lambs 
were sold. No production feeding of lambs was used.
In the simulation that included grazing of the wheat 
crop, crop grazing commenced When the simulation 
was set for crop grazing this occurred when the 
crop had accumulated 850 kg/ha of green feed and 
developmental stage was before Growth Stage 31 
(Zadoks et al. 1974). When these conditions were met, 
all sheep grazed the crop pad-dock to rest pastures 
(Virgona et al. 2008), even if higher FOO was available 
in other paddocks. Sheep were removed from the 
crop paddock if the crop reached Growth Stage 31, 
above ground biomass of the wheat crop was reduced 
below 500 kg DM/ha or the date reached 23 August 
(as few producers in the region would choose to graze 
beyond this date).

COMMODITY AND INPUT PRICES
A skin price of AU$5/head was applied to all lambs sold, 
regardless of size, and the same dressing percentage 
(0.41) applied to lambs and cull ewes. Lamb and wool 
prices were applied as per Robertson et al. (2014, this 
issue) of 361 c/kg for 18–22 kg carcass weight, 343 c/
kg for 16–18 kg and 312 c/kg for carcass weights <16 
kg; wool price for 21–22 micron wool of 852 c/kg clean, 
and wheat price for maintenance feeding of AU$250/
MT. A sensitivity analysis was included to consider 
the effect on mean gross margins of increasing or 
decreasing the gross value of lamb or wool sold or cost 
of supplement by 20%.A sensitivity analysis of Sale of 
cull ewes was set at AU$1.77/kg carcass weight and 
replacements purchased at AU$60/head. A pasture 

maintenance cost of AU$50/ha.year was included; 
however, no labour cost was included, and income 
and costs for the cropping operation were excluded.

SELLING RULES
A flexible selling policy was applied for the sale of 
lambs. Lambs were sold after weaning when the mean 
weight of lambs reached 45 kg, the mean growth rate 
of weaned lambs fell below 0.02 kg/head.day or ewes 
were put in the feedlot, indicating that pasture biomass 
had declined below the nominated thresh-old.
Analysis
Outputs from the model were analysed using Microsoft 
Office Excel 2007, with box plots produced in 
GENSTAT 16th edition (VSN International Ltd, Hemel 
Hempstead, UK).

RESULTS
Pasture growth rates of lucerne and subterranean 
clover pastures were compared with those reported by 
Hall et al. (1985) at Wagga Wagga for the period 1975–
77 and considered acceptable. Pasture growth rates 
tended to peak in the spring, the lucerne component 
was able to respond to rainfall and soil moisture in 
the summer and autumn, and winter was typified by 
low pasture growth rates. Mean daily growth rates for 
wheat in the crop grazing model (July lambing flock 
at 8 ewes/ha) were 16, 22 and 15 kg DM/ha.day for 
June, July and August, respectively, which is lower 
than some other suggested growth rates (Anonymous 
2008). The growth rate of ungrazed wheat in 2004 was 
75 kg DM/ha.day in the model, compared with 71 kg 
DM/ha.day reported by Virgona et al. (2006) for a site 
north of Holbrook during the same period and with 
the same cultivar. The mean day that grazing of crops 
commenced was 30 June (median 9 July) in years 
when crop grazing occurred, and no crop grazing 
occurred in 1983 and 2007. The mean number of days 
grazing crop ranged 49–50 days, except for April and 
May lambing at a stocking rate of 10 ewes/ha where 
crop grazing days averaged 44 days.
The number of lambs weaned : ewes joined ranged 
0.82–0.89 across lambing months, stocking rates and 
whether or not crops were grazed, and tended to be 
highest for May and June lambing. Lamb mortality rates 
to weaning were highest when lambing commenced in 
July and August (both 21%) and lowest when lambing 
commenced in April (7%) and May (12%), and were 
not substantially affected by stocking rate or whether 
ewes had wheat crop available to graze. Mean 
weaning weight across years was in-creased when 
crop grazing was available, with the effect greater for 
May and June lambing dates; however, mean weaning 
weights remained higher when lambing commenced 
later (data not presented).
The amount of grain fed increased at higher stocking 
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rates and was reduced with later lambing months and 
when ewes were able to graze the wheat crop; the 
proportion of years when more than 50 kg was fed per 
ewe followed a similar trend (Table 1).
The mean number of lambs sold annually increased 
and the mean sale weight of lambs across years was 
reduced as the stocking rate increased. The increase 
in amount of lamb produced when crop grazing was 
permitted was proportionally greater for autumn 
lambing compared with later lambing at stocking 
rates of 8 or 10 ewes/ha (Table 1). The proportion of 
years when mean sale weight of lambs exceeded 39 
kg liveweight increased at lower stocking rates and 
generally increased when crop grazing was permit-
ted, with the effect being greatest for autumn lambing 
at the higher stocking rates (Table 1). In general, the 
mean sale date was not changed substantially by the 
inclusion of crop grazing for a given lambing month/ 
and stocking rate combination, although the sale date 
was slightly earlier for June lambing and slightly later 
for April and May lambing at higher stocking rates 
when crop grazing occurred compared with when it 
did not (Table 1).
The median gross margin was highest when lambing 
took place in June at a stocking rate of 8 ewes/ha 
regardless of whether crop was grazed or not (Fig. 
1). Optimal stocking rate (in terms of median gross 
margin) was 6 ewes/ha for April and May lambing 
when no crop grazing was permitted, and the median 
gross margin was similar for 6 or 8 ewes/ha for July 
and August lambing (Fig. 1a). The optimal stocking 
rate increased to 8 ewes/ha for April and May lambing 
and 10 ewes/ha for August lambing when grazing 
crops were included, but did not change for June and 
July lambing (both 8 ewes/ha; Fig. 1b). The vari-ability 
in the gross margins increased with the stocking rate; 
however, this effect was reduced by the in-clusion of 
crop grazing (Fig. 1).
Varying the sale price of wool or lamb or the cost of 
supplement by 20% from the standard values af-fected 
mean gross margins, but did not have a major impact 
on the month with the highest mean gross margin 
(Table 2). The stocking rate at which the highest mean 
gross margin occurred for a given lambing month was 
affected by changes in commodity prices for some 
lambing months.

DISCUSSION
The median gross margin for the first cross lamb 
enterprise on a lucerne-based pasture was increased 
by inclusion of dual-purpose wheat in the feedbase 
and the highest median gross margin was achieved 
with a June lambing date at 8 ewes/ha for the sale 
policy used. Inclusion of crop grazing increased lamb 
pro-duction, reduced supplementary feeding and 
increased gross margins across lambing times and 
stocking rates (Table 1, Fig. 1).

The stocking rate is a key driver of profitability and the 
key benefit of optimising lambing time is by allowing 
stocking rates to be increased without an increase in 
the risk of needing to supplementary feed (Warn et al. 
2006). Wool is a key component of the income but was 
not affected substantially by the lambing date in this 
model at an equivalent stocking rate, but contributed 
to the higher gross margins when the stocking rate was 
increased to levels that maximised the long-term gross 
margin (data not shown). Increasing the stocking rate 
can increase income from lambs and wool, but may 
also result in higher sup-plementary feeding costs and 
greater year-to-year variation in gross margins (Table 1, 
Fig. 1), indicating greater risk (Warn et al. 2006). Dual-
purpose winter crops such as wheat provide additional 
feed for live-stock during the period when pasture 
growth rates can constrain production, and this model 
demonstrat-ed that inclusion of dual-purpose wheat in 
the feedbase reduced risk by reducing supplementary 
feeding costs and interannual variability in income at a 
given stocking rate, allowing stocking rates to be in-
creased for some lambing months. Inclusion of crop 
grazing affected lamb production as the stocking rate 
increased; for April and May lambing, increasing the 
stocking rate had a large impact on lamb production 
when crop grazing occurred compared with when it 
did not (Table 1). In comparison, crop grazing had little 
impact on the proportional change in lamb production 
with stocking rate for later lambing, although lamb 
production increased with the stocking rate. Although 
the stocking rate at which the highest medi-an gross 
margin occurred did not change with inclusion of crop 
grazing when lambing in June, allowing sheep access 
to the dual-purpose crop increased the gross margin 
and reduced inter-annual variability in income
Given the lower price for lambs <18 kg carcass 
weight, there may be an advantage for lambing in 
months that allow turn-off of heavier lambs providing 
this does not reduce the number of ewes that can 
be run or greatly increase the cost of supplementary 
feeding. In the current model, lambing in June had 
lower supplementary feeding costs than April and May 
lambing, and a higher proportion of years where lambs 
achieved at least 39 kg liveweight at sale compared 
with July or August lambing (Table 1). This resulted 
in the highest median gross margin with inclusion of 
grazing crops occurring with June lambing. Increasing 
or decreasing the commodity prices did affect mean 
gross margins and the stocking rate at which the 
highest mean gross margin occurred, with the highest 
mean gross margins occurring with May or June 
lambing across the different scenarios (Table 2). The 
sale policy used had the advantage of allow-ing lambs 
to be retained until they reached a target weight if 
pasture quality and availability allowed; however, the 
lambing month that optimised gross margins may 
change with sale policy (Robertson et al. 2014, this 
issue). Lucerne is noted for its complementarity with 
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other species by providing feed at different times of 
the year (Humphries 2012). Low pasture growth rates 
and, on occasion, digestibility of lucerne during the 
winter, resulted in high supplementary feeding costs 
during the winter in some years in the current mod-el. 
A lucerne feedbase may therefore be a good fit with 
dual-purpose cropping; conversely, the current model 
may overestimate the advantage of grazing the dual-
purpose crop that would be achieved if other species 
with superior winter growth and quality are available 
for grazing by sheep. Further modelling with other 
pastures in combination or as an alternative to lucerne 
may be informative for producers considering the use 
of dual-purpose crops.
No gross margin for the cropping enterprise was 
included in the analysis. This enabled a more simplistic 
model to be used without requiring crop rotations 
and enabled us to demonstrate the benefits of 
allow-ing a crop to be grazed. Grazing of crops can 
negatively impact grain yields, although the effect can 
be minimised by good management, in particular the 
removal of livestock before Growth Stage 31, and in 
some circumstances grazing can increase grain yields 
compared with ungrazed crops (Virgona et al. 2006; 
Harrison et al. 2011). Modelling across regions in 
southern Australia suggested lower grain yields from 
dual-purpose wheat relative to spring wheat in the 
order of 3–17% (Moore 2009). Given only relatively 
small increases (<20%) in median gross margins were 
achieved at stocking rates of 6 ewes/ha in our mod-el 
when crop grazing was permitted (Table 1), it may be 
considered riskier to graze crops if stocking rates are 
not increased. In contrast, the large increase in gross 
margins at higher stocking rates when utilising the crop 
for grazing would likely improve overall gross margins 
even if a small reduction in grain yield was incurred. For 
example, if June-lambing ewes stocked at 8 ewes/ha 
are allowed to graze crop, the me-dian gross margin 
increases by AU$112/ha for the sheep enterprise, or 
an additional AU$44 800. Assum-ing a net grain price 
of AU$250/MT and base yield of 3 MT/ha, any yield 
reduction less than 17% due to grazing would result 
in a profitable outcome. Further modelling considering 
grain yields of spring wheat cultivars compared with 
grazed dual-purpose cultivars at different sites will 
assist to determine the relative benefits over the long 
term. Additional inputs such as nitrogen applications 
to assist crop recovery post-grazing would also need 
to be considered when analysing the financial impact 
for the farm overall.

CONCLUSIONS
Allowing ewes access to some of the dual-purpose 
wheat sown on a mixed farm can increase gross margins 
from the sheep operation by increasing stocking 
rates and the amount of lamb and wool produced 
and reducing supplementary feeding requirements. 

Whether allowing ewes to graze a dual-purpose crop 
improves the farm economic performance depends on 
the effect on grain yield, along with the lambing time 
and stocking rate used.
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Fig. 1. Effect of lambing month on variation in gross 
margin (1971–2011) at stocking rates of 6, 8 and 10 
ewes/ha for lambing months commencing April to 
August when (a) no grazing of dual-purpose wheat 
occurred, and (b) when ewes were able to graze the 
dual-purpose wheat crop. The box represents inter-
quartile range with the median marked by the central 
line; whiskers show range of data, with outliers marked 
if exceeding 1.5 times the interquartile range beyond 
the quartiles (×).
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