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Executive summary 

As part of the Western Australian Government’s commitment to emissions reduction and 
the sustainable mitigation of climate change, the Department of Primary Industries and 
Regional Development (DPIRD) identified that the Katanning Research Facility (KRF) is a 
significant greenhouse gas (GHG) emitter and that the site provides an opportunity to 
improve our understanding of emissions arising from agriculture, particularly livestock 
production. This report presents a baseline organisational carbon footprint assessment and 
a sustainable emissions reduction strategy with the goal of achieving carbon neutrality for 
the research facility by 2030. 

KRF, with its intensive animal facilities and commercial farm setup, is the DPIRD’s primary 
facility for sheep research. It is located 5km east of Katanning on the Nyabing Road in the 
Great Southern Region of Western Australia. The KRF farm comprises 2100ha, of which 
1700 ha is arable land (suitable for cropping and grazing) and 400 ha is non-arable land 
that is mainly natural vegetation with saline-affected gullies and some areas of tree 
planting. 

The KRF research team will modify land use at the farm to meet the modelled scenario of 
zero net carbon emissions by 2030. The team will monitor changes to validate predictions, 
and the KRF farm will become a demonstration farm to illustrate the impact of mitigation 
methodologies in real time and in practice. 

Methodology 

The KRF research team conducted a carbon footprint assessment of the KRF farm and of 
the products (grain, wool, sheep liveweight), produced on farm. The team determined the 
total emissions from the farm and the product mass and emission intensities of sheep meat, 
wool and grain. This included upstream emissions, such as emissions from the 
manufacture of agrichemicals, transport and production of purchased livestock. 

We conducted the assessment in accordance with international life cycle assessment (LCA) 
guidelines, including ISO standard 14067, and with reference to the Livestock 
Environmental Assessment and Performance small ruminant LCA guidelines.1 Moreover, 
we determined livestock and manure emissions using methods consistent with the most 
recent National Greenhouse Gas Inventory Report (NIR).2 

The impact assessment includes Global Warming Potential Values from the 
Intergovernmental Panel on Climate Change Fifth Assessment Report (AR5) as applied by 
the Australian NIR. These were 28 for methane and 265 for nitrous oxide. Inventory 
modelling was conducted using SimaPro 9.0. 

Total emissions 

Total emissions for the KRF farm were 2406 and 2553t CO2-e  for 2018 and 2019, 
respectively, excluding soil and vegetation carbon change. This provided a baseline for the 
KRF farm of 2480t CO2-e . Most emissions arose from the sheep flock, with lower 
contributions from cropping. 

                                            
1 Environmental Performance of Large Ruminant Supply Chains: Guidelines for 
Assessment. Version 1 Technical Report, July 2016, Food and Agriculture Organization of the United Nations. 
2 https://www.industry.gov.au/data-and-publications/national-greenhouse-gas-inventory-report-2018 
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On-farm flock enteric methane emissions dominated the emissions profile for the KRF farm 
for both years. Fertiliser and crop treatments (herbicide, insecticide, pesticide) contributed 
11% of the carbon footprint in both years, with fossil fuel (diesel and electricity) accounting 
for 4% of farm emissions. 

A breakdown of baseline emissions on the KRF farm is provided below: 

 flock enteric methane: 61% 

 purchased livestock: 7% 

 fertiliser: 8% 

 flock manure: 5% 

 supplementary feed: 2% 

 diesel: 3% 

 herbicides and insecticides: 3% 

 crop nitrous oxide: 3% 

 electricity: 1% 

 other services: 7%. 

We assumed soil carbon to be stable over the mid-term (10 years) prior to initiating practice 
changes to achieve carbon neutrality based on a review of historical farm management and 
soil tests. 

Product intensity 

The carbon footprint (including all on-farm and pre-farm sources) for liveweight gain (LWG) 
was 9.5kg CO2-e/kg LWG in 2018 and 9.9kg CO2-e/kg LWG in 2019. These values are 
higher than other results published in the scientific literature and are partly explained by 
lower growth rates for lambs, owing to experimental constraints. 

The carbon footprint for wool was higher than that demonstrated by previous research 
conducted on several comparable Western Australian systems. These differences were 
related to overall system productivity, with lower wool yields per breeding ewe found in the 
KRF system. This was partly explained by the fact the sheep flock was modelled by 
combining the Dorper and Merino flocks. 

Emission intensities for crops grown at the KRF farm were 0.28kg CO2-e/kg for oaten hay 
and 0.78kg CO2-e/kg for canola. These figures were significantly above the emissions 
intensity referenced by AusLCI for farms in Western Australia. This result was primarily due 
to the higher ratio of inputs to crop yield at KRF in the years assessed. 

Opportunities for reducing emissions 

The KRF research team identified a range of options for reducing emissions and estimated 
the impact across farm operations. These included: 

a. reducing total sheep numbers by mating all replacement ewes to Merino sires or buying 
in replacement maiden or adult ewes 

b. trialling methane-mitigating feedstuffs, including legumes, 3NOP and Asparagopsis 
c. breeding low methane sheep 
d. improving pasture legume content prior to the crop phase to reduce the need for 

nitrogen fertiliser; improving weed control 
e. reducing the proportion of crop to pasture or changing crop types 
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f. preventing soil erosion by wind and water and improving soil characteristics by claying 
and liming 

g. incorporating carbon via green and brown manuring and the addition of biochar 
h. changing grazing and pasture species, for example, using alternative legumes, saltbush 

and browse shrubs; implementing rotational grazing. 

The options considered for carbon sequestration (the long-term removal, capture or 
sequestration of carbon dioxide from the atmosphere) utilising vegetation were: 

a. saltbush systems and fodder shrubs 
b. windbreaks, shelterbelts and shelter paddocks 
c. remnant vegetation rehabilitation 
d. alley farming 
e. sandalwood. 

Scenario modelling 

Based on the carbon footprint, the two key activities that were the major contributors (the 
size of the sheep flock and the amount and type of crops grown), and the emissions 
reduction and sequestration options investigated, the KRF research team developed a 
series of six scenarios. The scenarios presented variations of the following combinations: 

 two levels of sheep flock management — reducing the Merino sheep flock to 60% with 
purchase of replacements or reducing the sheep flock to 85% by moving to a full Merino 
flock for replacements 

 two levels of cropping — 100% or 50% of current crop and a switch to barley from lupins 
and canola  

 a range of tree and forage shrub plantings and soil ameliorants such as green manuring 
and biochar 

 methane inhibitors such as Asparagopsis. 

We also modelled a ‘best bet’ option. This combined the most likely and practical changes 
to sheep and cropping management together with adoption of all of the best mitigations, 
including trial methodologies, that could be applied to reduce impacts and maximise soil 
carbon sequestration. 

The best bet option achieved carbon neutrality, as did the other scenarios but relied more 
heavily on interventions such as Asparagopsis to achieve neutrality. Green manuring and 
planting forage shrubs increased sequestration, but these options also have a lower 
requirement for trees to be planted on arable land, which is a key outcome. This outcome 
would be more palatable for most commercial sheep producers, and it demonstrates how 
altering the proportion of stock to crop may be beneficial. 

All scenarios tested rely on dramatic intervention, such as the availability of methane 
inhibitors to achieve neutrality. If methane inhibitors are not available in the 2030 timeframe, 
carbon sequestration through tree plantations will become more important at the KRF farm 
to achieve our goals. Estimates using the best available data provide a carbon 
sequestration rate of 2.4t CO2-e per year for 25 years with a mixed Eucalyptus plantation in 
the Katanning area. 
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The work shows that it is possible to achieve significant decreases in GHGs (up to 50% 
reduction) if there is an opportunity to reduce total stock numbers and plant moderate areas 
with carbon sequestration activators such as trees; however, this is not an option for many 
and has implications for the sustainability of the state sheep flock and export markets. 

Recommendations 

 Conduct a full salinity survey and radio metrics survey of KRF farm to inform planning of 
strategic revegetation and suitable areas for permanent pastures. 

 Develop a remnant vegetation and a revegetation management plan for new tree and 
shrub plantings that satisfy the needs for salinity management, carbon mitigation, 
amenity, and shade and shelter. 

 Establish five long-term monitoring points for soil carbon to monitor changes resulting 
from implementation to 2030 and 2050. 

 Investigate opportunities to trial delivery mechanisms for Asparagopsis in 
supplementary feed utilising the Feed Efficiency Facility at KRF. 

 Identify opportunities to reduce the services footprint, including photovoltaics and 
machinery replacement plans.  

 Focus on pasture renovation and shrub systems at the facility to provide a living 
demonstration of modern feed base in a drying climate. 

 Track the transition costs (cash flow) of all the interventions (e.g. STEP model analysis) 
to look at the impact(s) on farm profitability as the system evolves. 
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Introduction 

Purpose and limitations 

This report will provide: 

 a baseline carbon account at the start of the process of achieving carbon neutrality 

 an enduring record of emissions at KRF 

 an account to inform the DPIRD of the planning and implementation requirements to 
achieve carbon neutrality at the facility 

 an accounting framework for monitoring and evaluating success (or otherwise) over the 
next decade 

 a detailed example to industry, and in particular to sheep producers, of the process 
needed to assess carbon emissions. 

This document has the following limitations: 

 The document represents a snapshot of two years, which have been taken as sufficient 
for a baseline. However, sheep numbers and cropping vary from year to year based on 
annual rainfall, and this should be considered in future years when comparisons are 
made. 

 Readers should be aware that KRF is required to provide certain research services that 
are not required on a typical farm. This report describes these requirements in the 
section Operational Constraints, and when they influence the carbon account or 
emission reduction approach, this is noted. 

Background 

As part of the Western Australian Government’s commitment to emissions reduction and 
the sustainable mitigation of climate change, the Department of Primary Industries and 
Regional Development (DPIRD) identified that the Katanning Research Facility (KRF) is a 
significant greenhouse gas (GHG) emitter and that the site provides an opportunity to 
improve our understanding of emissions arising from agriculture, particularly livestock 
production. This report, in the form of a baseline organisational carbon footprint 
assessment, enables the development of a sustainable emissions reduction strategy with 
the goal of achieving carbon neutrality for the research facility by 2030. 

The Livestock Branch of the DPIRD is developing an overall strategy for identifying and 
mitigating GHG emissions from the livestock industry in Western Australia (WA), with two 
specific aims: 

1. to lower net emissions from DPIRD’s KRF and achieve carbon neutrality on the KRF 
farm by 2030 

2. to provide and support the application of tested carbon-neutral options for Western 
Australian broadacre livestock farmers. 

This strategy supports the Government of Western Australia’s aspirational goal of achieving 
net zero GHG emissions by 2050 and its Economic Development Framework (Diversify 
WA; 2019) priority on primary industries. It is consistent with Meat & Livestock Australia’s 
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(2020) carbon-neutral initiative (Carbon Neutral 2030), the Climate Research Strategy for 
Primary Industries priorities and Grain Growers Australia’s Carbon Neutral 2050 goal. 

The research team, which includes DPIRD researchers from the Farming Systems and 
Livestock Directorates, will modify  operations at the KRF farm to achieve net zero carbon 
emissions from the sheep and research activity aspects of the business by 2030. The team 
will monitor changes to validate predictions, and the KRF farm will become a demonstration 
farm for producers to view and discuss the impact of mitigation methodologies in real time 
and in practice. 

KRF offers an ideal facility for implementing and testing new systems prior to releasing 
tools, recommendations and techniques for wider application by farming enterprises. It will 
play a pivotal role in attracting emerging research and development to complement the 
producer and industry demonstration role. 

Description of the Katanning Research Facility 

KRF is located 5km east of Katanning on the Nyabing Road in the Great Southern Region 
of WA. The farm comprises 2100ha, including 1700ha of arable land (suitable for cropping 
and grazing) and 400ha of non-arable land that is mainly natural vegetation with saline-
affected gullies and some areas of tree planting. A map of the facility showing the paddock 
setup and major land features is provided in Appendix 1. The farm comprises the following: 

 700ha permanent pasture, including lambing plots 

 1000ha in a cropping rotation, including — 
o 450ha of cereal crop and hay production for sheep feed 
o 100ha canola for cropping trials 
o general rotation of oats–lupins–canola–oats–two-years’ pasture. 

KRF is the primary research facility of the DPIRD for sheep research. It currently hosts two 
key flocks – the Genetic Resource Flock (GRF) and the Yardstick Flock (YSF) – as well as 
a range of short-term experimental flocks in conjunction with other research institutions. A 
flock is also maintained to provide replacement sheep (the replacement flock) for 
experiments undertaken on the facility. 

KRF is also host to the New Genes Research Facility and annual grain crop trials. It has 
seven permanent employees who support the management of livestock and the cropping 
program and provide technical support for research trials. 

Goals of the Katanning Research Facility 

KRF is managed as a research facility to host long- or short-term sheep trials that require 
intensive management, measurements and treatments that must be conducted in a 
controlled environment for experimental purposes or for animal welfare considerations. 

The department’s Animal Ethics Committee, under the Australian Code for the Care and 
Use of Animals for Scientific Purposes (National Health and Medical Research Council 
2013) monitors and approves all animal trials conducted at the facility. 

https://www.agric.wa.gov.au/genetics-selection/sheep-genetic-resource-flock
https://merinosuperiorsires.com.au/merino-sire-evaluation-sites/yardstick/
https://www.agric.wa.gov.au/genetic-modification/grains-research-facilities-new-genes-new-environments
https://www.nhmrc.gov.au/about-us/publications/australian-code-care-and-use-animals-scientific-purposes
https://www.nhmrc.gov.au/about-us/publications/australian-code-care-and-use-animals-scientific-purposes
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The goals of the KRF research team are to: 

 provide a safe and healthy environment for research animals 

 provide sheep research capability for the DPIRD, other research institutions and the 
agricultural industry 

 conduct industry-relevant trials and experiments to improve the productivity and health 
of the Western Australian sheep flock 

 demonstrate best practice and emerging technologies for sheep production and 
efficiency. 

Operational constraints 

Breeding ewe number requirements for research commitments 

For its research trials, KRF currently requires: 

 1300 mature Merino ewes to be artificially inseminated each year (+ 15% backup for 
artificial insemination) 

 600 ewes for the GRF 

 700 ewes for the YSF 

 400 Dorper ewes (a proportion purchased each year for the GRF) 

 170 Border Leicester (BL) ewes (purchased each year for the GRF). 

To support these trials, the facility also requires: 

 320 Yardstick wether hoggets 

 680 Yardstick ewe and wether lambs 

 1000 GRF lambs (Merino, BL and Dorper). 

Proportion of crop and committed crop area for research 

For cropping trials, the KRF research team currently requires approximately 1ha of crop, 
which forms part of the total planted area, (i.e. it is harvested from the existing cropping 
program). In 2019, we used the cropping program of 530ha to generate supplementary feed 
for the sheep flock, with oats, lupins and hay grown. We also grew canola as a cash crop. 

Climate 

KRF has an annual rainfall (2005–2018) of 440mm, with most rain falling in the winter 
months (Figure 1). 

According to the DPIRD’s climatologist, Dr Ian Foster, and Climate Change in Australia 
(2019), the following changes to the climate are expected: 

 Winter rainfall is projected to decrease by up to 15% by 2030. There is high confidence 
in this trend. 

 This is likely to drive continued variability in the timing of the growing season break, with 
a general trend to later dates. 

 Extreme temperatures are projected to increase at a similar rate to mean temperature, 
with a substantial increase in the temperature reached on hot days, the frequency of hot 
days and the duration of warm spells. 



page 13 of 84 

 Frost risk days (minimum temperatures under 2°C) are expected to decrease across the 
region. 

A significant shift is already apparent in the timing of rainfall (1990–2020), with less rainfall 
occurring from May to July and more occurring later in the season (Figure 1). Summer rain 
has become more unpredictable. 

 

Figure 1. Mean rainfal l at Katanning , per month, for the last 30 years compared 
with the long-term average  

Project objectives 

The project objectives were to determine the organisational and product carbon footprint for 
KRF and develop an emissions reduction strategy to enable the farm to be carbon neutral 
by 2030. 

Specific objectives for determining the carbon footprint were to: 

1. conduct a life cycle assessment (LCA) carbon footprint for KRF, including the sheep 
flock and cropping 

2. understand the baseline performance of the enterprise across two representative years 
of production (2018 and 2019) 

3. provide information for understanding GHG emissions in the context of Western 
Australian agriculture and mixed farming. 

Specific objectives to develop the emissions reduction strategy were to: 

1. investigate practical options for improvement. That is, for KRF to reduce carbon 
emissions and achieve carbon neutrality within the property boundary by 2030 
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2. provide information to industry about opportunities to reduce carbon emissions in mixed 
farming enterprises in the region (KRF will act as a case study farm for other producers). 
This will include the provision of benchmarks and information on how to reduce GHG 
emissions in production 

3. provide examples of positive action for the Western Australian sheep industry to 
become carbon neutral, and support producers to implement a carbon positive 
enterprise plan 

4. increase producers’ knowledge and understanding of emissions mitigation, opportunities 
and commercialisation strategies. 

Overview of key aspects of operation with respect to emissions and 
sequestration 

Overview of cropping 

Over the last 10 years, the KRF research team has gradually increased the area cropped 
on the KRF farm, although the program is often tweaked at the break of season to reflect 
current planting conditions and expected yields precisely (Figure 2). In the last two 
seasons, we have included cereal hay as part of the rotation to provide more on-farm-
grown fodder for lambing ewes and the feedlot. Approximately 50% of the arable area is 
cropped in any one year, employing a year-in, year-out rotation with pasture. 

 
 

Figure 2. Histor ic area sown by crop type (ha) 

The team conducts soil sampling of crop paddocks to 10cm each year, followed by a 
fertiliser application program designed by CSBP (Table 1). As part of the fertiliser program, 
nitrogen is applied to the crops (excluding lupins), and a herbicide plan is prepared and 
applied throughout the season. 
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Table 1. Fert i l iser rate by area (ha) and crop type for the reference years  

Year Crop 
Area 
(ha) 

Base 
fert 

Rate/ 
ha 

Amount 
In 

crop 
fert 

Rate/ 
ha 

Amount 
In 

crop 
fert 

Rate/ 
ha 

Amount 

2018 

Lupins 107 
K Till 
Extra 

80 8.56            

Canola 27 
K Till 
Extra 

100 2.7 Urea 80 2.16      

Oats 
grain 

209 
K Till 
Extra 

100 20.9 Urea 70 14.63      

Oats 
hay 

54 
K Till 
Extra 

100 5.4 Urea 70 3.78      

2019 

Lupins 99 
K Till 
Extra 

80 7.9           

Canola 88 
K Till 
Extra 

120 10.56 Urea 100 8.8 MOP 50 4.7 

Oats 
grain 

219 
K Till 
Extra 

120 26.28 Urea 110 24.09      

Oats 
hay 

107 
K Till 
Extra 

120 12.84 Urea 110 11.77 MOP 50 5.2 

          Urea 55 5.34      

 

Canola is grown as a cash crop and as part of the cereal rotation. It is the only crop sold off-
farm. Lupins are grown for sheep feed, as are the oats. In 2019, the facility grew oaten hay 
for the first time. Yields are moderate for the area (Table 2). Currently, only 1ha is used as 
part of cropping trials on the facility. 

Table 2. Area grown (ha) and yield (t /ha) by crop type for  the reference years 

Year 2018 2019 

Area and yield by crop type Grown (ha) 
Yield 
(t/ha) 

Grown 
(ha) 

Yield 
(t/ha) 

Lupins 107 1.01 99 0.96 

Oats 209 3.59 219 2.74 

Oaten hay 54 5.02 107 3.19 

Canola 27 1.03 88 1.01 

Overview of livestock 

Ewe flock management 

KRF manages all its ewes following the Lifetimewool guidelines, with four monitoring points 
for condition score (rams out, pregnancy scanning [day 90], weaning, pre-joining). Ewes are 
maintained at Condition Score 3.3 

We replace rams for the replacement ewe flock at a rate of 25% per year. Merino rams are 
selected using the DP+ index or the MP+ index.4 The research protocol for the GRF allows 
ewes to be mated a maximum of three times; therefore, the ewe replacement rate is 30%. 

Current carrying capacity and stocking rate 

The total sheep number on KRF in 2020 is 8000 dry sheep equivalent (DSE), with a 
maximum DSE rating in October of 10 700, dropping to 8800 in November as lambs start 
progressing to the feedlot. The DSE profile of the facility is provided in Figure 3. The current 

                                            
3 www.lifetimewool.com.au/Sheep%20Zones/zonemedrainfall.aspx 
4 http://www.sheepgenetics.org.au/Home  

http://www.lifetimewool.com.au/Sheep%20Zones/zonemedrainfall.aspx
http://www.sheepgenetics.org.au/Home
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Merino ewe flock has a standard reference weight (SRW) of 59kg and produces 100% 
lambing with an average weaning weight of 30kg. 

At present, a flock known as the replacement flock provides breeding ewes for the GRF 
mating. Any ewes that fail to conceive at artificial insemination are mated to a meat sire and 
produce crossbred lambs that are sold in early summer. These usually number 
approximately 160 lambs. The replacement flock also produces approximately 800 Merino 
wether lambs, which are sold to the trade over the summer and autumn. A summary of the 
sheep and their function is provided in Table 3. 

Table 3. General f lock numbers on Katanning Research Faci l i ty over a year 

Current: Merino and crossbred enterprise 2019 

Total breeding age ewes 3588 

Sheep produced for sale 3558 

Lambs produced to keep 1307 

Additional sheep (rams, hoggets etc.) 937 

 

Using 2018 data with 1325ha of pasture, 375ha of crop (which becomes stubble at the end 
of the year) and 375ha of stubble from the previous year, the stocking rate (based on DSE, 
not absolute numbers) reaches 6.6 DSE/ha during spring (3). 

 

 

Figure 3. Stocking rate based on dry sheep equivalent (DSE) rat ings for growing 
sheep and reproduct ive ewes  

Note. The stocking rate does not indicate that animals can gain all feed required on the area. 

Supplementary feed 

For the reference period (2018 and 2019), a range of supplementary feeds (hay, lupins and 
oats) were either grown or purchased as sheep feed. In 2018, this equated to 1500t, while 
in 2019 this increased to 1800t. A summary is provided in Table 4. 
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KRF typically uses feed from January through to May each year; however, in recent years it 
has continued hand feeding throughout the year, excluding December. Approximately 10% 
of feed grown in 2019 was used to finish GRF lambs in the feedlot. 

Table 4. Supplementary feed type and source of  supply (purchased or grown  in 
tonnes) 

Feed type 2018 2019 

 Source 

Type Grown (t) Purchased (t) Grown (t) Purchased (t) 

Lupins 108 113 95 212 

Oats 750 0 600 251 

Hay 271 183 341 212 

Canola 28 0 89 0 

Pellets N/A 102 N/A 107 

 

Feedlotting of genetic resource lambs 

A total of 1000 lambs are fed in the feedlot as part of the GRF Trial Protocol for slaughter 
from October each year, with slaughter cohorts processed in groups of 250 lambs each 
month from January. All the GRF lambs are weaned onto the feedlot and remain there until 
each lamb in its sire group has reached its target weight. The average weight of lambs at 
weaning is 30kg. 

Given the research requirement to produce lambs in the feedlot, this area of the business is 
treated separately from the stock number calculations in the scenarios. With an estimated 
feed intake of 1.4kg/hd/day, 210t of feed is required (12.4MJ DM/kg) to achieve target 
weights. 

Overview of soil carbon and pastures 

Overview of soils 

The KRF is situated on low laterite hills east of the Katanning townsite.  The topography is 
very gently to gently undulating. The research station contains a variety of soils and 
landscapes that are representative of the region. Dominant soils are sandy gravels and 
moderately deep sandy duplex associated with rises, while grey clays, shallow sandy 
duplex and saline soils occur on broad flood plains. Waterlogging and salinity are the major 
land use limitations. For more detail on soils, refer to Appendix 3 Katanning Research 
Facility Soil Map and Appendix 4 Soil Types at Katanning Research Facility. 

Soils are typically low in organic carbon at KRF and are marginal to okay for the soil pH. In 
January 2020, in the top 10cm of soil the average organic carbon content was 1.8% and 
soil pH (CaCl2) 5.1. A summary of soil conductivity and pH are provided in Table 5 and 
individual paddock values are provided in Appendix 3. Owing to the climate and soil type, 
the opportunities for increasing soil carbon are limited. 
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Table 5. Summary of  soi l characterist ics in January 2020  

 Depth (cm) Mean Min Max SD CoV 

pH (CaCl2) 0–10 5.1 4.4 5.9 0.4 8.0 

pH (CaCl2) 10–20 5.2 4.4 7.0 0.6 10.9 

Electrical conductivity (mS/m) 0–10 6.9 2.9 13.8 2.6 37.5 

Electrical conductivity (mS/m) 10–20 6.5 3.9 9.8 1.7 26.4 

Organic carbon (%) 0–10 1.8 1.3 2.7 0.4 21.8 

 

Overview of pastures 

The pasture composition across grazing paddocks at KRF typically consists of legume 
(subterranean clover), annual ryegrass, prickle grasses (barley and brome grass), Guildford 
grass and capeweed. Five years ago, a survey by DPIRD’s Dr Perry Dolling and John 
Collins showed that the average legume content of pastures across the farm was 29%, 
ryegrass content was 7% and prickle grass content 18%. Capeweed was a dominant 
broadleaf weed at an average of 15% across the farm and dominating some paddocks in 
recent years. When the survey was conducted, 14 of the 33 paddocks contained >30% 
legumes (a level considered desirable by industry standards). Another 14 paddocks 
contained 15–30% legumes (considered at risk from seed bank decline due to false breaks 
or crop rotations). Five paddocks had a legume content of <15% and would require re-
sowing. 

The average annual rainfall at KRF from 2005–2019 was 426mm, and the average growing 
season rainfall during this period was 273mm (see Appendix 5). The typical break of the 
season was 27 May, but this varied between 21 March and the 21 July. Using pasture 
growth rates obtained from Pastures from Space (2020), pasture yield was estimated for 
10 to 15 paddocks across the farm. The average yield was 3701kg DM/ha/year and varied 
from 588 to 7979kg DM/ha/year (Figure 4). 

 

Figure 4. Total dry matter at Katanning Research Faci l i ty f rom 2005 to 2018  

On average, KRF pastures produced 8.2kg DM/ha for every millimetre of rain that fell within 
the year.The highest water use efficiency (WUE) occurred in 2013, which recorded 17.6kg 
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DM/ha.mm. The lowest WUE occurred in 2010, being only 2.1kg DM/ha.mm. A useful 
target for WUE is 15kg DM/ha.mm (Sanford et al. 2003). On this basis, KRF could have 
produced on average from 2005 to 2018 an additional 2872kg DM/ha.year. KRF currently 
produces only 57% of its potential pasture yield. The most efficient farms we are aware of 
produce around 80%. This analysis suggests that KRF could produce an additional 1500kg 
DM/ha.year and that a practical first step would be to set a goal of increasing pasture yield 
by 1000kg DM/ha.year. This could be achieved by addressing soil acidity and fertility, re-
sowing degraded pastures with more productive species, increasing legume content and 
managing grazing and stocking rates to increase yield and maintain desirable species. 

Overview of vegetation and vegetation carbon 

KRF is in the Broomehill Vegetation System, as classified by Beard (1980b), and is 
dominated by a broad undulating plateau that has largely been cleared for agriculture. The 
predominant natural vegetation system is eucalyptus woodland comprising Eucalyptus 
gardneri and E. wandoo. E. longicornis (red morrel), and Acacia and Allocasurina species 
present as smaller trees. 

 

 

Figure 5 Remnant vegetat ion on Katanning Research Faci l i ty ,  2020, shown as 
green shaded areas  

Note. Source DPIRD (2020). 

Remnant vegetation covers approximately 8% (excluding the large saline site in the south-
eastern corner) on KRF and is in varying states of health. It reflects the original native 
species but doesn’t have an intact understorey and has had extensive disturbance. 

Most of the natural vegetation at KRF can be found in small blocks in the west section of 
the farm, with further degraded blocks in the southern portion (Figure 5). There is a large, 
semi-cleared saline valley in the south-east corner that forms part of the airport block of 
360ha. 

Tree plantings are generally small and in strips or along drainage lines. An old agroforestry 
trial is located in paddock 16, which has deteriorated: some tree lines have been removed 
and the inter-row pasture species have declined. Salinity at the time of planting ranged from 
372mS/m in the south-east corner to 31mS/m in the centre of the paddock, with 



page 20 of 84 

groundwater at 0.6m. Paddock 17 was planted with saltbush in 1992 but has since 
deteriorated as a result of heavy grazing and general old age. 

A broad-sweep forest mapping exercise was undertaken by the Mullion Group in 2020 to 
provide a rapid assessment of carbon stocks in relation to forests. The report shows that on 
a whole-of-region scale, the forest carbon stocks are declining. The individual assessment 
for KRF reveals that a high-level assessment is not particularly useful or accurate in cases 
of degraded and scattered remnant vegetation at a property level. The report by the Mullion 
Group is provided in Appendix 5. 
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Materials and methods 

Goal and scope 

The study conducted a carbon footprint assessment of the KRF farm and of the products 
(grain, wool, sheep liveweight) leaving the farm. The system boundary of the study 
extended to the farm gate. As a multi-functional system, the reference flows comprised ‘one 
kilogram of greasy wool’, ‘one kilogram of sheep meat measured as liveweight’ and ‘one 
kilogram of grain (oats, barley, canola) or hay sold or used internally’. The research team 
determined total emissions from the farm, which were equivalent to the sum of the product 
mass and emission intensity of all products combined. 

The assessment was completed in accordance with international LCA guidelines, including 
ISO standards (14067), and with reference to the Livestock Environmental Assessment and 
Performance small ruminant LCA guidelines.5 In addition, the study applied methods 
published previously for Australian sheep and wool systems (Wiedemann, Ledgard et al. 
2015; Wiedemann et al. 2016a). 

For this study, we considered that carbon neutrality was achieved if the sum of emissions 
(carbon footprint) equalled the carbon sequestration (carbon removed and stored) 
achieved. Our study’s goal was to achieve carbon neutrality by the year 2030 and to 
develop strategies to achieve that goal. As an initial step, we established baseline 
emissions for the financial years 2018 and 2019 and assumed that these would remain 
largely static without intervention. 

Impact assessment and inventory modelling 

The emissions profile for mixed farming production systems that include ruminant livestock 
is generally dominated by emissions from livestock processes (Wiedemann, Ledgard et al. 
2015; Wiedemann, McGahan et al. 2015; Wiedemann et al. 2016a), particularly 
supplementary feed (production and processing), feed intake and enteric fermentation 
(Gerber et al. 2013). Therefore, particular attention must be given to the specific methods 
used to calculate these impacts from sheep meat and wool. 

In this study, the KRF research team determined livestock and manure emissions using 
methods consistent with the most recent National Greenhouse Gas Inventory Report (NIR; 
Department of Industry, Science, Energy and Resources 2018). We outline the specific 
prediction methods in the Carbon Footprint section below. The team completed inventory 
modelling using SimaPro 9.0 (PRé-Consultants 2020). The impact assessment used Global 
Warming Potential Values from the Intergovernmental Panel on Climate Change Fifth 
Assessment Report (AR5), as applied by the Australian NIR. These were 28 for methane 
and 265 for nitrous oxide. 

Emissions in the carbon account can arise from pre- or post-farm processes (upstream or 
downstream). The carbon account for KRF examined upstream emissions only, such as 
emissions from the manufacture of agrochemicals and production of purchased livestock. 
We describe these as ‘pre-farm’ emissions. 

We based modelling of GHG emissions from energy use and other purchased inputs on the 
inventory of purchased goods, services and transport distances. Published research has 
demonstrated that purchased services (e.g. accounting services, veterinary services) 

                                            
5 Environmental Performance of Large Ruminant Supply Chains: Guidelines for 
Assessment. Version 1 Technical Report, July 2016, Food and Agriculture Organization of the United Nations. 
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generally contribute negligible amounts (Wiedemann, Ledgard et al. 2015; Wiedemann, 
McGahan et al. 2015). We therefore excluded these from our account. 

Carbon footprint 

Livestock feed intake and livestock emission sources 

The KRF research team modelled feed intake using the Agricultural and Food Research 
Council (UK AFRC 1990) feed intake model, as applied by the NIR (Department of Industry, 
Science, Energy and Resources 2018), which determines intake from liveweight (LW) and 
feed availability. We determined feed supplement use from records of purchased inputs, 
and we considered pasture intake to be the residual of predicted feed intake less 
supplementary feed inputs. Total feed intake was modelled from the sheep flock data. The 
dominant livestock emission sources were enteric methane, manure nitrous oxide, manure 
methane, indirect nitrous oxide emissions arising from volatilised ammonia or nitrogen lost 
via leaching and run-off. 

Sheep flock data 

Production data for the sheep flock were accessed from farm records. Sheep flock data 
were derived from livestock book reporting by the station manager and deaths and sales 
recorded daily by staff. Flocks were modelled over each representative year from an 
inventory of breeding ewes, rams, wethers, hoggets and lambs through to the point of year-
end. Liveweight gain (LWG), a measure of the production of 1kg of liveweight, was 
calculated by the sheep class by weight gained over productive life, and attributed to the 
respective year. Modelling liveweight gain corrected the results for variable sales numbers 
and was considered more reliable than using records of liveweight sold. 

Table 4 shows the flock numbers and performance data used to model production during 
2018 and 2019 at KRF.  
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Table 6. Flock inventory data for Katanning Research Facil i ty ,  averaged over 2018 
and 2019 

Parameter 
Farm data 

2018 2019 

Breeding ewes (no. joined) 2892 3588 

Ewe standard reference weight (kg/head) 60 60 

Lambing (% at marking) 115% 109% 

Wethers (head) 31 31 

Ewe hoggets (head) 401 553 

Replacement ewes, rams and wethers purchased or transferred in 
(head)1 

1204 802 

Sales    

Number of lambs sold 1249 2676 

Cull rams, ewes and wethers  298 882 

Annual wool clip (total kg greasy) 22856 20928 

Total LW from sheep sales (total kg LW/yr) 55515 177745 

Total LWG from sheep flock (total kg LWG/yr) 141770 166759 

Modelled flock parameters   

Total wool sold, relative to number of breeding ewes (kg greasy 
wool/ewe-head/yr) 

7.9 5.8 

Net LW sold, relative to number of breeding ewes (kg LW/ewe/head/yr) 19.2 49.5 

Net LWG, relative to number of breeding ewes (kg LW/ewe/head/yr) 49.0 46.5 

Breeding ewe culling rate (%) 9% 24% 

Note. LW = liveweight; LWG = liveweight gain 

Liveweights of grazing animals, including ewes and hoggets, were taken on an individual 
basis and used where available. Wool weights were taken from flock averages at shearing 
for the age class. Lamb feedlot weights were calculated using actual weight turnoff per sire 
group and slaughter group. 

Crop emissions 

The KRF research team determined on-farm emissions of nitrous oxide from cropping using 
NIR methods and farm-specific activity data. The team determined plant residue levels 
using crop yield and crop type records and recorded relevant farm practices, such as 
stubble management. We also recorded nitrogen fertiliser inputs for each crop, which we 
used to determine direct and indirect nitrous oxide emissions from cropping. Other 
emissions were associated with purchased inputs, which are described in the section 
immediately below. 

A summary of crop production and outputs is presented in Table 7. 

  



page 24 of 84 

Table 7. Cropping product ion at Katanning Research Faci l i ty ,  2018 and 2019 

Parameter 
Farm data 

2018 2019 

Crop sown 

Lupins (ha) 107 99 

Oats (ha) 209 219 

Hay (ha) 54 107 

Canola (ha) 27 88 

Total Hectares Sown (ha) 397 513 

Crop yield 

Lupins (t) 108 95 

Cash crop (% of total) 0% 0% 

Supplementary feeding on farm (% of total) 100% 100% 

Oats (t) 750 600 

Cash crop (% of total) 100% 58% 

Supplementary feeding on farm (% of total) 0% 42% 

Hay (t) 271 341 

Cash crop (% of total) 32% 38% 

Supplementary feeding on farm (% of total) 68% 62% 

Canola (t) 28 89 

Cash Crop (% of total) 100% 100% 

Supplementary feeding on farm (% of total) 0% 0% 

Total crop yield (t) 1157 1125 

 

Purchases 

The KRF research team collected data for purchased inputs from purchase invoices, which 
we manage using the accountancy package Agrimaster. The team allocated fertiliser 
applications for phosphorus, potassium and sulphur on a percentage basis across both 
pasture and cropping rotations. We applied herbicides to cropping paddocks only. The 
proportions of diesel fuel and vehicles used by the livestock operation and the cropping 
operation were estimated only. 

Table 8 shows the inputs and services used at the farm level. On-farm energy comprised 
fossil fuel sources such as diesel, petrol and grid electricity. 
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Table 8. Inventory of  major inputs for Katanning Research Faci l i ty ,  2018 and 2019 

Parameter 
Farm data 

2018 2019 

Energy 

Electricity (kWh.yr-1) 50687 46424 

Electricity for sheep flock (% of total) 80% 80% 

Electricity for cropping (% of total) 20% 20% 

Diesel (L/yr) 22100 25732 

Diesel directly used for sheep flock (% of total) 25% 54% 

Diesel for cropping (% of total) 75% 46% 

Petrol (L/yr) 600 586 

Purchased supplementary feed 

Hay (t/yr) 183 212 

Lick block (t/yr) 2 6 

Lupins (t/yr) 113 212 

Pellets (t/yr ) 102 107 

Oats (t/yr) 0 251 

Other sheep flock inputs 

Pasture fertiliser — Super potash (t/yr) 59 82 

Animal health ($/yr) 37,440 80,593 

Cropping inputs 

Nitrogen fertiliser (Urea) (t/yr) 35 50 

Nitrogen fertiliser (Liquid N) (t/yr) 50 0 

Phosphorous fertiliser (Super potash) (t/yr) 25 32 

Other fertiliser (Muriat of potash) (t/yr) 0 10 

Other fertiliser (K Till extra) (t/yr) 70 42 

Herbicide (combined) (L/yr) 4590 3195 

Insecticide (combined) (L/yr) 246 526 

Other chemicals (combined) (t/yr) 0.8 1.1 

Transport of inputs 

Distance to major centre — Grain (km) 20 20 

Distance to major centre — Fertiliser (km) 150 150 

Distance to major centre — Wool (km) 300 300 

 

Land use and land-use change 

To assess historical changes in land-use associated with vegetation the KRF research 
team conducted satellite time series analysis using Landsat imagery, as recommended by 
the NIR. The period examined covered 1988 to 2018. No similar satellite dataset was 
available to assess historical soil carbon change, and the research team relied on literature 
and management records to develop an estimate of historical change. 
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Handling multi-functionality 

The farm produces sheep (wool and meat) and crops. The research team subdivided the 
inventory to enable separate accounting of the sheep and crop system. The approach of 
subdividing the system is not perfect. Crops are grown in rotation with pastures, and the 
latter form part of the livestock system. The pasture phase typically provides accumulated 
soil nitrogen from legume pastures to the crop phase. The pasture ley can also accumulate 
soil carbon that may be lost during cropping, while crops also provide stubble for sheep 
grazing and sheep provide weed control during the fallow. 

Experts do not agree on the rules for managing the flow of impacts between these different 
aspects; therefore, in the present study, we did not model impact flows . This decision 
aligned with the goal of treating the farm as a single unit with respect to achieving carbon 
neutrality. Tracking the complex flows between the systems was also less relevant in the 
present case because the majority of crops were subsequently fed to the sheep, meaning 
nearly all associated crop impacts were ultimately attributed to the sheep flock. 

Since the production of sheep meat and wool cannot be subdivided, we employed 
allocation rules for co-production. This applied the protein mass allocation method 
(Wiedemann, Ledgard et al. 2015). We estimated the protein mass of greasy wool by 
multiplying greasy wool mass and clean wool yield (Table 10). We assumed the protein 
content of clean wool on a dry matter basis to be 100% and the protein content of 
liveweight to be 18% (Wiedemann, Ledgard et al. 2015) based on body composition. 

Carbon reduction strategy 

To identify and focus on the most relevant mitigation and sequestration options, the KRF 
research team implemented a screening process to assess the potential of options and 
identify technical barriers to their application at the KRF farm. 

The screening process assessed each mitigation and sequestration option using the 
following criteria: 

 percentage of emissions profile, where applicable 

 technical mitigation and sequestration potential (% of reduction in emissions possible, 
sequestration rate in t CO2-e  ha-1) 

 percentage of the property to which this option could be applied (for example, ha of land 
available for tree planting) 

 percentage of adoption across the proportion of the operation (this represents how 
much uptake is likely. For example, while anti-methanogenic pastures may be possible 
to plant across the whole farm, if only one or two paddocks are identified for planting this 
will be <100%) 

 estimated mitigation potential for KRF. 
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Carbon footprint results 

Carbon footprint 

Total emissions for the KRF farm were 2406 and 2553t CO2-e  for 2018 and 2019, 
respectively, excluding soil and vegetation carbon change. This provided a baseline for 
KRF of 2480t CO2-e . Most emissions arose from the sheep flock (Figure 6 below), with 
lower contributions from cropping. 

On-farm flock enteric methane emissions dominated the emissions profile for the KRF farm 
in both years, although emissions from purchased sheep made a substantial contribution in 
2018. This decreased in 2019 following a significant reduction in the number of purchased 
livestock due to drought conditions. Fertiliser and crop treatments (herbicide, insecticide, 
pesticide) contributed 11% of the carbon footprint in both years, with fossil fuel (diesel and 
electricity) accounting for 4% of farm emissions. On-farm flock manure remained steady at 
5% in both reference years. Figure 6 provides the emissions breakdown and subsequent 
hotspots for the KRF farm in each year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Katanning Research Faci l i ty emissions contr ibut ion analysis , 2018 and 
2019 

Based on the above results for both 2018 and 2019, the KRF research team established 
the KRF baseline carbon footprint (Figure 7). 
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Figure 7. Katanning Research Faci l i ty emissions contr ibut ion analysis for the 
basel ine period, averaged over 2018 and 2019 

The carbon footprint for KRF is presented in Table 9, showing emissions from livestock, 
purchases and cropping activities. 
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Table 9. Katanning Research Faci l i ty  greenhouse gas emissions in carbon dioxide 
equivalents  

Emissions source GHG contribution 
(t CO2-e ) 

 2018 2019 Baseline 

Flock enteric methane2 1366 1650 1508 

Flock manure2 114 137 125 

Purchased livestock3 292 34 163 

Crop nitrous oxide 81 80 80 

Supplementary feed (purchased) 38 45 42 

Diesel1 78 81 79 

Electricity1 30 22 26 

Fertiliser1 188 210 199 

Herbicide and insecticide1 80 72 76 

Other services1 140 222 181 

Whole farm carbon footprint 2406 2553 2480 

Note. 1 Represents emissions from the whole farm, including sheep and cropping enterprises. 2 Represents 
emissions source only from the KRF sheep flock. 3 Represents emissions from sheep breeding on other 
farms, prior to purchase by KRF. 

It was possible for the KRF research team to separate emissions across the KRF farm into 
those directly associated with sheep management and those associated with cropping, 
thereby reflecting the different management units of the property. However, most grain from 
the cropping enterprise was subsequently fed to sheep, so these emissions ultimately 
contribute to the total emissions for wool and sheep meat production. Nonetheless, to 
identify emission reduction activities it was useful to separate these. Results revealed 80–
82% of emissions from sheep management and 18–20 % from crop management. 

The research team reported changes in soil and vegetation carbon separately. We 
assessed historical vegetation carbon change by analysing vegetation cover and carbon 
stock changes between 1988 and 2018 (the latter being the most recent time period 
available). This analysis revealed that carbon stocks have fluctuated during different 
periods over the past 30 years; however, the net change was negligible, indicating 
reasonably stable vegetation communities. We note that this analysis was not detailed 
enough to identify on-farm tree planting activities unless these were done in large blocks. 
The findings are provided in Appendix 5. 

For this study, we assumed soil carbon to be stable over the mid-term (10 years) prior to 
initiating practice changes to achieve carbon neutrality, based on a review of historical farm 
management and soil tests. 

Sheep operation — Product carbon footprint 

A summary of emissions intensity according to sheep product is presented for both years of 
the KRF study in Table 10 below. 
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Table 10. Emissions intensity by sheep product, 2018 and 2019 

Emissions intensity by sheep product 

    2018 2019 

Liveweight gain emission intensity  kg CO2-e 9.5 9.9 

Greasy wool emission intensity  kg CO2-e 30.2 31.6 

Wool 

The KRF research team found that the carbon footprint (including all on-farm and pre-farm 
sources) for wool was higher than demonstrated by previous research of comparable 
Western Australian systems (Eady et al. 2012; Wiedemann et al. 2016a), which ranged 
from 23–26kg CO2-e.GW-1 when GWP100 values and allocation methods were revised to 
align with the current project. Following these corrections, we found the differences were 
related to overall system productivity, with lower wool yields per breeding ewe in the KRF 
system. This was partly explained by the fact that we modelled the sheep flock by 
combining the Dorper and Merino flocks, which had the effect of reducing wool yields 
relative to emissions and slightly overestimating impacts for wool. This could be improved in 
future iterations by separating the two flocks and modelling these separately. 

Primarily, sheep processes influenced on-farm sources contributing to sheep flock 
emissions — 70.6 % contribution from enteric methane in 2018 and 79.0 % in 2019, while 
manure emissions accounted for 5.9% and 6.5%, respectively. Purchased sheep 
dominated pre-farm emissions sources for the sheep flock — a 15.1% contribution in 2018, 
although this dropped to 1.6 % in 2019 with a significant reduction in livestock purchases 
due to drought conditions. Services, which included a substantial contribution from 
supplementary feed, contributed (8.4 %) in 2018, and (12.8 %) in 2019. A decrease in 
livestock purchase drove the shift in hotspots for 2019. 

Liveweight gain 

The carbon footprint (including all on-farm and pre-farm sources) for liveweight gain was 
9.5kg CO2-e.kg LWG-1 in 2018 and 9.9 kg CO2-e.kg LWG-1 in 2019. Values found in 
previous studies for liveweight sold in comparable systems ranged between 6.9 and 
7.5kg CO2-e.kg LW-1 (Wiedemann et al. 2016b). Lower growth rates for lambs, resulting in 
more emissions from the lamb flock prior to sale than had been observed in the comparison 
studies, partly explained this. 

Cropping operation — Product carbon footprint 

LCA results revealed the emissions (i.e. pre- and on-farm sources) from the production of 
1kg of crop type, as presented in carbon dioxide equivalents (Table 11). More than 60% of 
the emissions from cropping were from purchased fertilisers and herbicides (i.e. pre-farm 
emissions and on-farm application — direct field nitrous oxide emissions), 10–15% from 
diesel consumption, and <5% from electricity. The residual 20% arose from direct seed 
emissions in both years. 
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Table 11. Emissions intensity by crop product  

Crop type 
Emissions intensity (kg CO2-e/kg crop) 

2018 2019 

Lupins 0.59 0.48 

Oats 0.31 0.29 

Hay 0.22 0.28 

Canola 1.21 0.78 

 

Emission intensities for crops grown at KRF were significantly higher than the emissions 
intensity referenced by AusLCI for farms in WA. These studies reported an emissions 
intensity of 0.546 and 0.177kg CO2-e per kg of the crop for canola and lupins, respectively 
(ALCAS 2017). A similar value — 0.468kg CO2-e per kg of the crop — is reported for 
canola production in comparable Australian systems (Eady 2017). 

The KRF result was primarily due to the higher ratio of inputs and lower crop yield at KRF 
during the years assessed. In this study, it was particularly evident that a reduction in inputs 
during 2019 and more typical years resulted in relatively lower emissions intensities across 
all crop types. Despite these efficiency gains witnessed in crop production for 2019, canola 
emissions intensity remained 40% higher than found in comparative studies (Eady 2017), 
and lupins (Barton et al. 2014) were more than double. Improvements could be made by 
managing inputs and maximising yields. It is also possible that the comparative studies, 
which were based on ‘ideal management’ rather than on actual surveyed farm performance, 
might have under-estimated emissions for crops grown in commercial conditions in 2018 
and 2019, suggesting caution should be used in over-emphasising the comparatively higher 
emissions observed at KRF.  
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Reducing crop emissions 

KRF crops the more productive paddocks more often, and this results in short pasture and 
long crop phases. Consequently, the legume component of pastures is generally low. 
Therefore, if the pasture legume component can be increased either via re-sowing or 
management, then less fertiliser nitrogen would be required, which would reduce 
emissions. Another way of improving the pasture legume component would be to reduce 
the permanent pasture and expand the number of paddocks that are in rotation. 

Replacing the area sown to canola and lupins with more productive crops and maintaining 
the total crop area will improve emissions intensity rather than reduce emissions. Reducing 
the crop area and allowing the current stock numbers to be grazed on a greater area will 
reduce emissions directly related to crop and indirectly via reduced stocking rates. 
However, there are costs associated with reducing the crop in terms of the overall business 
because more grain will need to be purchased. One way to minimise the impact of 
emissions is to replace most of the oats with barley for on-farm use. Oats has a lower 
energy content compared with barley, and therefore less barley at equivalent yields needs 
to be grown to match the energy content of oats. 

Other potential strategies to reduce emissions include improving weed control, thereby 
reducing the amount of crop as a result of improved grain yields. Another strategy is to 
acquire more efficient machinery. KRF’s current cropping machinery is aging. More efficient 
machinery could be incorporated via purchasing new machinery or by employing 
contractors who operate modern machinery. 

Screening results 

The options screened for reducing crop emissions at KRF farm are listed in the table below. 
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Table 12. Potent ial strategies screened for reducing crop emissions at KRF farm  

Strategy How Positives Negatives 

Improve pasture 
legume content prior to 
crop 

Reduce fertiliser nitrogen input; 
aim for 25–50% reduction; 
improve carbon efficiency 

Better sheep feed; 
higher crop yield 

Requires inputs and 
management time; reduces 
the quantity of pasture at 
certain times 

Reduce crop amount to 
30% of actual land in 
rotation or 330ha  

Longer pasture and shorter crop 
phases will reduce fertiliser 
nitrogen input and potentially 
increase soil carbon stocks 

More productive 
pastures; higher crop 
yields; labour can be 
used elsewhere 

Less stubble over summer; 
less own-grown grain for 
sheep 

Maintain crop amount 
but use the total arable 
area in rotation 

Longer pasture and shorter crop 
phases will reduce fertiliser 
nitrogen input and potentially 
increase soil carbon stocks 

Maintain stubble 
amount; less 
requirement to buy in 
grain; higher crop yields 

Not as easy to manage stock 
at certain times; some areas 
of paddocks cannot be 
cropped 

Grow less canola, use 
for strategic weed and 
disease control only 

Reduce nitrogen from fertiliser 
and improve carbon efficiency 
as canola yields are low 

Replace in rotation with 
grain that is used on 
farm 

Less cash flow 

Grow less lupins and 
hay and use for 
strategic weed and 
disease control only 

Reduce nitrogen from fertiliser 
(hay) and improve carbon 
efficiency since lupin yields are 
low and hay is low in energy 

Replace in rotation with 
grain that is more 
efficient at converting 
carbon into energy 

Need to buy in lupins to 
obtain protein for young 
livestock 

Grow more barley and 
less oats 

Improve carbon efficiency 
because energy content in 
barley is higher 

Better quality stubbles 
for sheep 

Sheep need an adjustment 
period 

Use a greater range of 
tools to control weedsA 

Improve carbon efficiency; 
reduce herbicide use 

Higher crop yields 

Requires inputs and 
management time; reduces 
the quantity of pasture at 
certain times 

Upgrade machinery  
Direct reduction in carbon use 
by using more efficient 
machinery 

Less downtime Capital cost 

Maintain or increase 
soil organic matter 

Increase carbon and nitrogen 
inputs by using pasture legumes 
and cereals 

More productive and 
fertile soils 

None 

Employ contractors 
Direct reduction in carbon use 
by using more efficient 
machinery 

Labour can be used 
elsewhere 

Less control over when 
operations occur when using 
contractors; biosecurity risk 

Use dual-purpose 
crops  

Improve carbon efficiency More sheep feed earlier 
Grazing reduces yields when 
sown late 

Reduction in N fertiliser 
Nitrous oxide is a highly active 
GHG released from crop and 
pasture using N fertilisers. 

Use soil/tissue tests to 
apply only the amount 
needed; less labour 

Less crop/pasture yield 

Nitrification inhibitors 

Inhibitors are mixed with N 
fertiliser. Reduce nitrification and 
nitrate leaching and production 
of nitrous oxide 

Less nitrate leaching 
Extra cost; 
extra labour for the 
application 

Prevent waterlogging 
Under waterlogged conditions; 
nitrate can be denitrified to form 
nitrous oxide 

Improved crop/pasture 
growth 
 

Cost; management difficulties 
of banks/drains 

Note. A More effective use of herbicides by using more a greater range of tools to control weeds including 
control in pasture two years or more before crop by using livestock and herbicides, greater rotation of various 
crop types and if required harvest weed management. N = nitrogen. GHG = greenhouse gas. 

Table 13 below lists a number of potential strategies  and their relative potential impact on 
emissions at KRF farm. Following the table, we supply further details about the major 
strategies to consider. 
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Table 13. Potent ial strategies to reduce crop emissions at KRF farm and their 
relat ive contr ibut ion o emissions 

Strategy 
% of the 
emission 

profile 

Technical 
mitigation 
potential 

% of 
operation 

where 
applicable 

% potential 
adoption across 
the fraction of 

operation where 
applicable 

Estimated 
mitigation 
potential 
for KRF 

Improve pasture legume 
content prior to crop to 
reduce N fertiliser 

6%A 50%B 75%C 30%D 0.8% 

Reduce crop by 30% at full 
N fertiliser 

20% 30% 100% 100% 6.0% 

Reduce crop by 30% at 
50% N fertiliser 

20% 30% 100% 100% 6.0% 

Change crop typesE at full 
N fertiliser 

20% 23% 100% 100% 4.6% 

Change crop typesE at 50% 
N fertiliser 

20% 23% 100% 100% 4.6% 

Greater range of tools to 
control weedsF 

20% 12% 100% 100% 2.4% 

Change crop types, plus 
reduce N fertiliser by 50%, 
plus better weed control 

20% 29% 100% 100% 5.8% 

More efficient machinery or 
contractors with modern 
machinery 

2% 10% 100% 100% 0.2% 

Notes. A Crop emissions are 20% of the total, and nitrogen fertiliser is 28% of the crop emissions. B 50% 
reduction in nitrogen use. C 75% of the total crop is planted to non-legumes where nitrogen fertiliser was 
applied. D The biggest impact will be on the first crop in the rotation, which will decline in subsequent crops. 
E Change crop types to maintain total energy produced — reduce canola to 50ha and sow 75ha oats (for 
paddocks suited to oats) and makeup remaining energy with barley (270 ha). This will allow 23% less crop to 
be grown. F A 10% improvement in yields of all grain and hay used for supplementary feeding will result in 
12% less area. KRF = Katanning Research Facility. N = nitrogen. 

Reduce crop by 30% at 50% nitrogen fertiliser 

Description 

This strategy reduces the crop area by 30% and uses 50% less nitrogen fertiliser on non-
legume crops. Less crop will allow longer pasture phases and shorter crop phases: 
approximately two years of pasture and one year of crop. Management or re-sowing to 
improve pasture legume content will be supported by less intense cropping. The greater 
supply of soil nitrogen will reduce the requirement for nitrogen fertiliser. This strategy is 
dependent on stock numbers not increasing since stock produces higher net emissions 
than the crop. 

Mitigation mechanism and potential 

The strategy will result in a direct reduction in crop emissions of 6% (see Table 13 above) 
because a smaller area will be used for crops. Better legume composition in the pasture 
allows less nitrogen fertiliser to be used, reducing emissions by an additional 0.5%. 

Co-benefits 

This strategy improves pasture productivity because it is likely to produce greater pasture 
density. It may also increase soil carbon because pasture phases increase soil carbon, 
while crop at best maintains soil carbon. 
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Change crop types at full N fertiliser 

Description 

Most of the grain grown on farm is used to feed sheep to supply them with energy. A high 
proportion of the crop is oats and hay, which have a low energy content. Both of these crop 
types could be replaced with a grain that has a higher energy content, such as barley. This 
would allow 23% less crop to be grown to achieve the same total energy supply to sheep. 
This strategy is dependent on stock numbers not increasing because stock produce more 
emissions than the crop. The strategy is relatively easy to implement because it requires a 
management change. 

Mitigation mechanism and potential 

The strategy will lead to a direct reduction in crop emissions of 4.6% (see Table 13 above) 
as a result of a smaller crop area. 

Co-benefits of changes 

This strategy improves pasture productivity because there is likely to be greater pasture 
density. This will result in less supplementary feeding. It may also increase soil carbon 
because pasture phases increase soil carbon, while crop at best maintains soil carbon. 

Greater range of tools to control weeds 

Description 

This strategy will result in more effective control of weeds using a greater number of tools 
than previously used on KRF farm. Strategies include: 

 weed control in pasture two years or more before crop by using livestock and herbicides 

 greater rotation of various crop types 

 harvest weed management. 

A 10% improvement in yields of all grain and hay used for supplementary feeding will result 
in 12% less area required to produce the same total energy for sheep feed. This strategy is 
relatively easy to implement because it requires a management change. 

Mitigation mechanism and potential 

The strategy will lead to a direct reduction in crop emissions of 2.4% (see Table 13 above) 
because a smaller crop area will be used. 

Co-benefits of changes 

This strategy improves pasture productivity because there is likely to be greater pasture 
density. This will result in less supplementary feeding. It may also increase soil carbon 
because pasture phases increase soil carbon, while crop at best maintains soil carbon. 

Change crop types, increase yield and reduce nitrogen fertiliser by 50% 

Description 

This strategy combines three strategies (discussed above) to achieve a nearly 30% 
reduction in crop area but maintain total energy to supply sheep feed. It involves changing 
crop type from oats and hay to barley and increasing the crop yield by more effective 



page 36 of 84 

control of weeds. The third component is to reduce fertiliser nitrogen by achieving better 
growth of pasture legumes. This strategy is relatively easy to implement because it requires 
a management change. 

Mitigation mechanism and potential 

The strategy will result in direct reduction in crop emissions of 5.8% (see Table 13 above) 
as a result of using a smaller area for crops. 

Co-benefits of changes 

This strategy improves pasture productivity because there is likely to be greater pasture 
density. This will result in less supplementary feeding. It may also increase soil carbon 
since pasture phases increase soil carbon, while crop at best maintains soil carbon. 
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Reducing livestock emissions 

When sheep digest feed, approximately 6% of the gross feed energy they consume is lost 
in the form of methane gas, often called ‘enteric methane’.6 At KRF farm, the emissions 
from livestock are closely related to the total number of sheep run. Sheep management at 
KRF farm contributed some 80–82% of emissions (excluding supplementary feed grown on 
farm in the cropping system). Total livestock emissions averaged over the two years were 
2012t CO2e (Figure 8). 

Of these emissions, enteric methane contributed 75% (avg. 1508t CO2e), manure 
contributed 6% (125t CO2e) and other services and inputs (e.g. diesel, fertiliser) contributed 
11% (214t CO2e). Purchased sheep also contributed 8% to emissions impacts. In a self-
replacing flock, these emissions would contribute principally to enteric methane and manure 
emissions, elevating these to a larger contribution of the total. 

 

Figure 8. The proport ion of  emissions f rom dif ferent sources on Katanning 
Research Faci l i ty over  2018–2019 

The emissions profile of the feedlot 

For the reference years, the sheep ration had an estimated emission intensity of 
0.37kg CO2-e per kilogram. Total emissions for 2018 and 2019 equated to approximately 
37,994.7kg CO2-e and 39,968.9kg CO2-e, respectively. This was for the combined usage of 
pellets — 102t for 2018 and 107t for 2019 — totalling 209t. 

In 2021, the feedlot will use a pellet ration with the nutritional profile described in 
Appendix 6. For 2021, total emissions for the pellet ration are estimated to be 
74,499.4kg CO2-e, based on the above emissions intensity (0.37kg CO2-e per kilogram), 
and an approximate quantity of 200t. 

The emissions attributed to the lambs grown in the feedlot from November (until the last kill 
group is processed) was 85.9t CO2-e  for 2018 and 88.7t CO2-e  in 2019. The baseline 
was established using the following inventory data, as presented by the DPIRD, and 

                                            
6 Details on how Australia has measured methane emissions from livestock can be found at https://www.agriculture.gov.au/ag-farm-
food/climatechange/australias-farming-future/livestock-emissions. 

https://www.agriculture.gov.au/ag-farm-food/climatechange/australias-farming-future/livestock-emissions
https://www.agriculture.gov.au/ag-farm-food/climatechange/australias-farming-future/livestock-emissions
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emissions results from subsequent livestock modelling (Table 14). We calculated this as 
87.3t CO2-e . 

Table 14. Feedlot  numbers and l iveweight gain  and emissions 

Genetic Resource Flock feedlot inventory and 
emissions 

2018 2019 

Livestock number* 817 904 

Average days in feedlot 135 148 

Average liveweight gain (kg) 18.0 24.1 

Total emissions (t CO2-e ) 85.9 88.7 

Note. *This represents all sheep head numbers from the feedlot (comprising Dorper and Merino breeds). 

Screening results 

The options screened for reducing livestock emissions are listed in Table 15 below. 
Broadly, they entail either changing stock numbers, changing the genetics of the stock 
carried or changing the feed base of the stock, including trialling anti-methanogenic feed 
additives.  The sections following Table 15 discuss these options in more detail. 
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Table 15. Mit igat ion and sequestrat ion options for reducing l ivestock emissions  

Mitigation or sequestration 
option 

% of the 
emission 
profile 

Technical 
mitigation 
potential 

% of flock 
where 
applicable 

% 
potential 
adoption 
across 
the 
fraction 
of flock  

Contingencies 

Estimated 
mitigation 
potential 
for KRF 

Reducing total sheep 
numbers by mating all 
replacement ewes to Merino 
sires 

75% 15% 98% 100% 
That the lambing rate is maintained at 100% to allow for 
replacement ewes. That there are no further demands on flock 
numbers due to research 

11.0% 

Reducing carrying capacity 
and total livestock numbers 
by buying in replacement 
adult ewes 

75% 36% 98% 100% 
That adults ewes are available and suitable. That there are no 
further demands on flock numbers due to research. Add in 
purchased ewes emissions 

26.5% 

Reducing carrying capacity 
and total livestock numbers 
by buying in replacement 
maiden ewes 

75% 35% 98% 100% 
That maiden ewes are available and suitable. That there are 
no further demands on flock numbers due to research 

25.7% 

Introducing anti-
methanogenic legumes, e.g. 
biserrula 

75% 16% 98% 60% 
Estimates from comparisons with sub. Clover (Banik et al 
2016) 

7.1% 

Introducing anti-
methanogenic feed additive 
3NOP 

75% 70% 80% 40% Estimates from NLMP II. Available five months of the year 16.8% 

Introducing anti-
methanogenic feed additive 
Asparagopsis  

75% 85% 100% 100% 

That the application method is widely applicable. If delivered 
via a supplement with other feeding, adoption may fall to 
25–40% depending on fraction of the flock and fraction of the 
year when supplementary feed is used  (Li et al 2016) 

63.8% 

Breeding more efficient 
sheep — for fast growth, 
weaning rates and feed 
efficiency/low methane 

75% 2% 28% 100% Estimates from NLMP II 0.4% 
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Reducing total sheep numbers by ensuring all Merino matings in replacement flock 

Mating all the backup ewes at KRF to Merino sires will reduce the requirement for Merino 
ewes in the replacement flock from 557 to 195. 

To generate sufficient Border Leister ewes for the GRF without the need to purchase 
further ewes, rams will be mated to the GRF backup Border Leister ewes. 

 

 

Figure 9. Dry sheep equivalent (DSE) for Option 1: Al l replacement Merino ewes 
are mated to Merino rams 

 

Mitigation mechanism and potential 

This option would reduce the average stocking rate to 6023 DSE (minus feedlot animals) 
annually and the winter grazed stocking rate to 6286. The option will also reduce the 
maximum number of grazed sheep on KRF from 8655 to 7525, or 85% of current sheep 
numbers. 

Table 16. Emissions potent ial of  reducing sheep numbers to 85% of the current 
stock 

Emission type 
Current emission 

(t CO2-e ) 

Emissions at 85% of 
current flock size 

Reduction potential 

Direct livestock 1508 1282 15% 

Manure 125 107 15% 

Supplementary feed 
(Grown) 

170 145 15% 

Supplementary feed 
(Purchased) 

42 35 15% 

Purchased livestock 163 163 0% 
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Co-benefits of changes 

A number of co-benefits exist to reducing the number of sheep run on the facility. These 
include: 

 reduced supplementary feed — either grown or purchased 

 more opportunities to defer graze at the break of the season 

 a greater focus on reproductive rate and weaning weights 

 opportunity to renovate annual pastures and improve pasture growth rates. 

The outcome of this option is reducing the emissions intensity of sheep liveweight and 
wool produced, as well as reducing total emissions of the sheep enterprise. 

Reducing total livestock numbers by buying in replacement maiden ewes 

Rather than running a full replacement flock, all Merino ewes that are required to replace 
ewes in trials would be purchased as maiden ewes. These ewes would be mated as 
maidens to a Merino sire, and all successful breeders would be utilised the following year 
in the GRF trial. This would amount to 450 ewes at a culling rate of 30% per year. 

This option would reduce the total stocking rate because there would be no requirement to 
run a full replacement flock or carry ewe lambs from the replacement flock over the 
following year to become maidens (Figure 10). 

 

Figure 10. Dry sheep equivalent (DSE) for Option 2: All replacement Merino ewes 
are mated to Merino rams 

This option is achievable and reliable. However, the purchase, at 
approximately $200/head, would total $50 000, some of which would be offset by reduced 
supplementary feed costs. 

Mitigation mechanism and potential 

This option would reduce the average annual stocking rate to 4457 DSE (minus feedlot 
animals) and the winter grazed stocking rate to 5260. The maximum number of grazed 
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sheep on the KRF farm would reduce from 8655 to 5820, or 65% of current sheep 
numbers. 

The impact of a reduction to 65% of the current stocking rate, through option 2 is shown in 
Table 17. 

Table 17. Emissions potent ial of  reducing sheep numbers to 65% of current stock 
numbers (t  CO2-e ) with 166 Merino ewes purchased as replacements  

Emission type Current emission  
Emissions at 65% of 
current flock size 

Reduction potential 

Direct livestock 1508 980 35% 

Manure 125 81 35% 

Supplementary feed 
(KRF-grown) 

170 111 35% 

Supplementary feed 
(purchased) 

42 27 35% 

Purchased livestock 163 257 0% 

 

Co-benefits of changes 

A number of co-benefits would result from reducing the number of sheep run on the facility 
by purchasing maiden ewes. These include: 

 reduced supplementary feed required because of lower numbers of growing sheep, 
particularly over the summer months, either grown or purchased 

 more opportunities to defer graze at the break of the season 

 a greater focus on reproductive rate and weaning weights 

 opportunity to renovate annual pastures and improve pasture growth rates 

 opportunity to purchase low carbon intensity ewes where available. 

This option has the potential outcome of reducing the emissions intensity of liveweight 
sheep and wool produced as well as the total emissions of the sheep enterprise. 

Reducing livestock numbers by purchasing replacement adult ewes 

Rather than running a replacement flock, for this option, all ewes required to replace ewes 
in trials would be purchased as adult ewes and as proven breeders. This would comprise 
450 ewes at a culling rate of 30% per year. This approach would reduce the total stocking 
rate by reducing the requirement for maiden ewes and lambs to be carried over the 
autumn and winter months prior to inclusion in the GRF (Figure 11). 
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Figure 11. Dry sheep equivalent (DSE) for Option 3: All replacement Merino ewes 
are mated to Merino rams 

This option is achievable and reliable. However, the purchase at approximately 
$200/head, would total $90 000, of which some would be offset by reduced supplementary 
feed costs. 

Mitigation mechanism and potential 

This option would reduce the annual DSE to 4428 sheep (minus feedlot animals) and the 
winter grazed stocking rate to 5650 since there would be no requirement to run a 
replacement flock or carry ewe lambs or ewe hoggets, other than those required for the 
YSF, over the following year. The maximum number of grazed sheep on KRF farm would 
reduce from 8655 to 4802, or 55% of current sheep numbers. 

Table 18. Emissions potent ial of  reducing sheep numbers to 55% of current stock 
numbers (t  CO2-e ) with 435 Merino ewes purchased as replacements  

Emission type Current emission  
Emissions at 55% of 
current flock size 

Reduction potential 

Direct livestock 1508 829 45% 

Manure 125 69 45% 

Supplementary feed 
(KRF-grown) 

170 94 45% 

Supplementary feed 
(purchased) 

42 23 45% 

Purchased livestock 163 411 0% 

 

Co-benefits of changes 

The co-benefits of this option are as follows: 
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 Purchasing proven breeding ewes would reduce the number of culls required after 
mating is concluded. 

 Lower numbers of Merino weaners would need managing over summer as part of a 
replacement flock. 

Trialling methane-mitigating additives such as Asparagopsis  

This option concerns the introduction of methane-mitigating additives—for example, 
Asparagopsis—into feed. The Asparagopsis species of seaweed produces a bioactive 
compound called bromoform, which prevents the formation of methane by inhibiting a 
specific enzyme in the gut during the digestion of feed. The CSIRO has developed a feed 
additive called FutureFeed, which uses a variety of Australian seaweed that significantly 
reduces livestock methane emissions. This is currently in the development stage, with 
further work on delivery mechanisms and mitigation potential to be completed in sheep 
flocks. 

Key points from trials show: 

 The amount of Asparagopsis required to eliminate methane was low. 

 Supplementing cattle feed with 0.05%, 0.10% and 0.20% Asparagopsis reduced 
methane production by 9%, 38% and 98%, respectively. 

 Asparagopsis inclusion in sheep diets resulted in a consistent and dose-dependent 
reduction in enteric CH4 production over time. It delivered 80% reduction in CH4 when 
offered in sheep diets at 3% compared with the group fed no Asparagopsis (P <0.05).  

 Sheep fed Asparagopsis had a significantly lower concentration of total volatile fatty 
acids and acetate, but a higher propionate concentration. No changes in liveweight 
gain were identified. 

 Supplementing Asparagopsis in a high-fibre diet (<2% organic matter) resulted in 
significant and persistent decreases in enteric methanogenesis over a 72-day period. 

 The bioactive compound in Asparagopsis, bromoform, can be unsafe if consumed in 
high amounts, but there was no trace detectable in the meat, kidney or fat tissues of 
steers fed Asparagopsis at the inclusion rates studied. 

A barrier to the commercialisation of Asparagopsis is the mass production of this specific 
macro alga at a scale to provide supplementation to livestock. Another area requiring 
research is the most appropriate method for processing (dehydration) and feeding to 
livestock in systems with variable feed quality and content. South Australia is currently 
conducting an aquaculture trial to investigate the commercial-scale production of this 
seaweed. 

Mitigation mechanism and potential 

Once commercially available as an additive for sheep, Asparagopsis could be used as a 
coating on supplementary grains or incorporated into pellets, which then could be fed 
through a lick feeder, using grain trails or in a feedlot or confinement area. Typically, 
sheep at KRF farm are fed supplementary grain for at least six months of the year. This 
could relate to 50% of the mitigation potential being realised, with little extra infrastructure 
or labour required. 
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Table 19. Emissions reduction potent ial  of  using Asparagopsis  ( t  CO2-e) 

Emission type  Current emission 
Potential 
emission 

Reduction 
potential 

Direct livestock enteric methane 
(feeding 6 months)  

1508 754* 50% 

Direct livestock enteric methane 
(feeding 12 months)  

1508 30* 98% 

Note. *Inclusion rate of 0.385% of dry matter intake based on Kinley et al. 2020. 

Co-benefits of changes 

No change in feed intake was apparent across the different levels of Asparagopsis 
inclusion in the feed during trials with cattle. However, at the inclusion levels of 0.10% and 
0.20% organic matter (0.1925 and 0.385% dry matter, respectively), there was an 
indication of weight gain improvement of 53% and 42%, respectively. Given the small 
sample size of cattle, this needs to be confirmed with further work. 

Breeding low methane sheep  

Selective breeding of sheep is an option for decreasing methane emissions, although we 
did not include this option in our screening. Through selection, it appears that methane 
production can be lowered per unit of feed intake. Additionally, feed conversion may be 
improved: selectively bred sheep eat less per unit of weight gain, and therefore produce 
less methane. 

Selective breeding of sheep for reduced methane emissions is possible. This could be 
achieved by selecting sheep: 

 that produce less methane per unit of feed intake (that is, lower methane yield), and/or 

 have a higher feed conversion efficiency. That is, they eat less to produce the same 
weight gain, and they produce less methane than average for their level of productivity. 

The opportunities in selecting sheep for reduced methane production are as follows: 

 A 10% higher growth rate reduces methane emissions by about 3%. 

 Improving feed-use efficiency by 10% reduces methane emissions by 3–10% and 
increases profit by 9–10%. 

AgResearch New Zealand has shown, using sheep bred for high and low methane over 
two generations, that the amount of methane a sheep produces during digestion is partly 
controlled by genetics. The organisation demonstrated a 10% difference in methane 
produced between the average sheep in both the high and low methane breeding lines. 

Beef and Lamb NZ now offer a breeding value for methane. To be included in the genetic 
value scheme, ram breeders must measure a proportion of their ram flock using a portable 
methane measurement chamber. In 2021, Sheep Genetics and the DPIRD will start to 
measure progeny from the sire groups in the GRF hosted at KRF as part of the evaluation 
of methane trial properties. 
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Mitigation mechanism and potential 

Based on the New Zealand work, a 10% reduction in methane using measured sires over 
two generations is possible. 

A consideration is that selecting for lower methane emissions could lower the genetic 
changes in other traits owing to more traits to select simultaneously, or there may be 
negative correlations with other traits. 

Table 20. Emissions reduction potent ial f rom using emerging genetic breeding 
values over two generations (6  years) (t  CO2-e) 

Emission type 
Current 

emission 
Potential emission Reduction potential 

Direct livestock 1508 Emissions decline to 1357 
over 10 years 

10% over 10 years 

 

Co-benefits of changes 

Two associated benefits of this option are described below. 

 The genetic change is permanent. 

 There may be associated efficiency gains in liveweight. 

Pasture management and soil carbon sequestration 

Background 

Soils represent a potentially significant sink for carbon and offer potential benefits to farm 
productivity. Agronomists and soil scientists agree that most agricultural soils can store 
more carbon and that even a modest increase in carbon stocks across the large land 
areas used for agriculture would represent substantial carbon sequestration. However, 
there is little evidence regarding the potential of soils in WA to store additional carbon, the 
rate at which soils can store carbon and the permanence of this carbon sink (DPIRD 2020 
https://www.agric.wa.gov.au/climate-change/soil-organic-carbon-and-carbon-
sequestration-western-australia). Soil organic carbon may be increased through 
management changes. Rates of accumulation following management changes in crop and 
pasture systems typically range from 0.1 to 0.3t C/ha/year (Sanderman et al. 2010). It is 
likely to take a decade or more of monitoring to detect significant changes in soil organic 
carbon because of its high spatial and temporal variability. 

These management changes have the potential to both increase soil carbon sequestration 
and reduce emissions from livestock. It is these strategies that we assess in this section. 

Screening results 

Carbon mitigation strategies — soil 

For soil organic carbon levels to be maintained or increased, management should focus 
on increasing pasture biomass by addressing soil constraints, minimising organic matter 
and soil loss from erosion, increasing the frequency and amount of organic matter 
returned to the soil and applying organic inputs where profitable. Potential strategies to 
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increase soil organic carbon and/or reduce carbon loss are summarised in Table 21 
below. 

Table 21. Strategies to improve soi l organic carbon or reduce carbon loss  

Strategy How Positives Negatives 

Prevent soil erosion 
by wind/water 

Prevent the loss of organic 
carbon 

Productivity benefits Productivity losses  

Claying 
Overcome water repellence and 
increase plant biomass 

Improved nutrient 
retention, crop and 
pasture growth 
potentially 
increasing soil 
carbon 

Cost 
Finding a suitable 
clay source 
KRF does not have 
suitable clay on farm 

Liming 

Acidic soils below 5.5 in the 
surface and 4.8 in the subsoil 
limit plant growth and thereby 
soil carbon 

Improved 
production, 
potentially 
increasing soil 
carbon 

Cost 
Finding a suitable 
lime source 

Green and brown 
manuring 

Plant material is returned to the 
soil to increase organic carbon 

Improved soil fertility 
Reduced weed 
burden 
Improved soil 
structure and cover 

Limited data to 
quantify change to 
soil organic carbon 
Specialised 
machinery required 

Biochar 

Biochar is a stable, carbon-rich 
form of charcoal that increases 
water and nutrient retention 
when applied to the soil 

Improved nutrient 
retention 
Increased cation 
exchange capacity 
Improved soil 
structure 
Decreased soil 
acidity, directly 
increased soil 
carbon levels 

Expensive 
Difficult to obtain 
suitable critical mass 
Variable quality 
Concentrates 
herbicide and 
pesticide in the root 
zone 

 

Proof of soil carbon sequestration requires that changes in soil organic carbon are 
measured as stocks, in the top 30cm of soil. Accumulation rates of soil organic carbon can 
be estimated in two ways: 

 Relative change in soil organic carbon stocks is where a measurement is made 3–5 
years after a management practice has been implemented. The difference between 
starting and finishing levels is then divided by the number of years to provide an 
estimate of the annual difference in carbon stocks 

 Temporal change in soil organic carbon stocks involves a baseline measurement made 
prior to a management practice being implemented. Then, subsequent sampling 5–10 
years later is used to determine the rate of change. 

The Australian 2018 soil carbon accounting scheme7 requires temporal measurements 
with at least two measurement time points. While not adequate for soil carbon accounting, 
historical soil testing at KRF suggests that soil organic carbon has remained relatively 

                                            
7 https://www.legislation.gov.au/Details/F2018L00089  

https://www.legislation.gov.au/Details/F2018L00089
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unchanged in the last 12 years when the soil variation and measurement errors are taken 
into consideration (Table 22). 

Table 22. Average soi l organic carbon from 2008 to 2020 at Katanning Research 
Facil i ty 

 2008 2014 2017 2020 

Soil organic carbon (%) 2.02 2.31 2.40 1.81 

 

Strategies to sequester soil carbon or reduce carbon loss are outlined in Table 22. 

Carbon mitigation strategies — pasture 

For soil organic carbon levels to be maintained or increased through pastures, 
management should focus on increasing plant biomass through improved yields (see 
‘Overview of pastures’ in the Introduction section). This could be achieved by addressing 
soil acidity and fertility, re-sowing degraded pastures to more productive species, 
increasing legume content, using perennials, and managing grazing and stocking rates to 
increase yield and maintain desirable species. Strategies to increase organic carbon using 
pasture options are summarised below in Table 23. 

Some pasture species that are agronomically suited to KRF have the potential to reduce 
sheep methane emissions, such as anti-methanogenic forages. These strategies are 
included in Table 23. 
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Table 23. Strategies to improve soi l organic carbon and/or reduce sheep methane 
emissions through pasture management  

Strategy How Positives Negatives 

Increase area of 
perennial pastures 

Less acidifying than annuals 
owing to less nitrate leaching. 
Use water from the deeper 
soil profile and provide out of 
season feed 

Out of season feed 
Use out of season 
rainfall 
Less acidification 
Potentially increased 
soil carbon levels 
due to an increase in 
biomass 

Cost 
Requires ongoing 
management 

Use rotational 
grazing 

A large number of animals 
graze a limited area for a 
short time. There is a long 
rest period before animals 
return. Increases productivity 
and residue turnover 

More pasture 
biomass 
Persistence of more 
desirable and 
productive species 
Potentially increased 
soil carbon levels 

Cost 
Requires ongoing 
management 

Increase the 
proportion of 
legumes 

Methane emissions from 
livestock could be reduced by 
as much as 25% in pure 
legume pastures compared 
with pure grass pastures 
because of the lower fibre 
content (faster rate of 
digestion) 

Reduced enteric 
methane 
Increased soil 
nitrogen content, 
potentially increased 
soil carbon levels 
 

Susceptible to false 
breaks 
Slow growth rates 
early in the season 
Lower carrying 
capacity 

Introduce anti-
methanogenic 
legumes 

Methane emissions from 
livestock could be reduced by 
as much as 16% compared 
with normal pastures 

Reduced enteric 
methane 
Increased soil 
nitrogen content, 
potentially increased 
soil carbon levels 

Potentially lower 
yield compared with 
other legumes 
Some species have 
deleterious side 
effects, such as 
photosensitisation  

Alternative legumes 
Use of options such as 
Tedera and Lebeckia, where 
their growth is suited  

Out of season feed 
High-quality feed 
value, potentially 
increased soil 
carbon levels 

Opportunity cost 
during establishment 
Requires ongoing 
management 

Plant saltbush and 
browse shrubs 

Shrubs such as Eremophila 
glabra (tar bush) have been 
shown to reduce methane. 
Sheep will achieve 
marketable weight quicker 
and leave the farm sooner 

Reduced 
supplementary 
feeding 
Improved cover 
Reduced erosion 
Control of salinity 
Improved shelter 

Opportunity cost 
during establishment 
Require ongoing 
management 

Reduce stocking 
rate 

Lower grazing pressures to 
decrease erosion risk and 
increase organic matter 
inputs 

Improved ground 
cover 
Lower erosion risk 

Reduced income 
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Table 24. Mit igat ion and sequestrat ion options for soi l and pastures 

  Mitigation/sequestration option Contingencies and method used to estimate mitigation potential 

Estimated 
reduction in 

KRF 
emissions 

Productivity 
benefit and 
alignment with 
business goals? 

Soil and pastures 
Note, options are 
ranked from highest to 
lowest in terms of 
estimated mitigation 
potential for KRF 

Conduct green and brown manuring 
with legumes on 50ha per annum1 

Assumes green manure yield of 4t DM/ha/yr (based on KRF pasture data). If 40% of 
yield is carbon = 1.6t C/ha. With a 50% degradation rate, this is equal to 3.2t CO2-e 
/ha times 50ha = 160t CO2-e . The referenced paper demonstrates significant 
increases in soil organic matter using green manure in WA. Requires trialling and 
further investigation 

6.5% 
Increased pasture 
and crop yield 

Apply biochar applied at 1t/ha to 50ha 
per annum2 

Assumes 1t/ha application of biochar over 50ha per annum, of which 0.594t C. This 
amounts to 109t CO2-e /yr. If biochar could be made on KRF, this is an attractive 
option. Requires trialling and further investigation 

4.4% 
Reduced fertiliser 
use and/or increase 
yield 

Extend the length of pasture in 
cropping system impact on soil C 
sequestration 

Assumes moving from ‘3 years in pasture and 1 year in crop’ to ‘4 years in pasture 
and 1 year in crop’, which results in an additional 80ha in pasture per annum3 
(absolute rate of 0.33t C/ha/yr on average sequestered by improved pastures 
compared with cultivated controls) 

3.9% 
Increased pasture 
and crop yield 

Better match pasture availability and 
livestock feed requirements leading to 
quicker turnoff 

Based on turning off stock 2 weeks earlier 3.1% 

 Lower 
supplementary feed, 
meeting growth 
targets more quickly 

Plant anti-methanogenic forages  
Assuming 10% reduction in CH4 emissions from sheep due to anti-methanogenic 
forages only sown on 10% of pasture area 

0.6% 
Modest 
improvement in 
sheep performance 

Use nitrification inhibitors (assumes 
used on crop and pasture) 

Nitrification inhibitors reduce N2O emissions by 40% 0.0%  

Prevent waterlogging 
Assuming 10% of KRF is typically waterlogged and is responsible for 30% of N2O 
emissions (no data to support this) 

1.3% 
Increased pasture 
and crop yield 

Prevent wind/water erosion  Erosion is currently managed  0.0%   

Implement claying Not an option because KRF does not have a suitable clay source 0.0%   

Implement liming 
Supports livestock options: 1. Increasing pasture production to allow better growth 
rates and lower (50%) supplementary feeding, and 2. Increasing perennials and/or 
legume content in pastures  

4.1% 
Increased pasture 
and crop yield 

Plant longer season annuals 
Supports livestock option 1. Increasing pasture production to allow better growth 
rates and lower (50%) supplementary feeding  

4.1% 
Increased pasture 
yield 

Use rotational grazing Increases in soil organic carbon as a result of rotational grazing are small or nil 0.0%   

Note. 1 Hamza and Anderson (2010);  2 Blackwell et al. (2010); 3 Sanderman et al. (2010).
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Vegetation sequestration 

Reforestation, afforestation and revegetation in Western Australia can: 

 sequester carbon above and below ground 

 improve resource condition and provide ecosystem services (e.g. by ameliorating 
secondary salinity, wind erosion and biodiversity decline, carbon sequestration) 

 provide a financial return (e.g. plantation forestry with softwoods and hardwoods) 

 improve amenity and landscape value 

 provide shelter for livestock 

 provide edible shelter and forage. 

Vegetation can be included in the farm system in three major ways: tree planting for 
permanent ecosystems or harvestable products (or a mixture of both); forage plantings, 
which include edible shrubs and permanent pastures; and mixed plantings, including 
agroforestry and alley plantings. 

Carbon sequestration 

Sequestration rates in trees or permanent revegetation are complex and are maximised after 
about 25 years. As the tree species reach their maximum canopy, the plantation will achieve 
minimal further sequestration. As trees are harvested, new plantations can be established, 
with the harvested product being utilised but not burnt. 

Research in southern Australia has shown that soil organic carbon generally does not 
increase for at least 30 years after replacing pasture with plantation tree species. It is unclear 
whether soil organic carbon is greater under mixed-species plantings compared with 
plantation forestry in the longer term. In plantation forests, carbon sequestered in leaf litter 
and deadwood is more significant than changes in soil organic carbon, but litter dynamics are 
less well understood than tree growth rates. 

Shelter is an important factor in preventing lamb loss during lambing time if wind chill is high. 
Shelter can reduce wind speed to insignificant levels during key lambing months. At locations 
with a lower incidence of an adverse chill index and wind speeds, minor reductions (10%) in 
wind speed result in a significant reduction in the risk of a high chill index occurring (Broster 
et al. 2012). Paddocks A1 and A2 have shrubs and tussocks that provide good shelter for 
lambing ewes. The farm has some shelterbelts across the lambing plots and drainage lines. 
The Evergraze project predicts that provision of shelter in lambing paddocks will reduce twin 
lamb mortality by 9%8  

Integrated versus block plantings 

Reforestation and revegetation of agricultural land can be undertaken in many ways, ranging 
from large block plantings to highly integrated alley systems, with each layout having various 
pros and cons. For example, block plantings can be used to target particular soil types or 
areas in the landscape and may be cheaper and easier to establish and manage than 
integrated plantings. 

                                            
8 Evergraze Shelter for Lambing Tool (https://www.evergraze.com.au/library-content/shelter-investment-tool/) 
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Integrated plantings, and particularly narrow linear belts, spread the environmental benefits of 
revegetation over a larger area and provide trees with greater access to resources 
(particularly water) than blocks. 

Mallees growing in two-row belts can produce 30–80% more biomass (and sequestered 
carbon) than an equivalent area of mallees growing in blocks. This can be particularly 
important in low rainfall environments or where trees are being grown for harvest. Oil mallees 
can be continually harvested because of their ability to rapidly regenerate from epicormic 
buds on the lignotuber (Noble 1989). Potentially, the above ground biomass can be 
harvested every two years, and the below ground organs will continue to grow. 

Integrated plantings can increase costs by competing for soil water and reducing adjacent 
crop and pasture growth. To recoup lost potential earnings from mallee tree belt plantings, 
the average width of planting would be 14m or 8–9m on either side of unharvested or 
harvested belts, respectively. 

Forage shrubs 

The inclusion of perennial species such as native shrubs on farms additionally helps mitigate 
the effects of dryland salinity due to the deep-rooted nature of shrubs and their ability to use 
groundwater. The shrubs also provide ground cover throughout the year, thereby reducing 
the risk of soil erosion. In summer, shrubs provide shade and reduce heat stress, and in 
winter, they provide shelter from wind and rain. 

Significant work has been conducted on the value and impact of forage shrubs in the 
Wheatbelt of WA and the value of integration of permanent pasture in the system. The 
ENRICH (n.d.) project provides a wealth of information on value, mixes and establishment.9 

Saltbush species are effective in reducing the surface and groundwater table; moreover, they 
provide edible shelter and sequester carbon in low to high saline sites.  Saltbush will grow on 
highly saline sites where waterlogging is controlled.  Please see the footnote10 for more detail 
on species selection and landscape management. A recent study has shown that saltbush 
sequesters carbon; however, it did not observe soil carbon increase under saltbush 
plantations (Walden et al. 2017) 

Tagasaste (Cytisus proliferus / Chamaecytisus palmensis) is suitable for planting on deep 
sands and grazing periodically. Above and below ground biomass carbon and soil organic 
carbon to a depth of 2m were measured on a 22-year-old replicated field experiment in WA 
(mean annual rainfall, 498mm yr−1) comparing unmanaged plantations of tagasaste with 
conventional annual crop and pasture rotations. Carbon sequestration was 2.5t carbon/ha 
over the 22-year lifespan for the tagasaste treatments, with a change of 0.9t carbon/ha in soil 
organic carbon and 1.6t carbon/ha in biomass. 

Linkage to emissions reduction fund methods 

Oil mallees and mixed-species Eucalyptus and Acacia are recognised under the Full Carbon 
Accounting Model, known as the FULLCam methodology, for use in emission reduction fund 
projects.11 

                                            
9 http://www.revellscience.com.au/assets/enrich-20booklet1.pdf  
10 www.agric.wa.gov.au/soil-salinity/saltbushes-dryland-salinity-management-western-australia 
11 https://www.industry.gov.au/data-and-publications/full-carbon-accounting-model-fullcam  

http://www.revellscience.com.au/assets/enrich-20booklet1.pdf
file:///C:/Users/Rachel/Desktop/www.agric.wa.gov.au/soil-salinity/saltbushes-dryland-salinity-management-western-australia
https://www.industry.gov.au/data-and-publications/full-carbon-accounting-model-fullcam
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Best tree species for carbon sequestration 

Generally, the best principle for choosing species for revegetation is to choose those that 
already grow well on the site; however, exotic species have an important role to play in 
certain places. The KRF research team will target KRF soils and land management units for 
planting that suit a range of species. For example, Tagaste may be the best answer for the 
deep sandy areas that can be taken out of crop production and protected from erosion. The 
species can then also provide shelter for lambing ewes or freshly shorn sheep, as well as 
providing forage. 

Katanning Land Conservation District Committee runs the Katanning Environmental Nursery. 
The nursery is staffed by volunteers who have extensive local botanical knowledge and 
experience in revegetation. We will consult nursery staff on selecting appropriate tree 
species, site preparation and planting design for KRF. 

Some existing plantings in the area have indicated that the following have a place in the 
landscape at KRF: 

 oil mallee (Eucalyptus loxophleba or others) 

 Acacia spp. including A. acuminata 

 Flat top Yate (Eucalyptus occidentalis) 

 Tagasaste (Chamaecytisus prolifera var. prolifera) 

 saltbush (Atriplex spp.) 

 sandalwood (Santalum spicatum). 

Woody vegetation has above and below ground biomass, which can result in increased soil 
carbon (from leaf litter and changed biological activity), and some options have displacement 
benefits for carbon farming: less area for livestock, less area for cropping and less 
opportunity for soil disturbance. 

Depending on the option, site and management, the options could: 

 decrease wind erosion 

 decrease lamb and off-shears sheep mortalities 

 increase the number of days to safely spray crops and pastures 

 lower saline water tables by decreasing recharge or increasing discharge 

 reduce the risk of fire damage by slowing fast moving grass fires. 

Screening results 

Table 25 below summarises the screening results, which are described in more detail in the 
sections that follow. 
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Table 25.  Sequestrat ion options for reducing emissions  at KRF  

Option Legal? Evidence? 
<10 yrs to 
establish? 

Better 
alternative? 

1. Saltbush 
systems 

Y H? 2–5 N 

2. Windbreaks Y M 5–10 N 

3. Shelterbelts Y M 5–10 ? 

4. Shelter 
paddocks 

Y M 5–10 ? 

5. Remnant 
native 
vegetation 

Y H 0–10 N 

6. Fodder 
shrubs 

Y M 0–5 ? 

7. Alley 
farming 

Y M 5–10 Y 

8. Sandalwood Y M 5–30 ? 

Note. Y = yes; H = high; M = moderate; L = low; N = no; ? = do not know or needs checking. 

Option 1 Saltbush systems 

Description 

Option 1 entails planting saltbush species with salt tolerant and other herbaceous species as 
understorey on saline land, for grazing. The option uses advanced and well-documented 
technology; however, the availability of carbon sequestration data on this option might be 
limited. 

Mitigation mechanism and potential 

The option would increase above ground and below ground plant biomass on saline sites, as 
well as soil biological activity. Nett sequestration would reach a plateau within about five 
years. Replanting or relying on natural regeneration would maintain the plateau. 

This option could be applied to all the saline soils that are not severely waterlogged. 

Disbenefits 

The option is likely to increase KRF livestock carrying capacity. An increase in livestock 
numbers would result in increased methane production. Therefore, a managed limit on KRF 
DSE would be needed. Some research (Mayberry et al 2009)  has demonstrated that 
saltbush increases methane production from sheep. 

Co-benefits of changes 

Option 1 would provide additional feed for livestock. Further, saltbush systems are not very 
flammable and would provide a fire barrier on parts of KRF farm. In addition, saltbush 
systems would provide good low shelter for sheep. These systems are often grazed in 
autumn, which is also a common lambing time. This could provide a safe lambing 
environment and improve reproductive efficiency. Lastly, grazing saltbush systems in autumn 
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would allow deferred grazing of annual pastures, resulting in higher annual biomass 
production and improved ground cover for the season. 

References 

 Enrich Project n.d., Perennial forage shrubs providing profitable and sustainable grazing: 
Key practical findings from the Enrich project, Future Farm Industries CRC, viewed 27 
January 2021, <http://www.revellscience.com.au/assets/enrich-20booklet1.pdf>. 

 Mayberry, DE, Masters, DG & Vercoe, PE 2009, ‘Saltbush (Atriplex nummularia L.) 
reduces efficiency of rumen fermentation in sheep’, Options Mediterraneennes, Series A, 
Mediterranean Seminars, vol. 85 pp. 245–249, viewed 27 January 2021 
<https://espace.library.uq.edu.au/view/UQ:255623>. 

Option 2 Windbreaks 

Description 

Option 2 is to install windbreaks, which are usually belts of several rows of medium to tall 
woody plants, oriented to reduce the wind speed of damaging winds. The technology 
required for this option is advanced and well documented; however, carbon sequestration 
data available on the mix in any given situation may be limited, but growth rates for most 
species are rainfall limited, and the growth curves are standardised. Following best practice 
design and implementation would be important for this option. 

Mitigation mechanism and potential 

This option would use long-lived trees and shrubs with substantial above and below ground 
woody biomass. Nett annual sequestration would be positive for several decades while plants 
grow, then it would plateau at maturity and gradually decrease as plants pass maturity. KRF 
would need a program of windbreak renewal or replacement to maintain the plateau. 

This option should be applied to all the high-risk wind erosion parts of KRF (exposed, 
erodible soils), broad exposed pastures, and around yards and buildings. Moreover, 
windbreaks should be a standard feature of any farm plan. 

Disbenefits 

The option would require fencing on both sides of the windbreak in most situations. Trees 
may drop limbs and other material. The windbreaks compete with adjacent crop and pasture 
for moisture, light and nutrients and there would be reduced crop and pasture production. 
There is a possibility with windbreaks of weed and animal pest incursions. 

Co-benefits 

Option 2 would reduce wind speed; improve working conditions, aesthetics and shade; and 
provide timber on replacement. The timber could have several uses, including pyrolysis and 
production of heat, power and charcoal or biochar for long-term carbon storage. 

Option 3 Shelterbelts 

Description 

Option 3 is to install belts of woody shrubs and small to medium trees to provide a high level 
of wind reduction and shelter for livestock in severe conditions. These would operate in a 
similar fashion to tree windbreaks, but they would have design differences to provide 

http://www.revellscience.com.au/assets/enrich-20booklet1.pdf
https://espace.library.uq.edu.au/view/UQ:255623
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livestock with shelter in bad weather. As for windbreaks, the technology required for this 
option is advanced and well documented. 

Mitigation mechanism and potential 

Mitigation mechanisms and potential regarding this option are the same as for windbreaks. 
The option should be applied on areas suitable for protecting off-shears sheep, and could be 
applied around yards. 

Co-benefits 

As for windbreaks, Option 3 would reduce wind speed; improve working conditions, 
aesthetics and shade; and provide timber on replacement. The timber could have several 
uses, including pyrolysis and production of heat, power and charcoal or biochar for long-term 
carbon storage. 

Option 4 Shelter paddocks 

Description 

Option 4 would supply shelter paddocks, which would involve distributed perennial shrubs 
and or tussock grasses to provide a high level of near-ground wind shelter for at-risk 
livestock: sheep off shears and lambing ewes. The technology required for this option has 
been fairly well described, but less so for low rainfall areas (in terms of species selection and 
management). 

Mitigation mechanism and potential 

Depending on the species and management, the system for this option would increase below 
ground root mass and above ground biomass. 

Disbenefits 

Sandy soils on KRF farm may be the only soils suitable for growing lupin crops. 

Co-benefits 

Option 4 will often suit sandy soils and provide complete erosion protection. 

Option 5 Remnant native vegetation 

Description 

Option 5 utilises several patches of degraded native vegetation that could be managed to 
increase native species recruitment or establishment. This would include the areas of natural 
saline land with native vegetation in reasonable condition. Strategies for management are 
reasonably well known, but success for small patches in an agricultural environment is not 
assured. 

Mitigation mechanism and potential 

This option would produce carbon sequestration by trees, shrubs and some perennial 
grasses. In a water-limited environment, the increased carbon sequestration is unlikely to be 
large. 

Disbenefits 

Degraded remnant bush patches can become reservoirs of weed and pest organisms. 
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Co-benefits 

The co-benefits of Option 5 are that small patches close to erodible sands near the highest 
point of the station will provide some erosion and livestock shelter, as well as biodiversity 
habitat values. 

Option 6 Fodder shrubs 

Description 

Option 6 refers to small woody perennials that have particular feed values: out of season 
forage; vitamin E, protein and energy when annual pastures are dry; and anti-methanogenic 
properties. The forage values (e.g. digestibility) are well known for most of the fodder shrubs. 
Anti-methanogenic properties and management are less well defined, especially for planted 
shrubs instead of laboratory analysed material or feed supplements. 

Mitigation mechanism and potential 

This option would provide carbon sequestration as for the other woody options above. The 
anti-methanogenic mechanisms are reasonably well known in the research, but less well 
known in commercial livestock management. The shrubs can be directly grazed, cut and fed, 
or cut and pelleted. 

Disbenefits 

In low rainfall environments for this option, competition for water would reduce annual 
pasture growth in the understorey. Dense fodder shrub plantings would make livestock 
movement more difficult and would limit trafficability. 

Co-benefits 

Option 6 would produce a reduced recharge to saline groundwater; increased biodiversity 
values; and a source of vitamin E, protein and energy when livestock are on dry feed for 
extended periods. 

Option 7 Alley farming 

Description 

Option 7 involves a system of tree or shrub narrow belts with narrow to moderate alleys in 
between. The original intent of this planting was to lower saline water tables, allowing 
conventional annual pasture and cropping in an otherwise saline soil. The technology 
required for this option is well understood, and various examples exist. Management 
approaches are highly variable, and many sites have not been designed to suit the 
conditions. 

Mitigation mechanism and potential 

As for other woody vegetation options, this option would produce a growth of below and 
above ground woody biomass. Shrubs or trees in alley plantings would grow faster than 
those in block plantings since there would be more positive edge effects (access to water, 
light and nutrients); shrubs or trees would be likely to reach maturity faster, and therefore 
carbon equilibrium. 
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Disbenefits 

In low rainfall environments competition for water, nutrients and light would reduce annual 
pasture growth in the understorey. This could be managed to some extent by root ripping, 
species selection and nutrient management. 

Co-benefits 

Option 7 would produce woody biomass for other uses, reduce wind speed, improve 
aesthetics and amenity, and increase biodiversity values. 

Option 8 Sandalwood 

Description 

Option 8, sandalwood (Santalum spicatum), is a native, relatively slow-growing shrub or 
small tree that produces highly valuable timber and oil for a range of products. Sandalwood is 
a facultative or hemiparasite that requires hosts for establishment and uses hosts when 
mature to obtain nutrients and water. Sandalwood systems therefore incorporate several 
species, including fast growing Acacia species (usually) or a mix of other native plants. The 
technology required for this option is well developed and commercialised. 

Mitigation mechanism and potential 

Sandalwood systems can be installed in belts or blocks. These could be components of 
windbreaks, shelterbelts and remnant native vegetation. Additionally, they represent a 
potential income source for KRF. 

Co-benefits 

Option 8 would produce biodiversity, a commercial income (long term) and water table 
recharge management. 
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Pathways to carbon neutrality 

Based on the carbon footprint determined for the baseline years of 2018 and 2019, and the 
emissions reduction and sequestration options investigated, the KRF research team 
modelled a series of six scenarios for consideration to reach neutrality. These scenarios were 
fundamentally based on different management plans for the sheep flock combined with 
different management options for cropping. They also included a combination of tree planting 
on non-arable and arable, planting saltbush and forage shrubs, and the inclusion of methane 
mitigants such as Asparagopsis. 

The last of these options was the ‘best bet’ scenario, which combined the most likely and 
practical changes to sheep and cropping management, together with adoption of all the best 
mitigations that could be applied to reduce impacts and maximise soil carbon sequestration. 
Table 26 provides a summary of the six scenarios modelled. 

Table 26. Summary of  scenarios modelled to achieve carbon neutrality by 2030 

 Description Strategies Impacts 

Current 

Scenario 1 

Reduce sheep flock to 60% of 
current (assumes either buying in 
replacement adults or maidens), 
reducing crop to 50% of current 
and changing wheat to barley. 
Planting 70ha of permanent 
pastures, forages and shrubs  and 
saltbush, 10% new trees 

Changing the crop type to 
barley and the rotation to 3 
years of pasture, 1 year of 
crop. This gives lower N use 
due to more and improved 
pastures, tree planting. 

10% improved yield due to weed control, 
50% reduced N fertiliser on cropping land; 
lower stocking rate results in improved 
pasture productivity. Lower stocking rate and 
improved pastures reduce the 
supplementary feed by 50%. Assumes 
achieving higher rate of soil carbon at 
0.1t/ha 

Scenario 2 

Reduce sheep flock to 60% of 
current (assumes either buying in 
replacement adults or maidens). 
Planting 70ha of  permanent 
pastures and 117ha saltbush and 
20% new trees 

Changing the crop type to 
barley with rotation to 1:1, 
improving legume content of 
pastures. This gives lower N 
use due to pasture, 
improved pastures, tree 
planting 

10% improved yield due to weed control, 
50% reduced N fertiliser on cropping land, 
reduced purchased grain. Lower pasture 
area available due to more trees on arable.  
Assumes achieving medium rate of soil 
carbon at 0.05t/ha 

Scenario 3 

Reduce sheep flock to 85% sheep, 
(assumes moving to Merino 
replacement flock), crop rotation  
to 2:1 

Changing the crop type to 
barley and the rotation to 
2:1. This gives lower N use 
due to pasture, improved 
pastures, tree planting 

10% improved yield due to weed control, 
50% reduced N fertiliser on cropping land.  
Assumes achieving low rate of soil carbon at 
0.0t/ha 

Scenario 4 

Reduce sheep flock to 85% sheep 
of current (assumes moving to 
Merino replacement flock), 100% 
current crop with rotation at 1:1.  
Planting 70ha of  permanent 
pastures and 117ha saltbush and  
20% new trees 

Changing the crop type to 
barley,  improving  legume 
content of pastures, tree 
planting 

10% improved yield due to weed control, 
50% reduced N fertiliser on cropping land.  
Assumes achieving low rate of soil carbon at 
0.0t/ha 

Scenario 5 

Reduce sheep flock to 85% sheep 
of current (assumes moving to 
Merino replacement flock), 
reducing crop to 50% of current 
and changing wheat to barley. 
Planting  70ha of  permanent 
pastures and 117ha saltbush, 20% 
new trees 

Changing the crop type to 
barley and the rotation to 
3:1.  This gives lower N use 
due to pasture, improved 
pastures, tree planting 

10% improved yield due to weed control, 
50% reduced N fertiliser on cropping land.  
Assumes achieving medium rate of soil 
carbon at 0.05t/ha 

Best bet 
scenario 

Reduce sheep flock to 85% sheep,  
of current (assumes moving to 
Merino replacement flock),  
reducing crop to 50% of current  
and changing wheat to barley,  
using biochar, Asparagopsis and 
manuring,  Planting 70ha of  
permanent pastures and 117ha 
saltbush, 20% new trees 

Increasing ewe flock 
efficiency, feed supplement 
and growth (lamb weight per 
ewe hectare). Changing 
crop type to barley and 
rotation of 3:1. This gives 
lower N due to improved 
pasture, more pastures, tree 
planting 

10% improved yield due to weed control, 
50% reduced N fertiliser on cropping land, a 
higher number of sheep sold at greater 
weight. Assumes achieving higher rate of 
soil carbon at 0.1t/ha 
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Note. N = nitrogen. 

All scenarios use Asparagopsis at 1% of the flock during 2022 and 4% during 2023 as part of 
a trial on suitability and feeding technology, then at 40% of the flock in years 2024 to 2027 
and at 90% of the flock in years 2028 to 2030 to achieve neutrality by 2030. The modelling 
also assumes no improvement via genetic selection for lower GHG emissions in sheep within 
the 2030 timeframe. 

For each scenario, the KRF research team determined the estimated sequestration from soil 
carbon and tree planting. The team assumed in each case that certain practices would be 
implemented, for example, tree planting on non-arable and tree/shrub planting on salt-
affected land. Other optional sequestration strategies included using green manure crops. 
Planting trees on arable land was the last (and least preferable) strategy employed to 
achieve carbon neutrality under each scenario, and the area for this varied depending on the 
residual emissions after all other strategies were applied. Table 27 shows the impacts of 
each option explored in the scenario modelling. 

Table 26. Emission prof i le for options considered  

Emissions/ 
sequestration 
(t CO2 e/ha/yr) 

Livestock 
emissions  

Permanent 
annual 

pastures and 
shrubs 

Methane 
mitigants1 

Green 
Manuring 

New 
trees 
non-

arable*  

Saltland 
veg  

Expected 
change from 
soil C change 
on arable*** 

New trees 
taken from 

arable** 

Residual 
emissions 

Current 2480 0 0 0 0   0   
       

2,480 

Scenario 1 1441 72 798 160 36 117 411 912 −50 

Scenario 2 1675 72 798  0 36 117 92 1306 404 

Scenario 3 2038 72 1131  0 36 117 141 1669 384 

Scenario 4 2178 72 1131  0 36 117 0 1809 666 

Scenario 5 1944 72 1131  0 36 117 366 1575 66 

Best bet 1923 94 1131 0 36 117 389 290 −1 

Note. *Assume 1.2t CO2 e/ha/yr . **Assume 2.4t CO2 e/ha/yr. ****73t CO2 e/ha/yr for 5 years. ***Soil C (0, 0.05 
and 0.1tC/ha/yr). 1value at 2030 90% of flock. Bold numbers = emissions, non-bold = sequestration. 

Figure 12 provides the timeline of reductions in emissions according to each of the scenarios 
to achieve carbon neutrality. 

 

Strategy 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Scenario 1 60% sheep, 50% 
crop 

                     
1,433  

             
714  

           
665  

               
81  

              
81  

              
81  

           
184  

-          
627  

-          
627  

-          
627  

Scenario 2 60% sheep 100% 
crop 

                     
1,556  

          
1,037  

           
988  

             
404  

           
404  

           
404  

           
506  

-          
305  

-          
305  

-          
305  

Scenario 3 85% sheep 70% 
crop 

                     
2,028  

          
1,729  

        
1,681  

          
1,097  

        
1,097  

        
1,097  

        
1,199  

           
388  

           
388  

           
388  

Scenario 4  85% sheep 100% 
crop 

                     
2,102  

          
1,803  

        
1,755  

          
1,171  

        
1,171  

        
1,171  

        
1,273  

           
462  

           
462  

           
462  
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Scenario 5  85% sheep 50% 
crop 

                     
1,978  

          
1,459  

        
1,410  

             
826  

           
826  

           
826  

           
928  

           
117  

           
117  

           
117  

Best Bet  85% sheep 50% 
crop + all options 

                     
1,978  

          
1,238  

        
1,189  

             
605  

           
605  

           
605  

           
707  

-          
104  

-          
104  

-          
104  
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Figure 12. Emissions prof i le for Katanning Research Faci l i ty unti l 2030 under a range of  scenarios  (note red asp = 
Asparagopsis)
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Conclusions and recommendations 

All scenarios tested by the KRF research team rely on dramatic intervention, such as the 
availability of methane inhibitors, to achieve neutrality. Significant decreases in GHG (up 
to 50% reduction) can be achieved if there is an opportunity to reduce total stock numbers 
and plant significant areas to carbon sequestration activities such as trees; however, this 
approach is not an option for many commercial sheep producers and has implications for 
the sustainability of the state sheep flock and export markets. 

All strategies and tactics to achieve a goal must be tempered with the needs of other goals 
and tactics that are required for an efficient and productive farm.  The carbon neutrality 
goals of KRF must be considered in this light. The positive is that most of these strategies 
are not mutually exclusive and are often complementary. 

Option 1 allows for a significant reduction in sheep numbers and halving the cropped area.  
This option has some real advantages for KRF because it allows us to rapidly reduce our 
emissions while trialling methane inhibitors such as Asparagopsis. Restructuring the flock 
is something that had been flagged before the carbon account was started — it allows us 
to deal with poor seasons better, reduce the stocking rate over the summer months and 
replace poor performers and older ewes in the ewe flock.  It does rely on a supply of 
maiden ewes free of Ovine Johne’s disease to be brought into the flock. 

We recommend a reduction in crop area to 50% of arable land that allows a 3:1 pastures 
to crop rotation because the lower flock numbers will reduce the demand for 
supplementary feed, both grown and purchased. This allows us to renovate pastures and 
establish permanent pastures on non-arable or low production arable land. 

The Best Bet option achieves the same carbon-neutral outcome but relies more heavily on 
interventions such as Asparagopsis to achieve neutrality. Green manuring and forage 
shrubs add to the sequestration, but the option has a lower requirement of trees to be 
planted on arable land, which is a key outcome. This outcome would be more palatable for 
commercial sheep producers, particularly if they have good levels of vegetation and 
shelter already established. 

If methane inhibitors are not available in the 2030 timeframe, carbon sequestration 
through tree plantations becomes more important at KRF to achieve our goals. Estimates 
using the best available data give a carbon sequestration rate of 2.4t CO2e.year for 25 
years with a mixed Eucalyptus plantation. This indicates that after stock reductions and 
best practice adoption of legumes and pasture renovations, there would still be a 
requirement to offset approximately 1400t CO2e per year, equating to 580ha of permanent 
tree plantations on arable land. 

We have assumed increases of either 0.05% or 1.0% in soil carbon per year under new 
plantings and fodder shrubs and using biochar; however, these rates have not been 
achieved in lighter soils and in low rainfall agricultural areas of WA at the broadacre scale. 
If these rates are not achieved on KRF farm, this will increase the need for other methods 
of sequestration. The likelihood of achieving both soil and tree sequestration becomes 
increasingly difficult in a drying climate and with highly variable rainfall to support 
vegetative growth. 

The KRF Management Advisory Committee will consider the management changes 
described in this report to be implemented in tandem with other changes required for other 
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outcomes. Most management changes reported here will have a positive impact on 
productivity and profitability while achieving reductions in emissions. 

The opportunity to utilise the GRF and the new Feed Efficiency Facility being built at KRF 
for further research and development of methane-mitigating feedstuffs is an exciting 
opportunity for the state and for industry. 

Recommendations 

 Conduct a full salinity survey and radio metrics survey of KRF farm to inform planning 
of strategic revegetation and suitable areas for permanent pastures. 

 Develop a remnant vegetation and a revegetation management plan for new tree and 
shrub plantings that satisfy the needs for salinity management, carbon mitigation, 
amenity, and shade and shelter. 

 Establish five long-term monitoring points for soil carbon to monitor changes resulting 
from implementation to 2030 and 2050. 

 Investigate opportunities to trial delivery mechanisms for Asparagopsis in 
supplementary feed utilising the Feed Efficiency Facility at KRF. 

 Identify opportunities to reduce the services footprint, including photovoltaics and 
machinery replacement plans.  

 Focus on pasture renovation and shrub systems at the facility to provide a living 
demonstration of modern feed base in a drying climate. 

 Track the transition costs (cash flow) of all the interventions (e.g. STEP model 
analysis) to look at the impact(s) on farm profitability as the system evolves. 
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Appendix 1 Paddock Map of Katanning Research Facility 
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Appendix 2 Dry sheep equivalent ratings of sheep at Katanning Research Facility 

Table A2.1 Dry sheep equivalent rat ings of  sheep at Katanning Research Faci l i ty  

 MERINO BL/cross bred DORPER 

Sheep Class 
Reference Wt 

(kg) 
DSE 

Reference Wt 
(kg) 

DSE 
Reference Wt 

(kg) 
DSE 

Ewe Dry 60 1.2 70 1.3 75 1.3 

Ewe: Early Preg Single 60 1.2 70 1.3 75 1.3 

Ewe: Early Preg Twin 60 1.2 70 1.3 75 1.3 

Ewe : Late Preg Single 60 1.5 70 1.7 75 1.7 

Ewe: Late Preg Twin 60 1.7 70 1.9 75 1.9 

Ewe: Lactating Single 60 2.2 70 2.5 75 2.5 

Ewe: Lactating Twin 60 2.7 70 3 75 3 

Ewe: Hogget 
@50g/hd/day 

50 1.1 NA   NA   

Wethers 65 1.2 NA   NA   

Rams 100 2.2 100 2.2 NA   

Weaners @ 50–
100g/hd/day 

30–40 1.3 30–40 1.3 30–40 1.3 

Weaners @150–
250g/hd/day 

30–40 2 30–40 2 30–40 2 

Weaners @ 50–
100g/hd/day 

40–50 1.4 40–50 1.4 40–50 1.4 

Weaners @ 150–
200g/hd/day 

40–50 2.2 40–50 2.2 40–50 2.2 

 

Note. DSE = dry sheep equivalent. *1 DSE = dry 50kg ewe = 8.3 MJ/day.  Preg = pregnancy status
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Appendix 3 Katanning Research Facility Soil Map 
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Appendix 4 Soil types at Katanning Research Facility 

Low hills such as in Paddocks 24 and 25 are gravelly duplex over clay loam to clay. Below the 
gravelly crests, typical soil types include sandy duplex over clay loam or clay at 60cm. In parts 
of paddocks B1 and through B2 and B4 at the north-west end of KRF, the dominant soil type is 
a pale sand over gravel at >60cm. The sandy topsoils extend below 60cm – >100m. Sandy 
duplex is the dominant soil type on lower slopes bordering drainage lines with clay usually at 
25–50cm. There are some pockets where the clay is below 60cm. Most of the alluvial flats are 
a shallow sandy duplex with shallow clay. Grey clay is the dominant soil on poorly drained 
alluvial flats, such as the northern end of Paddock 17 at the east end of the farm. Clay is within 
10cm on these soil types, and pastures are dominated by barley grass, which indicates the 
emergence of salt. 

Soils are typically low in organic carbon at KRF and are marginal to okay for soil pH (Table 7). 
From the 2020 soil tests analysed by CSBP, 25% of the 24 samples analysed had organic 
carbon in the 0–10 cm layer of 1.5% or less. Of the 17 samples analysed for soil pH (CaCl2), 
24% had a soil pH of 4.8 or less in CaCl2. Paddock B16 had the lowest soil pH at 4.4. 
Paddocks that need to be included in a future lime program include B1, B4A, B8, B15A, B16, 
5, 7, 20, 21, 27 and 27A. 

Table A4.1 Excerpt of  soil analysis data f rom Katanning Research Facil i ty CSBP soil 
test for 2020 

Paddock 
pH (CaCl2) 

0–10 cm 

pH (CaCl2) 

10–20 cm 

Electrical 
Conductivity 

(mS/m) 

0–10 cm 

Electrical 
Conductivity 

(mS/m) 
10–20 cm 

Organic 
Carbon (%) 

(W&B) 

0–10cm 

4 5.0 5.3 6.2 5.7 1.9 

7 4.6  4.1  2.6 

7a 4.4  4.7  1.8 

11 5.5 5.1 7.4 7.8 1.5 

11a 5.1 4.9 6.7 4.9 1.9 

15 5.7 5.2 10.8 6.1 1.4 

20 4.7 4.8 2.9 5.2 1.6 

21 5.5  5.1  2.6 

23 5.4 5.5 11 6.4 2.7 

24 5.3 5.8 6.0 9.8 2.2 

25 5.4 5.5 4.9 5.1 1.6 

26 5.2 5.3 3.9 3.9 1.3 

27 4.7 4.9 7.6 6.0 1.7 

27a 4.7  13.8  1.5 

B1 5.0 4.8 6.3 4.3 2.2 

B4a 4.9 4.9 9.0 8.1 1.9 

B7 5.0  4.8  1.6 

B8 4.8 4.8 10.5 9.4 1.7 

B9 5.4 5.4 6.2 5.8 1.5 

B10 5.6  8.1  1.9 

B14 5.0 5.3 6.5 6.5 1.4 

B15 5.9 7.0 6.9 6.5 1.8 

B15a 4.6  5.1  1.6 

B16 4.6 4.4 7.9 8.4 1.8 
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Appendix 5 Carbon in forests report 
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Appendix 6 Feed profile for KRF 

A typical feed base profile at KRF based on a 3000kg DM/ha TDM and moderate to low 
pasture quality gives an energy profile as shown in Figure A6.1 below. This is an 
approximation of a poor to moderate season at KRF. The line shows the energy intake 
required for a dry adult sheep. Where the line is below or on the green shape, no 
supplementary feed is required. 

 

 

Figure A6.1 A typical pasture/stubble prof i l e for Katanning Research Faci l i ty 
(Source: Annual Feed Budget Calculator DPIRD)  

The rainfall and season break details for the last decade are in Table A6.1 and describe the 
variable seasons experienced at Katanning. 

Table A6.2 describes the make up of sheep pellets to be fed at the feedlot on KRF.  



page 82 of 84 

Table A6.1 Total rainfall ,  yields, water use eff iciency and seasonal information on 
KRF 

Year 
Annual 
rainfall 

Date of 
break 

Growing 
season 
rainfall 

Pasture yield 
(kg DM/ha/yr) 

WUE (kg 
DM/ha/mm) 

Potential 
yield gain 
based on 
WUE of 15 
kg 
DM/ha/mm 

2005 541 1 April 513 6335 11.7 1780 

2006 315 21 July 109 1205 3.8 3520 

2007 427 21 June 266 3278 7.7 3127 

2008 422 1 April 293 3347 7.9 2983 

2009 418 21 June 278 2961 7.1 3309 

2010 286 14 June 122 588 2.1 3702 

2011 581 21 May 441 5995 10.3 2720 

2012 419 13 June 203 2851 6.8 3434 

2013 454 8 May 317 7979 17.6 0 

2014 432 8 May 364 6373 14.8 107 

2015 352 19 June 176 1861 5.3 3419 

2016 549 23 March 377 3396 6.2 4839 

2017 507 12 July 183 2755 5.4 4850 

2018 354 10 June 210 2887 8.2 2423 

2019 336 7 June 336 N/A N/A N/A 

Average 426 27 May 273 3701 8.2 2872 

Minimum 286 21 March 109 588 2.1 0 

Maximum 581 21 July 513 7979 17.6 4850 

SD 89  119 2151 4.2 1443 

CoV 21  44 58 51.1 50 

Note. WUE = water use efficiency. 

Table A6.2 Feedlot  pel let rat ion ingredients (2020)  

Ingredients (sheep pellets) Kg 

Salt 10 

Diammonium phosphate 50 

Urea 14 

Sodium bicarbonate 40 

Molasses 40 

Canola meal 400 

Sorghum grain 391 

Micro ingredients 5 

Ag-Lime 50 

Note. The above ingredient contributions are specified in kgs, and total 1000kg (1 tonne) 
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Appendix 7 The scenarios modelled to achieve carbon neutrality by 2030 

Table A7.1 Scenar ios modelled to achieve carbon neutral ity by 2030 

Note. N = nitrogen. 

 Description Contingencies Impacts Arable 

% crop 
of total 
area in 
rotation 

Rotation 
length 

Crop 
type 

Total 
pasture 

Sheep no. 
(max 

including 
feedlot 
lambs) 

Current 1265 52% 1C:1P 500 765 8632 

Scenario 
1 

60% sheep, 50% crop, 
assumes either buying in 

replacement adults or 
maidens will have a similar 

emission profile 

crop type to barley, 
rotation, lower N due to 

pasture, assume 
improved pastures, tree 

planting 

10% improve yield due to weed 
control, 50% reduced N fertiliser 
on cropping land, lower stocking 
rate results in improved pasture 
productivity. Lower stocking rate 
and improved pastures reduce 

the supplementary feed by 50% 

1265 26% 1C:3P 250 895 5720 

Scenario 
2 

60% sheep, 100% crop, 
assumes  either buying in 

replacement adults or 
maidens  

crop type to barley, 
rotation, lower N due to 

pasture, assume 
improved pastures,  tree 

planting 

10% improve yield due to weed 
control, 50% reduced N fertiliser 

on cropping land, reduced 
purchased grain 

1265 50% 1C:1P 500 705 5720 

Scenario 
3 

85% sheep, 70% crop, 
assumes moving to Merino 

replacement flock 

crop type to barley, 
rotation, lower N due to 

pasture, assume 
improved pastures,  tree 

planting 

10% improve yield due to weed 
control, 50% reduced N fertiliser 

on cropping land 
1265 35% 1C:2P 350 855 7246 

Scenario 
4 

85% sheep, 100% crop, 
assumes moving to Merino 

replacement flock 

crop type to barley, 
rotation, lower N due to 

pasture, assume 
improved pastures,  tree 

planting 

10% improve yield due to weed 
control, 50% reduced N fertiliser 

on cropping land 
1265 50% 1C:1P 500 705 7246 

Scenario 
5 

85% sheep, 50% crop, 
assumes moving to Merino 

replacement flock 

crop type to barley, 
rotation, lower N due to 

pasture, assume 
improved pastures,  tree 

planting 

10% improve yield due to weed 
control, 50% reduced N fertiliser 

on cropping land 
1265 25% 1C:3P 250 955 7246 

Best bet 

85% sheep, 50% crop, 
assumes moving to Merino 
replacement flock, Bbest 

practice crop and pastures, 
biochar, Asp, manuring, 

electricity to solar, increased 
ewe flock efficiency, feed 

supplement and growth (lamb 
weight per ewe hectare) 

crop type to barley, 
rotation, lower N due to 

pasture, assume 
improved pastures,  tree 

planting 

10% improve yield due to weed 
control, 50% reduced N fertiliser 

on cropping land, a higher 
number of sheep sold at greater 

weight 

1265 28% 1C:3P 250 835 7246 
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Important disclaimer  

The Chief Executive Officer of the Department of Primary Industries and Regional 
Development and the State of Western Australia accept no liability whatsoever by reason of 
negligence or otherwise arising from the use or release of this information or any part of it. 
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