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Introduction
The recent two-day discussion meeting
‘Reducing greenhouse gas emissions
from agriculture: meeting the challenges
of food security and climate change’ sought
to identify the issues and potential solutions
to the need for the UK agriculture sector
to reduce greenhouse gas emissions to
contribute to national and global reduction
targets. This report outlines the issues
identified, the possible solutions proposed
and identifies research priorities for mitigation
of greenhouse gas emissions associated
with agriculture. An appraisal of the realistic
potential for this mitigation is also included.
This document is a report of the meeting,
and reflects the views of the organisers who
wrote it, not necessarily the views of the
Royal Society and the other organisations
responsible for the meeting.

Identification of issues
The primary driver is the target of an
80%1 reduction (relative to 1990) in total
UK greenhouse gas emissions by 2050
as outlined in the UK Climate Change Act
(2008). The primary question for agriculture
is how to decrease greenhouse gas emissions,
while at the same time meeting the need for
a global rise of food production of 70-100%2
in order to feed a human population that will
rise globally from 6 to 9 billion over the same
period. It is acknowledged that agricultural
production in the UK is highly efficient, when
considered in terms of nutrient efficiency i.e.
livestock or crop output per unit of nutrient
input. However, in view of the global pressure
on food supplies, demands upon the UK to
further increase, rather than to decrease, its
agricultural productivity will emerge. This
requirement for increased production is likely
to be accentuated because global climate
change will pose limitations on agricultural
production at lower latitudes. Food is a
global commodity with prices influenced by

global trading and shortages elsewhere will
impact on UK prices. Thus, decreasing UK
agricultural production simply to meet UK
greenhouse gas emission targets could be
counterproductive, in relation to food prices
in the UK. An alternative is to identify ways
of modifying those agricultural practices that
contribute most to greenhouse gas emissions.
Agriculture is responsible for about 8%3 of
the UK’s greenhouse gas emissions, the
most significant components being nitrous
oxide (N2O), with around 76%4 of total UK
release to the atmosphere, and methane
(CH4), with around 40%5 of total UK release.
Almost all of the N2O release occurs as a
by product of nitrogen fertiliser use and
manure N management, while ruminant
animals are the major source of CH4 release,
through their digestive processes and as a
by-product of animal manures. Since the
sources of these key components of the
greenhouse gas budget, as well as their
quantitative significance, are known, they are
clearly identifiable as targets in greenhouse
gas emission reduction strategies. A major
complicating issue in the case of livestock
contribution is that, as a result of greater
affluence, global meat and milk consumption
is expected to more than double by 2050
(largely in developing countries), thereby
placing even more emphasis upon this
aspect of the greenhouse gas budget at a
global level. A knock-on effect of greater
demand for meat in the human diet is
that increasing intensification of livestock
production systems is escalating the demand
for cereal grains as animal feed, which
currently constitute 35%6 of global cereal
production. However, livestock production
systems from hill and upland areas, as in
some parts of the UK, are less reliant on
cereal grain, and produce human food from
land unsuitable for arable production, while
contributing to carbon sequestration.

Two further contributions to the greenhouse
gas budget that are identifiable, tractable
and therefore amenable to manipulation, are
enhanced sequestration of carbon in soil and
reduction in the use of fossil fuels to heat farm
buildings, drive agricultural machinery and
facilitate the distribution of agricultural produce.
In the latter context the use of bioenergy crops
to enable substitution for fossil fuel use must be
considered. Indeed, such crops could be used
to offset fossil fuels in many sectors, so are a
greenhouse gas mitigation option in their own
right, albeit fossil fuel use on farms is currently
not included within the ‘agriculture’ section of
the greenhouse gas inventory.

Identification of solutions
Nitrous oxide release
Nitrogenous fertilisers are sometimes
applied in excess of crop (including grassland)
requirements and the timing of their application
is often suboptimal relative to maximum crop
response. Matching of N fertiliser application to
crop N demand is therefore essential. Breeding
of crops for more efficient N use will enable
reduction of N fertiliser application. Also, the
use of nitrification inhibitors to reduce N2O
release, while retaining N in soil for crop use,
is increasingly being recognised as a potential
mitigation option.
Methane release
At the level of the animal, improving productivity
per animal (e.g. through improved animal health
to reduce wastage and improved management
of diet) will reduce methane per kg product
and the potential of animal breeding to reduce
CH4 production is being actively explored
through research. At the farm level, improved
management of livestock wastes, both in
animal housing and as manures, can reduce
CH4 emissions.
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Enhanced sequestration of carbon
in agricultural soils
Several management options have been
proposed for increasing soil carbon
sequestration in agricultural soil, including
no-till agriculture, the conversion of arable
lands to perennial grassland, and the use
of cover crops in rotations. At the level of
the plant, future modification of root traits of
crops, including the development of perennial
grains with greater rooting mass and depths,
to enhance soil carbon sequestration are
subjects of research. Through research, we
are also increasingly aware of the potential
of permanent pastures to act as significant
carbon sinks and of the potential for changes
in pasture management to enhance soil
carbon stocks. World-wide, permanent
pastures have the potential to offset as much
as 4%7 of global greenhouse gas emissions.
At the UK level, therefore, greenhouse gas
emissions from livestock could be partially
offset by expansion of permanent pasture,
by conversion of arable land to grassland
and through improved management of
livestock on hill and upland areas.
In view of the requirement both globally
and nationally for greater production of cereal
grains there will be a potential for land use
conflicts between the pastoral and arable
sectors and indeed between land for food
production versus biofuel production. Yet,
the potential of bioenergy crops to substitute
for fossil fuels and thereby provide energy
with much lower greenhouse gas emissions
is particularly attractive when considered
in terms of an on-farm solution to higher
energy costs, although careful assessments
of the land use implications are needed. A
less contentious option is that of anaerobic
digestion of animal manures and other food

Food and Agriculture Organisation of the United Nations report “World agriculture: towards 2015/2030”.
Lal R, 2004, Soil carbon sequestration impacts on global climate change and food security, 822 Science 304,
1623-1627.

waste streams for biogas production
which also enhances nutrient recycling
and reduces the need for greenhouse
gas-intensive fertilisers. Research has
the potential to continue identifying
solutions in all these areas.

Identification of research priorities
Balanced N use
We need improved understanding of
the N dynamics of both grassland and
cropped systems so as to enable farmers
to match crop N supply and demand more
effectively. Emissions of N2O from soil
are especially challenging to measure, so
require improvements in the sensitivity and
applicability of monitoring devices. We
need a better understanding of the basis of
spatial (local and regional) differences in N2O
emissions and of the relative importance
of soil and plant characteristics, and their
interactions, as drivers of N2O release in
different UK environmental contexts. We also
need research in grass and crop breeding
to select for efficient N use in low N input
systems, and for improved coupling of plant
N demands with the soil microbial processes
that regulate N supply. Incorporating the
ability to fix atmospheric N in all food crops
(as in legumes) would reduce the need for
inorganic nitrogen fertiliser use.
Methane release
We need intensive research designed to
increase the efficiency of production and
utilisation of forage in livestock with a view to
minimising CH4 release. Of particular interest
is the scope to optimise the productivity from
high forage systems (including hill and upland
systems) to reduce the demand for feed grains.
We need engineering solutions to reduce CH4
and nitrous oxide release from animal wastes.
Capturing methane (and nitrogen) through
anaerobic digestion or other means has
considerable potential.

Carbon sequestration
In view of the great potential of agricultural
soils to sequester C, in particular those
supporting pastures, we need to develop
management strategies and technologies
both to protect existing soil C stocks and
to enable enhancement of rates of C
sequestration in soils. We still lack critical
information concerning the factors that
control the transfer, fate and longevity of C
inputs to soil under different farming systems
and under different UK environmental
circumstances. The sensitivity of C transfer
processes under future climate change
scenarios needs to be evaluated.
Policy issues
Policy is only effective if it results in the
desired behaviour change. We need to
better understand the non-economic (e.g.
institutional, societal, educational and logistical)
barriers that prevent cost effective greenhouse
gas mitigation options being implemented
in the agricultural sector. We also tend to
evaluate each sector in silos and so miss the
potential benefits of efficiency gains that can
arise through a more integrated and holistic
understanding of supply chains, markets
and land use. Hence, social science research
is essential to complement the biophysical
research priorities outlined above.
Assessment of realistic potential
for mitigation
The mitigation potential of the various factors
discussed above can be assessed along with
their costs of implementation to give measures
of cost-effectiveness. Some of the identified
measures, for example, rationalisation of N
fertiliser application, would save the farmer
money. Such cost-negative and low cost
options are sometimes referred to as ‘low
hanging fruit’. Recent initiatives by Defra and
the Devolved administrations have highlighted
such options, but the fact that they are not
currently being employed demonstrates that

there are non-economic barriers preventing
their implementation. These barriers are
risk-related, political, bureaucratic, logistical,
educational and societal and, though they
may prove stubborn to remove, they must
be addressed. Without the removal of these
barriers, the greenhouse gas mitigation
potential available in the agricultural sector
cannot be harnessed. Policy levers are
required, involving both incentivisation and
education, in order to induce the required
changes of practice.
Most of the existing options fall largely into
the realms of efficiency improvement and
best management practice. While they
represent a way forward, we recognise
that the approaches recommended are in
themselves not nearly sufficient to realise
an 80% cut in emissions by the agricultural
sector by 2050. More substantial changes in
practice, or even wholesale structural changes
in the sector, would be needed to meet the
2050 UK targets outlined in the UK Climate
Change Act (2008), but such changes would
inevitably have a negative impact on UK food
production at a time when global demand is
growing significantly. It must be recognised
that there is no ‘one size fits all’ greenhouse
gas mitigation measure that could be applied
to the diverse UK agricultural environment.
Rather, measures need to be tailored to fit
the range of agricultural practices and soil
types that have evolved under the differing
climatic circumstances of the country.

Recent advances in research techniques
have the potential to make step changes in
our understanding of how to increase crop
and livestock production while minimising
greenhouse gas emissions, but translation into
practical application will take time. The role of
‘best practice’ mitigation options under the
various scenarios would ideally be quantified
in demonstration farms or ‘farm platforms’
established in representative locations across
the country. The scientifically-based outputs
of these experimental units need then to
be sensitively ‘marketed’ in the appropriate
farming communities to secure adoption of
‘best practice’.
The logical deduction is that in order to sustain
food production in the UK, agriculture, the
most basic of all human support systems,
will not be able reduce its emissions by 80%,
and targets for greenhouse gas emission in
agriculture will need to be more realistic, with
part of the burden being transferred to other
sectors. It is also important that emissions
from agriculture are not treated in isolation
from other inventories – for example potential
offsetting of emissions against the Land Use,
Land Use Change and Forestry inventory
due to carbon sequestration, and against the
Energy Inventory due to reductions in fossil
fuel use on farms, need to be fully recognised.

Conclusion
We conclude that in the long term, even
with new research outputs and effective
translation, the only structural change that
could be of a magnitude sufficient to even
approach an 80% reduction target in the
agricultural sector would be a large reduction
of agricultural production in the UK, thus
displacing greenhouse gas emissions to other
countries. Such an action is not compatible
with increasing global demand for food and
would be morally irresponsible, economically
unrealistic, and would have no global climate
benefits as it would result in land elsewhere
(undoubtedly less suited to food production)
being converted to grain production to
meet UK demand. Agriculture in the UK is
highly efficient relative to that in most other

developed countries, and climate change
predictions imply that reliance upon efficient
crop production in countries like the UK will
increase rather than decrease over the 40
years leading up to the target date. Research
has already identified improved crops,
livestock and management practices which
can decrease greenhouse gas emissions per
kg food, but it has the potential to do much
more. Combining such biological research
with more effective translation of the new
knowledge, underpinned by behaviour and
economic research, should enable agriculture
to make a significant contribution to reducing
its greenhouse gas emission footprint, though
an 80% reduction while increasing food
production will not be feasible.
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