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Any successful effort to make significant reductions in Australia’s net greenhouse gas emissions 
must involve agriculture. Currently, agriculture is the second largest contributor to greenhouse gas 
emissions in Australia, representing 15.7% in 2005. Agricultural emissions do include carbon dioxide, 
but are predominantly methane and nitrous oxide. Improved management to reduce methane and 
nitrous oxide emissions will allow agriculture to make a significant contribution to reducing Australia’s 
greenhouse gas footprint.

In the 2005 National Greenhouse Gas Inventory, livestock contributed the largest share of agricultural 
greenhouse gas emissions, accounting for 11.1% of the nation’s total. Of agriculture’s emissions, 
70.7% were generated by the digestive processes of ruminant animals, a process which is known as 
enteric fermentation and which produces methane.

“The most important trend in livestock related emissions has been the 5.8% (3.8 Mt) 
decline in emissions in 2005 compared with 1990… The decline in emissions has 
principally been driven by a 42% fall in sheep numbers, offset somewhat by a 9.9% rise 
in beef cattle numbers, reflecting changing relative returns to each industry.” 

(Source: National Greenhouse Gas Inventory 2005)

The realisation that it is going to take time and investment to develop new technologies to reduce the 
emissions of fossil fuels has seen a scramble towards offsets as a short-term solution. The outcome 
of reducing methane production compared with more popular greenhouse approaches, such as 
planting trees (as an offset), needs to be given greater attention. Acting on methane now reduces 
greenhouse emissions immediately, while trees are a slower offset over time. Furthermore, only a 
small percentage of Australia is suitable for forestry while millions of hectares are used for grazing. If 
a tree dies or burns the offset fails, while methane reduction is tangible and permanent.

There is a lot to be gained by moving the focus of the debate from just “carbon” offsets to also 
include “greenhouse” offsets, ie methane. When comparing the components contributing to climate 
change, methane has 21 times the effect of carbon dioxide. It is hard work when you concentrate on 
carbon only which is a factor of 1 in the greenhouse calculation.

HOW RUMINANT ANIMALS PRODUCE METHANE
The rumen, or first stomach, is a very complex internal ecosystem containing millions of micro-
organisms in a complex relationship with each other. Fermentation of plant material by these organisms 
allows ruminants to convert lower quality feed to energy more efficiently than monogastrics such as 
humans, birds and pigs.

During digestion ruminant animals (sheep, cattle and goats) produce a lot of hydrogen, which is 
removed by organisms called methanogens. They do this by combining the hydrogen with carbon 
dioxide to produce water and methane (CH4). Methane then passes out of the animal through 
burping as it chews its cud. It has been known for many years that methane production represents 
poor conversion of food to energy and, as such, is a waste gas. If this could be reduced, then the 
productivity of the animal would be much improved. However, because the rumen is so complex, 
this has proved to be easier said than done. Many methods have failed because no effective way has 
yet been found to carry away the hydrogen from the rumen.  
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METHANE EMISSIONS AND FEED DIGESTIBILITY
The former Federal Minister for the Department of Agriculture, Fisheries and Forestry (DAFF), Hon. Peter 
McGauran said, “We are yet to come to grips with the variability of emissions that exists at the farm scale, 
due to the significant impact diet has on an animal’s production of methane.” This in combination with 
the perceived difficulty of measuring soil carbon sequestration is why the Prime Minister’s Task Force on 
Emissions Trading (Howard Government) decided to leave agriculture out of any trading scheme. The 
current government is struggling with the same issues due to lack of science.

“There is a relationship between methane emissions and feed digestibility; therefore, 
modifying the feed intake for digestibility will reduce methane emissions.” 

(Dr Roger Hegarty)

Put another way, if you increase the efficiency with which an animal digests its feed, you reduce the 
amount of energy released by the rumen micro-organisms in the form of methane gas, and channel 
that energy into growth.

LINKING METHANE EMISSIONS TO PROFIT
The methane debate is one of subtleties, with the true issue being the production of 
methane per kg of production. The major strategy for reducing methane production will be 
the same as the key driver for profitability in grazing: reducing the number of grazing days 
per kilo of product. Putting the methane issue into commercial perspective, it has been suggested 
that a 1% increase in production through a superior diet results in a 1% reduction in methane. The 
difference in methane production between grazing systems can be substantial. The level of methane 
production is another example of the general principle that the greenhouse outcomes of 
rural production reflect financial efficiency. Production of the greenhouse gas nitrous oxide 
(310 times the effect of carbon dioxide), is also a reflection of commercial efficiency.

Staying on the profit analogy, soil carbon sequestration via the movement of atmospheric carbon into 
plants is actually a measure of how successfully we are managing to capture the energy of the sun, 
which is a factor of production. Alternatively, if grazing management results in the loss of carbon from 
the soil to the atmosphere in average seasons, then we are conducting a financially inefficient grazing 
operation. Again with this example, the greenhouse outcome reflects financial efficiency. 

HOW TO RESPOND
The soil carbon debate needs to be linked to the methane debate. This is because all else being 
equal, a landscape with higher soil carbon levels will supply plants of higher digestibility and hence 
lower methane produced per kg of production. Responsible managers contribute less to methane 
production simply because they have higher quality pastures. The carbon:nitrogen ratio of their 
pastures is superior. The management required to maintain higher soil carbon levels will also see 
the survival of the most digestible plants. Furthermore, this same management ensures the most 
digestible plants bulk up more in response to rainfall. All these issues explain why Carbon Grazing is 
responsible for reducing the production of methane per kg of production. The debate on reducing 
methane from ruminants needs to focus more on what is suitable pasture management.

All this reinforces the importance of not just considering greenhouse issues in isolation. The atmosphere 
is part of the environment and is just part of the broader interactive process that occurs. To reinforce 
this point, the CRC for Greenhouse Accounting stated that, “Sustainable farming practices have 
the potential to reduce emissions of greenhouse gases while simultaneously increasing productivity, 
reducing costs, and producing wider natural resource management benefits”.
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The Carbon Grazing message is that production systems can be managed to 
be more profitable while at the same time reducing the negative greenhouse 
aspects. Carbon Grazing is a “systems” approach and views methane as another 
outcome of carbon management.

There are to two components when linking Carbon Grazing outcomes to reduced methane 
production. Firstly, the improved quality of the diet available to ruminant animals in average years and 
secondly, the reduced extent to which the diet deteriorates in dry times (ie the availability of “green 
pick” over time). Chapter 12: How ruminant animals function and the role of green pick explains the 
processes that occur in the rumen and the importance of “green pick” (nitrogen/protein) to maintain 
the digestion process.

The quality of diet in average years is linked to available nutrients in the soil; it has already been 
discussed how nutrients follow carbon. The relevance of Carbon Grazing is that it maximises the 
flow of carbon into the landscape. Carbon Grazing (rest immediately after rainfall) also bulks up the 
most digestible plants.

The “ongoing green pick” message is a more subtle one. This relates to plants remaining green for 
longer (ongoing higher digestibility) as well as being able to respond to small falls of rain in dry years 
(digestibility spikes). Again this is a carbon issue, as soil carbon levels influence water infiltration 
and water holding capacity of the soil. Combined, these two processes promote plant growth and 
the availability of green pick for longer periods of time. Returning to pasture management, plants 
managed under the Carbon Grazing principle have more extensive root systems and retain higher 
energy reserves necessary for responding to rain. Those producers with more “sustainable” pastures 
due to healthier plants and soil, supply their ruminant animals with “green pick” for longer going into 
drought and consequently produce a lot less methane in dry times. 

Finally, those with drought resistant plants like Old Man Saltbush and fodder trees have an ongoing 
supply of protein (green pick), and therefore produce the least amount of methane per kg of production 
in dry times. Given all these variables, if government decides to levy a greenhouse gas tax on animal 
production, one size would not fit all. Apart from the digestibility of feed, the amount of methane 
emitted per animal is related to numerous factors including the weight of the animal.

It is important to realise that improving the feed quality will only lower methane emissions from 
ruminants if total production remains the same. Sheep and cattle will generally eat as much as their 
rumen will hold. Feed with higher digestibility will pass through the rumen more quickly allowing 
the animal to eat more. Therefore, an improved pasture may actually increase an animal’s food 
consumption and thus more methane will be produced “on a daily basis”. Where the true methane 
and commercial gains are to be made, is through better quality feed which can significantly 
reduce the number of grazing days required for producing a kilo of wool or meat. 

Those who want to shift the focus of the debate, from soil carbon sequestration to methane reduction, 
suggest that reducing methane by 10% equates to the best possible soil management outcome for 
carbon sequestration. While this is probably true and highlights that cuts to methane will account for 
the largest positive contribution agriculture can make to greenhouse emission reductions, it further 
reinforces the importance of introducing more carbon into the soil. Given these dual outcomes of 
carbon sequestration and offsetting emissions, this makes it the most cost-effective way for agriculture 
to decrease its greenhouse footprint. Another commercial positive is that the change in management 
required relies more on information flow than capital expenditure.



The former DAFF Minister supported the need to focus on ways to help farmers lower their greenhouse 
emissions and learn about what is needed for participation in emissions trading. Modelling of the 
above issues will be necessary if the livestock section of rural industries is to be provided with a cost-
effective method of involvement in the carbon trading market. The legal aspects of such trading will 
require transparency and quantification to support contracts. The whole process is more complex 
than some are currently portraying.

Responsibility for methane outcomes and soil carbon balances may be treated differently in a technical 
sense. When discussing soil carbon balances, it is important to appreciate that there is a climate 
signal and a management signal. In the case of soil carbon balances, producers are not responsible 
for climate impacts on the landscape. However, they are responsible for management impacts. In the 
case of methane, producers may be seen as responsible for climate impacts. This is because they 
may be seen as in control of the methane outcomes, given they can remove the animals.

Currently in dry times, producers make the commercial decision on whether the animals are retained 
on pastures or removed. This decision is influenced by their ability to viably maintain efficient digestion 
by animals. Placing a value or cap on methane production will add a further commercial consideration 
to their current decision making process. Future decisions will still be influenced by producers’ ability 
to maintain efficient digestion in their stock, except it will be for two reasons, animal and methane 
production.

With non-breeding livestock, it is always in a producer’s commercial interest to do what happens 
to be in the best interest of the rest of society. This is because the greenhouse outcomes of rural 
production reflect financial efficiency. Policy on breeding livestock will need careful consideration, just 
as permanent crops are treated differently when rural industries are faced with water restrictions. 

Excluding agriculture from the carbon trading market will lock other industries out of opportunities to 
offset their own emissions. If the market is limited to trees, then the market will be smaller and industry 
will have to pay more for those offsets. This increase in cost will flow on to consumers and business in 
general, such as with higher electricity costs. To complement the outcome of industry receiving lower 
priced offsets for their emissions, trades will transfer funds to rural industries. Directing the funds into 
changed land management will enable an improvement in Australia’s natural resource base. Apart 
from all the positive environmental outcomes, there will be a lessening of the impact of climate change 
on agriculture due to a more resilient landscape. Furthermore, there will be the potential for increased 
export income from fewer breeding animals with a more resilient landscape.

There has been fear in some agricultural circles regarding the whole greenhouse debate and how it 
is going to impact on conventional management practices. The people who are positive are the ones 
who see the opportunities that regenerative management practices provide. These people seek the 
completion of scientific modelling to allow the representation of their positive outcomes and enable 
their participation in carbon trading. 

One of the purposes of Carbon Grazing is to make representations to international customers seeking 
greenhouse-friendly produce. Carbon Grazing also supplies a response to any environmental trade 
barrier against Australian produce and addresses the question of any import duty based on the 
carbon cost of production. 

METHANE EMISSIONS PER KILOGRAM
Differences between production systems become clearer when the outputs are expressed as the 
amount of methane emitted per kilogram of production. This is determined by the speed of food’s 
passage through the rumen; the faster it moves, the less methane per kg of production.
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The speed of passage is determined by the carbon:nitrogen ratio of the diet. The C:N ratio determines 
the health (efficiency) of the rumen and hence the level of production of methane. In short, the C:N 
ratio determines the digestibility of the feed.

Cellulose in the walls of plants has to be broken down to access what is required. This occurs 
through fermentation in the rumen and is responsible for methane production. High roughage feed 
(high C:N ratio) ferments for longer and is not an energy efficient process. The longer the time of 
passage of the diet, the higher the production of methane. High-quality feeds (balanced C:N ratio) 
flow through faster. The extreme case is the short pick at the end of drought which is too high in 
nitrogen in relation to carbon and flows too quickly. This is a case of the C:N ratio being wrong at the 
other extreme and animals performing poorly as they chase the short, fresh growth.  

The increased weight gain through higher quality diets result in animals going to slaughter sooner 
(termination of methane production). Lower quality diets see animals producing methane for a longer 
period of time to achieve the same level of production. The extreme of this is drought conditions 
when methane production is very high relative to live weight gain or fibre production.

The GRASSGRO modelling simulations include drought as part of demonstrating the very close 
relationship between increased profitability in grazing systems and the reduction of methane 
emissions. With the simulation of the Wongan Hills site in Western Australia, the sheep at the highest 
stocking rate were kept in a Score 1 condition and gained only half a kilogram for a year. This 
simulation of course closely approximates drought conditions. In this situation the sheep are emitting 
nine times more methane per kilo of live weight gain than they would be in the better conditions 
simulated at the lower stocking rate. 

This GRASSGRO simulation has major implications for both grazing management and greenhouse 
emissions. It indicates that the pivot point for grazing systems that reduce greenhouse gas emissions 
is the management of “seasonal variability”. In other words unless the digestibility of the feed can 
be maintained above about 50%, then emissions will skyrocket. Management to reduce seasonal 
variability is the same as focusing on resilience. 

The principle of Carbon Grazing addresses the issue of seasonal variability through maintaining the 
health of perennial plants and soil. This shortens the period when plant digestibility is low, ie lessens 
the time when methane production is very high per kg. 

Increasing the perennial content of pastures is the other contributing factor over time, to reducing 
methane production. This is because perennial pastures are less affected by seasonal variability. 
Complete annual pastures, as a production base, are not suited to the variable climate of Australia. 
Further, they will struggle even more with increased variability that climate change is predicted to bring. 
That said, annual plants are responsible for high production and lower methane in average seasons 
when they are a component of the pastures. In the areas where both C3 and C4 perennial grasses 
exist, pasture management to maintain the C3 component will be important. These C3 grasses have 
a higher digestibility and are responsible for lower methane emissions per kg of production.

Extending the need for perennials beyond grasses, the importance of perennial saltbushes and 
fodder trees in the methane debate relates to their drought resistance. They are the best equipped 
to cope with seasonal variability. They are an ongoing source of protein (nitrogen) and are responsible 
for reducing “the C:N ratio of the total diet of animals in dry times. As an ongoing source of protein, 
they are responsible for maintaining a more balanced rumen, and hence lower methane emissions. 



The drought resistance of Old Man Saltbush (OMSB) is also responsible for reducing methane 
production in an indirect way. At the end of dry times, OMSB can be used to relocate animals so 
they can be removed from pastures with the arrival of rain. This resting at a critical time contributes 
to the health of plants and the soil, which is the cornerstone of reducing methane. Put another way, 
it is diversified and resilient production systems that produce the least methane. Strategic resting of 
pastures immediately after rain is similar to reducing stock numbers in that it increases the quality of 
the diet available to each animal. 

Figure 41: Old Man Saltbush reduces methane emissions in two ways, (1) by supplying protein (nitrogen) in dry times. 
(2) Allowing the resting of pastures after rain to improve the digestibility in both the short-term and long-term.

ALTERNATIVES FOR METHANE REDUCTION
It is currently understood that some animals produce less methane than others on the same diet. 
Following this path to reduce methane will take time as first the markers to identify them will have to 
be isolated. Then their numbers will take time to breed up. 

Rumen modification is currently being researched and does hold potential. 

While rumen modification methods of reducing methane need to be looked at, in the short term the 
best solution is simply focusing on the diet of animals. It has been suggested that in some areas, 
methane could be reduced by 50% to 60% just by changing grazing management.

CARBON GRAZING REDUCES METHANE CHAPTER 19

www.carbongrazing.com.au 123

Old Man Saltbush 
plantations allow 
short term resting of 
pastures at the end 
of dry spells

Both production and 
methane are linked to 
digestibility (win/win)

Unrested pastures 
have lower soil carbon 
levels

See insert 
below

Old Man Saltbush rows

In dry times, saltbush 
rows improve 
digestibility (the 
cornerstone of 
methane reduction) 
by improving the 
carbon:nitrogen ratio 
of the total diet

Less methane

Higher Digestibility

Rested Pasture

Carbon Grazing

Continuous Grazing

Unrested pasture

Lower digestibility

More methane per kg 
of production

Carbon Grazing is short term pasture rest following rain

Introducing carbon through short rests increases pasture digestibility
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CONCLUSION
In Australia, grazing of rangelands is the most extensive land use. Changes in management of these 
areas will have a significant impact on our country’s greenhouse balance.

The greenhouse outcomes (sequestration and emissions) of rural production reflect financial efficiency. 
To quote Warwick Jones when he was assistant manager Greenhouse in DAFF, “Two things stand 
like stone; profitability and sustainability are the cornerstones of greenhouse emission reduction in 
grazing.” By this, he means that the landscape management necessary to achieve profitability and 
landscape sustainability, also achieves a reduction in greenhouse emissions per kg of production. 

The question of methane emissions by ruminant animals, like so many other debates on environmental 
issues and rural profit, is closely linked to carbon stocks in the landscape. Maintaining these carbon 
stocks, in the soil and vegetation, relies on an appreciation that pasture rest is TIMING not TIME (ie 
the basis of the Carbon Grazing principle).

I am indebted to Warwick Jones for his help with technical aspects and initially explaining the link 
between greenhouse outcomes and profit.



“I have finally got to re-reading 
Carbon Grazing. How different it is on 

the second read. I am captivated as you 
reveal the “secrets” of good 

grazing management.” 

…Shane Joyce, Grazier, Theodore, 
Queensland, Australia.

“Alan has the great ability to think 
across scales from the molecules 

involved in carbon fixation, 
the green pick needed for SHEEP and 

CATTLE digestion, to the global 
challenge of climate change.”

…Dr David Freudenberger, 
Former CSIRO scientist,

Canberra, Australia.




