The role of livestock in sustainable food systems
Soil Association briefing
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Some scientists, policy makers, politicians and campaigners, including the chair
of the IPCC, are calling for people to eat less red meat to combat climate
change, because of methane emissions from cattle and sheep - methane is a
powerful greenhouse gas (GHG).
The UK breeding herd has already been allowed to fall by 27% since 1990. As a
result the UK, which has some of the most suitable land in the world for beef
production, has become a major beef importer.
IPCC scientists have recognised that soil carbon sequestration represents
almost 90% of agriculture’s total greenhouse gas mitigation potential.
New research by the Soil Association based on 39 studies which compared the
levels of soil carbon on organic and non-organic farms worldwide, found on
average 20% increases in soil carbon under organic farming.
In Northern Europe soils on organic farms have 28% more soil carbon.
The carbon sequestered through the adoption of organic farming throughout
the UK would offset at least 23% of UK agriculture’s greenhouse gas (GHG)
emissions.
This potential to sequester huge quantities of carbon from the air and store it in
agricultural soils requires major changes to farming systems, including
increasing the area of grassland (especially nitrogen fixing clover) on farms –
along with existing hill farms, these areas will produce grass-fed beef, lamb and
mutton which will be helping to sequester carbon.
A theoretical 500 hectare arable farm where no cattle or sheep have grazed
since the late 1930s, converted to an organic mixed farming system, would
have 250 hectares growing grain and other crops principally for human
consumption, along with 250 hectares of grass and clover short term leys.
Typically the farm might have 220 hectares of grass/clover feeding beef cattle
and sheep, and 30 hectares supporting either a free-range pig or poultry
enterprise (poultry produce only negligible quantities of methane and freerange pigs only about one-fifth of the emissions from sheep).
The carbon sequestered under such mixed organic farming systems would be in
the range of 660 kg -1 tonne per hectare per year for 20 years, with steadily
declining amounts for several further decades. One tonne of carbon is
equivalent to 3,666 kg carbon dioxide. An adult beef animal produces 48 kg
methane per year from enteric fermentation and 2.74 kg from manure. Using
an updated conversion factor of 90, this is equivalent to 2.283 tonnes CO2. For
land sequestering 1 tonne of carbon this gives a net CO2 ‘benefit’ to the mixed
farming system of 1.383 tonnes CO2 per hectare per year for the first 20 years
after conversion.
On average arable farms in the UK use 147 kg nitrogen fertiliser per hectare
per year. The production of a tonne of nitrogen fertiliser releases 6.7 tonnes of
GHGs (in CO2 equivalent) into the atmosphere. Including these emissions from
non-organic arable farms in the comparison reduces the net emissions of CO2
by 985 kg per hectare per year.
After taking into account the methane emissions from ruminants, a typical
conversion of an all-arable farm from a mixed organic system will deliver an
overall net reduction in greenhouse gas emissions expressed in terms of CO2
per of up to 2.368 tonnes of CO2 per hectare per annum.

•

On climate change and human health grounds we need to eat less meat, but
the focus for reduction must be on intensively produced white meat (chicken
and pork), and grain fed beef, while we eat proportionately more grass-reared
beef, lamb and mutton.

Background
Since the publication of a United Nations report, ‘Livestock’s Long Shadow’ in 20061,
there has been increasing awareness about the damaging effect on the global climate
from the methane emissions emitted by ruminant animals. Many campaigners,
scientists like Dr Rajendra K Pachauri, Chair of the International Panel on Climate
Change (IPCC), policy-makers like Lord Stern, and politicians have expressed their
concern and some have called for dramatic cuts in the number of sheep and cattle as a
way of reducing greenhouse gas (GHG) emissions and helping the UK to meet its
emissions targets.
These concerns have been re-enforced by Government-funded work at Cranfield
University which claimed that the carbon footprint of beef and lamb production was
approximately four times higher than that of chicken meat production, and by a range
of evidence implicating high red meat consumption in the increased incidence of some
cancers, coronary heart disease and even lower sperm counts in Spanish men –
entirely the opposite of its past association with male virility.
This paper takes an initial look at the extent to which two important factors have so far
been left out of this debate and finds that their inclusion could lead to very different
conclusions being drawn about the overall benefit of ruminants and some farming
systems that depend upon them. The first of these is the extent to which soil carbon is
lost to the atmosphere from some agricultural systems but has the potential to be
sequestered from the atmosphere to the soil by others. The second issue is the extent
to which food production systems which depend on nitrogen fertiliser are responsible
for large emissions of GHGs.
A third issue, explored in the appendix, is the extent to which beef, lamb and other red
meats from predominantly grass-fed animals have a very different nutritional
composition to that of meat from predominantly grain-fed animals. This provides
evidence to support an as yet untested proposition that such meat is more likely to
have a positive rather than a negative effect on human health.
Soil carbon
One of nature’s major carbon banks, the soil, contains more carbon than all the world’s
forests and the atmosphere put together. Since 1850 one tenth of the carbon added to
the atmosphere as a result of human activity has come from the soil2.
The primary cause of this carbon release has been agricultural intensification,
specifically the substitution of traditional forms of agriculture which maintained fertility
through crop rotation with the use of artificial fertiliser over the last sixty years. Most
arable soils have lost over 30 tonnes of carbon per hectare to the atmosphere (about
one-third of their original reserves), equivalent to 110 tonnes of carbon dioxide per
hectare. Peat soils, such as the Fens in East Anglia, are still losing substantial amounts
of carbon every year3
Unlike fossil fuels, which cannot be put back in the ground, it is possible not only to
stop the current losses from agricultural soils, but also to rebuild their carbon store by
the use of sustainable farming methods. Exemplified by organic farming, these
systems sequester atmospheric carbon dioxide through plant growth and lock a
proportion of this up each year in the soil as organic matter.

The Inter-Governmental Panel on Climate Change (IPCC) has provided data in Volume
4 of its latest (2006) ‘Guidelines for National Greenhouse Gas Inventories’ which show
that a land-use change from arable to mixed farming is capable of increasing soil
carbon levels by 1 tonne per hectare per year for at least 20 years. Analysis by the
Centre for Ecology and Hydrology in the UK indicates that after the conversion of
cropland to grassland, soil carbon levels will continue to increase for 100-750 years,
depending on soil type, with high levels of sequestration in the early decades and
progressively lower annual accumulations over time as the soil slowly achieves a new
equilibrium. The studies on which these were based did not look at organic farming
systems, which include a large number of features and practices likely to increase soil
carbon levels still further. Other studies have observed substantial soil carbon
sequestration over longer periods and also noted additional advantages in
management aspects traditionally found on organic farms, such as the regular
application of farmyard manure and use of deeper rooting grasses.4
A recent Soil Association report reviewed 39 studies which compared the levels of soil
carbon on organic and non-organic farms throughout the world. The average of all
studies showed increases of soil carbon in organic matter of 20%, while those in
Northern Europe contained 28 % more soil carbon. From the same data, we have
calculated that the carbon sequestered through a widespread adoption of organic
farming throughout the UK would offset at least 23% of UK agriculture’s greenhouse
gas (GHG) emissions and probably significantly more than this5 6.
Significantly, IPCC scientific advisers have recognised that soil carbon sequestration
represents almost 90% of agriculture’s total greenhouse gas mitigation potential. In
the UK, the Climate Change Act commits the Government to achieving substantial cuts
in GHG emissions over the coming decades. However, although the Government has
recently recognised the importance of soil carbon sequestration in relation to both
climate change mitigation and adaptation7, and pledged to find ways to reduce carbon
losses from agricultural soils by 2020, it currently has no significant practical
recommendations on how this could be achieved having now recognised that the longfavoured option of reduced tillage will have little on no practical impact8.
For further detail on this issue please see www.soilassociation.org/climate.aspx
Reducing Overall Emissions Through Mixed Livestock Systems
One way to enable soil carbon sequestration is to convert cropland into grassland as
part of a ley/arable rotation which deploys a leguminous grass ley to build fertility,
grazed by ruminant animals to convert the forage into food. This appears to be the
only proven method applicable to large areas of farmland that is capable of
sequestering substantial amounts of soil carbon, whilst at the same time maximising
the production of an adequate range and quantity of food for human consumption.
Since the Second World War, UK agricultural policies have, however, discouraged
mixed farming systems and instead encouraged increased specialisation in either
livestock production or arable cropping. And with the exception of the very welcome
support for organic farming under the Environmental Stewardship Scheme, current
agricultural policies are regrettably still taking most farmers in the opposite direction.
For mixed farming systems to reach their full productive and carbon sequestration
potential it is necessary for approximately half the land to be under grass (and
legumes like clover) and half under arable cropping at any one time. However, unless
the grassland is also producing food for human consumption such systems are, by and
large, not only uneconomical in agricultural terms but would also fail in terms of

feeding an ever-growing global population with adequate quantities of nutritious food.
In Northern Europe and most other temperate regions, such systems of food
production depend heavily on harnessing the ability of ruminants to utilise grass,
where the nitrogen produced by legumes provides the principal source of fertility for
this carbon building phase of the rotations.
But ruminants are increasingly seen as a major cause of climate change, rather than a
means by which it could be partly addressed.9 This is principally because they emit
large quantities of methane and this tends to be considered in isolation from the total
GHG emissions of different food productions systems. While there does not yet appear
to be a formal Government policy on this issue, the UK breeding herd has already been
allowed to fall by 27% since 199010.
Britain is ideally suited to beef production, but cutting ruminant numbers in the UK still
further would help to meet UK targets for reducing methane emissions on the basis of
existing accounting methods. It would though have several major negative
consequences. Beef and possibly lamb imports into the UK would increase, and
sometimes come from countries where they have a very much higher carbon
footprint11. The GHG emissions associated with their production would be allocated to
the country producing the beef or lamb, but the overall emissions to the atmosphere
would be higher. Fields left vacant would be ploughed for cropping where suitable,
leading to significant losses of carbon as carbon dioxide and nitrogen as nitrous
oxide12. Grassland left ungrazed on fields unsuitable for ploughing emits as much
methane when it decays over-winter as if consumed by ruminants, while tree planting
can produce net carbon losses on certain soils with a significant peat content.13
Ruminants have played a crucial role in the maintenance of food production and the
development of human civilisations throughout history. We need to recognise the
essential differences between those fed predominantly on grass and those fed
predominantly on grain, and then reassess the role they could yet play in the
development of a sustainable farming future. Advocating the introduction of
ruminants onto prime arable land, however, is to propose what for many earnest and
concerned people has become the unthinkable. So could we really justify in climate
change terms, for example, the return of sheep and cattle to large areas of Britain’s
most productive cropland, including the wide open fields of East Anglia?
Let’s consider a theoretical 500 hectare arable farm where no cattle or sheep have
grazed since the late 1930s. To convert this farm to a good mixed farming system,
such as that found on the best organic farms, all the land would need to go through a
fertility building phase, but after a few years it should settle down into a rotation
where 250 hectares is growing crops of grain, principally for human consumption,
along with perhaps potatoes and other vegetables, while half is in grass and clover
short term leys at any one time. There are likely to be some crops of grain legumes,
either peas or beans depending on soil type and other considerations. There will, of
course, be capital costs associated with this, because it will need fences to be erected,
ideally hedges planted, water laid on to all fields for livestock to drink and in many
cases the erection of new buildings for livestock, or modifications to some existing
ones. It may even require the building of new abattoirs in some regions.
Typically we might have 220 hectares of the grass supporting a combination of beef
cattle and sheep, and 30 hectares supporting either a free-range pig, or a free-range
poultry enterprise. Since poultry produce only negligible quantities of methane and
free-range pigs only about one-fifth of the emissions from sheep, we can assume that
a maximum of 45% of the total farm will be stocked with ruminants at any one time,
while the whole farm will be part of a mixed farming system with the ability to

sequester soil carbon on a progressive annual basis over many decades.
We know from published sources how much methane is produced annually from
different classes of livestock and how much is released from manures from strawbased and slurry-based systems14. On farms like our theoretical example, typical
ruminant stocking densities are no more than 0.5 livestock units (LU) per hectare over
the whole farm, once they have converted to organic.15
The carbon sequestered under such mixed organic farming systems should be within
the range 0.666-1 tonne per hectare per year for 20 years, with a lower level of
sequestration continuing for the many further decades16 17. One tonne of carbon is
equivalent to 3.666 tonnes carbon dioxide18. An adult beef animal produces 48 kg
methane per year from enteric fermentation and 2.74 kg from manure. Using a
‘conversion’ factor of 9019 this is equivalent to 2.283 tonnes CO2. This gives a likely
net CO2 ‘benefit’ (3.666 –2.283) to the mixed farming system of up to 1.383 tonnes
CO2 per hectare per year for the first 20 years after conversion.
We also know that on average arable farms in the UK use 147 kg nitrogen fertiliser per
hectare per year. During the production of each tonne of nitrogen fertiliser 6.7 tonne
of GHGs (in CO2 equivalent) are released into the atmosphere. If these emissions
from non-organic arable farms are included in the comparison there is an additional
reduction in the emissions of CO2 of 0.985 tonnes CO2 per hectare per year.
It is possible to undertake similar calculations for all grass organic beef or sheep farms
which indicates that overall there is an advantage of approximately half a tonne of
carbon dioxide equivalent in leaving the land in grass and stocking it with sheep or
cattle at up to 1 LU per hectare, compared with ploughing it and growing crops using
nitrogen fertiliser20.
Conclusion
After taking into account the methane emissions from ruminants, a typical conversion
of an all arable farm from a mixed organic system will deliver overall net savings
expressed in tonnes of CO2 per annum per hectare as follows:
Net soil carbon sequestration:
Non-use of nitrogen fertiliser:

1.383 tonnes of CO2/annum
0.985 tonnes of CO2/annum

Total benefit:

2.368 tonnes of CO2/annum

Richard Young, Soil Association policy advisor
15 December 2009
With thanks to Gundula Azeez, Patrick Holden and Peter Melchett

Appendix - Nutritional Composition of Forage-Fed Ruminant Meat
A major analysis of the, sometimes contradictory, scientific evidence by the World
Cancer Research Fund (WCRF) concluded that high red meat consumption increases
the risk of bowel cancer, while high white meat consumption does not. A few individual
studies have also found a link with prostate and pancreatic cancer. Widely-accepted
concerns that the saturated fats found in red meat increase the risk of heart disease
have found their way into the Government’s healthy eating guidelines. There has also
been research in Spain linking high red meat consumption to low male fertility. None
of these negative effects has been established for chicken and other intensivelyproduced white meat, so far.
One rather bizarre aspect of this issue which has received little consideration is that
weekly consumption of beef in the UK fell from 244 grams per person in the early
1950s to126 grams in the 1990s. In contrast chicken consumption during the same
period increased from 19 to 237 grams and has risen further since. Yet this is the very
period during which cancer and heart disease has increased dramatically.
This period equates to the major phase of agricultural intensification, when virtually all
chickens and a significant proportion of cattle, even in the UK, were brought indoors
and fed on a predominately cereal-based diet to increase productivity. Scientists at the
Institute of Brain Chemistry and Human Nutrition in London have recently highlighted
the fact that more than half the energy in a modern broiler chicken (as well as some
organic chickens) comes from fat, whereas 60 years ago, the vast majority of the
energy came from protein. Even more significantly though, the proportion of the
omega-3 fatty acid, DHA, found at significant levels in grass, has fallen dramatically in
chicken meat, which today contains only one-fifth of the level found in wild birds. In
contrast levels of the omega-6 fatty acids derived from grain have not fallen, giving a
highly unhealthy balance of almost ten times as much omega-6 as omega-3. They
associate this with the rise of brain dementia.
Professor Michael Crawford, one of the authors, says that ‘Essential fats for the brain
are the priority…In biochemical terms the limiting factor for the brain is the omega 3
docosahexaenoic acid [DHA]… to get the same amount of DHA from a modern broiler
chicken you need to eat about 3-5 chickens at a cost of over £12 and with 5,000
calories of thrombogenic and atherogenic fats included.’ (Crawford, 2009, pers comm).
While a similar trend has occurred with intensively-produced beef and pork, grass-fed
beef has an omega 6 to omega-3 ration of just 1.65:1. A very high proportion of beef
in recent decades, however, has been produced intensively, in feedlots in the US and
many other countries, and in the barley-beef systems pushed by MAFF for so many
years. Could this be an explanation for the studies that have found harmful trends
associated with high red meat consumption? We have to remember too that the WCRF
included pork in their definition of red meat and worldwide a high proportion of pork is
produced in the most appallingly intensive conditions.
The beneficial effects of omega-3 fatty acids are, as yet, widely accepted only in
relation to cardiovascular disease and it is for this reason that we are advised to eat
two portions of oily fish a week, but recent research has shown that Western diets are
typically as high as 16:1, omega-6 to omega-3, but that reducing this to:
• 2.5:1 reduced colorectal cancer cells and the risk of breast cancer in women,
• 5:1 suppressed inflammation in patients with rheumatoid arthritis.
(Simopoulos, 2008)21.
Even the WCRF, which has been at the forefront of the global campaign to reduce the
consumption of red meat, has acknowledged that the meat of wild animals has a very
different fat profile to that of most farmed animals and may therefore not be linked to

increased cancer risk. However, it has failed to acknowledge that production systems
much closer to the wild are likely to produce meat with similar characteristics to wild
animals. This is a serious omission, because in the absence of such a recognition
economics are driving extensive producers out of business at a much faster rate than
intensive ones. Meat and milk from predominantly grass-fed animals have other
advantages too: higher levels of beneficial conjugated linoleic acid and many other
important micro-nutrients associated with increased well-being.
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8
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1.5

Methane from
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2.96
0.19
0.076
7.06
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