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GRASSLANDS TO OFFSET PART
OF GREENHOUSE GAZ EMISSIONS?  October 2024

Grasslands help offset
part of cows’
greenhouse gas
emissions, TRUE or
FALSE?

TRUE

Grasslands are carbon sinks, which help offset some of the greenhouse
gas emissions from cattle. Good soil management and livestock practices
(such as rotational grazing) can increase the carbon storage capacity of
grasslands. However, this capacity diminishes over time.

KEEP IN MIND

GHG emissions from cattle account for 62% of GHG emissions attributed to
livestock production globally.

Grasslands help offset some of the carbon emissions from livestock farming
by storing carbon.

Good livestock and soil management practices can help maintain or even
increase the carbon stock of grasslands.




The image of agriculture has gradually deteriorated due to various crises!'l and the
questioning of certain livestock or cultivation practices (such as the excessive use of
inputs), put in place to meet production needs. While polls show that the majority of
French people have maintained a high level of support for farmers since 1999} some
citizens are critical of the impacts of agriculture on health and the environment, in the
short, medium and long term.

Criticism frequently singles out the breeding of ruminants and cattle, particularly with
regard to its emissions of methane, a powerful greenhouse gas (GHG) which
contributes to climate change. Indeed, in its report published in December 20233 the
Food and Agriculture Organization of the United Nations (FAO) highlights that
livestock farming is responsible for 12% of global GHG emissions (20.5% in France)
caused by humans; methane accounts for a little more than half of these emissions
(54%).

However, as early as 2009, the FAO has argued that « with better management
practices, the livestock sector can also contribute significantly to mitigating the effects
of climate change [...]. Increasing grazing systems for animal feed, particularly
through effective rotational grazing is potentially the most cost-effective way to
reduce and offset greenhouse gas emissions. The regeneration of vegetation cover
and soil organic matter enhances carbon sequestration, while the incorporation of
high-quality forage in animal feed contributes to the reduction of methane emissions
per unit of animal product »4,

Let us take a closer look at the latest scientific data: can grasslands help to partially
offset livestock GHG emissions?

Agriculture mainly generates three greenhouse gases: carbon dioxide, methane, and
nitrous oxide. Their contribution to the greenhouse effect varies depending on the
gas. For example, methane, although having a shorter lifespan, has a warming
potential more than 80 times greater than carbon dioxidel!



According to the latest FAO report in 2023, GHG emissions from livestock farming
worldwide are distributed as follows:

e 60% direct GHG emissions: this mainly concerns methane from enteric
fermentation (digestion process in ruminants) and nitrous oxide generated by
the management of effluents (manure, slurry).

e 40% indirect emissions: this corresponds to the manufacture of fertilizers and
pesticides, the production of animal feed, the manufacture of food concentrates,
the transport and packaging of animal products or even the necessary
deforestation for animal feed (such as soy).
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The weight of GHG emissions depends on species. According to the FAO (2023), cattle
farming accounts for 62% of livestock farming’'s GHG emissions at the global level, far
exceeding other species'. This is due to their total biomass, which is higher than that
of other livestock, but also to their specific digestion process®l.

The illustration below shows the distribution of GHG emissions from different
livestock farms and animal products (meat, milk, eggs), their origin (emissions linked
to crop extensions, feed, feces, etc. ) and their nature (carbon dioxide, methane or
nitrous oxide).
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Furthermore, the contribution to GHGs is different depending on cattle age and
type. For example, since there are more dairy cows in France than suckler cows, it
follows that dairy cows account for the majority of cattle GHG emissions.

Contribution of different categories of cattle to
GHG emissions in France in 2010
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Livestock farming is not only a source of GHG: grasslands, which in France
represents the bulk of cattle feed, allow carbon to be stored.




Ungrazed grasslands

Carbon sequestration by grasslands is a natural process. In the atmosphere, carbon
is present mainly in the form of carbon dioxide (CO,) and methane (CHy).

Through photosynthesis, carbon is naturally fixed by plants as their metabolism
includes it in the constitution of different molecules and plant tissues.
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This carbon will be allocated to the soil via the residues of aerial parts (leaves,
stems) and roots, but also via root exudates!’), and will add to the stock of organic
matter. Part of the carbon is therefore stored in the soil's organic matter as well as
in the plant’s aerial parts, and will possibly be returned to the atmosphere in the
form of CO, via the respiration of plants and soil microorganisms.

Several scientific studies have shown that temperate grasslands in Europe are
“carbon sinks”: they capture and store more carbon than they release into the
atmospheref®l,

Grazed grasslands

A study by Senapati et al. (2014) compared the carbon storage capacities of a young
sown and mown grassland (without animal grazing) and a young sown and grazed
grassland, in France. This study allowed to measure the carbon fluxes between the
different compartments of the system.




When grasslands are grazed by ruminants, the same processes apply as with
mowing: the carbon present in the atmosphere in the form of CO, and CHj, is fixed
by the plants in the form of organic carbon. Part of this carbon is stored in the
organic matter of the soil and in the plants. Part is returned to the atmosphere via
the respiration of plants and soil microorganisms, but also via the respiration of
ruminants. Cattle also release CH, into the atmosphere through the enteric
fermentation process of their digestive system. Cattle therefore release both CO2
and CH4 into the atmosphere. Thus, the overall respiration of the system (1510gCm~2
year) is higher than in a grassland without animals (1244gCm-2 year-").
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lustration based on the diagram « Net carbon storage measured in a mowed and grazed temperate sown grassland shows potential for carbon sequestration under grazed system »
de Senapati N., Chabbi A., Gastal F., Smith P, Mascher N., Loubet B., Cellier P, Naisse C., 2014.

However, the study by Senapati et al.(2014) shows that the net carbon balance of a
grazed grassland is higher than that of an ungrazed grassland. This is mainly due to
the fact that in the case of a grazed grassland, a large proportion of forage is directly
recycled on site by the feeding animals (allowing the organic carbon contained in the
grass to be allocated to grassland soil), whereas in an ungrazed grassland, most of
the organic carbon contained in the grass (95%) leaves the system in the form of
hay/forage and is not recycled on site. In a grazed grassland, around 25-40% of the
organic carbon contained in the grass ingested by the animals returns to the soil via
the animals’ faeces. A small proportion of the organic carbon contained in the grass
ingested is exported via milk and meat produced by the animals.




Q Did you know?

Soil is the most important natural carbon sink on continental surfaces. Soils store, in the
form of organic carbon, approximately three times more carbon than the atmospherel®

Measuring soil carbon stock is challenging due to its variability over time. The process of
carbon storage typically experiences exponential growth during the initial 30-40 years
(assuming consistent practices, which is rare), after which it slows and approaches a
state of equilibrium where carbon inputs and outputs in the soil balance out over
timel'9, Once sequestered, carbon can persist in the soil for thousands of years,
particularly in deeper soil layers.

In any case, plant biomass production allows carbon to be stored and increases the
carbon content of the soil (as well as its potential to store it). Thus, forests, peat bogs
and even grasslands are particularly interesting for storing carbon.

As with other types of soil, the carbon storage capacity of grasslands changes over
time: it follows an exponential growth for the first 30-40 years, then slows down and
tends towards an equilibrium where carbon inputs and outputs tend to cancel each
other out. Beyond the first 30-40 years, the carbon stock contained in the grassland
soil is significant but the emissions linked to the animals that enhance the grassland
(carbon flux) are therefore no longer offset via this mechanism.

In its latest report 2024, CITEPA (Interprofessional Technical Center for the Study of
Atmospheric Pollution) shows the evolution of the role of grasslands in France in
terms of absorption of CO, equivalent over the last thirty years: this decreasing role
is explained in particular by the “aging” of French grasslandst''l.
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Soil carbon storage capacity depends on a number of criteria, including soil
characteristics and climate, as well as human factors such as plant cover
management, fertilization and farming practices.

Land use

As seen previously, ungrazed mown grasslands and grazed grasslands do not have
the same annual net carbon balance. In the same way, not all soils have the same
characteristics and carbon stocks depending on plant cover. Scientific studies show
that a soil under annual crops has a much smaller stock than a grassland or a forest.
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According to the FAO 2023 report, land devoted to pasture represents 26% of global land surface,
forests 30.3% and arable land 10.8%. It is therefore important to not only protect grasslands and
forests in order to store carbon, but also to expand these areas.

Two European projects (GreenGrass and CarboEurope) have studied the carbon
storage capacity of 28 European grasslands and established an average net carbon
storage capacity comparable to that of European forests. However, a large variability
between grasslands was found during these studies, and these first results must be
interpreted with caution. Furthermore, altough carbon storage capacities of
permanent grasslandl'? and forest are comparable, their respective ecosystem!'3]

may not be, each system playing a specific role in terms of biodiversity, impact on the
water cycle, etc.

Land use conversion

The storage of organic carbon in soil is not irreversible. Thus, the conversion of land
to other uses can promote the release of soil carbon stocks: in other words, soil can
either be a carbon sink or source. For example, when a forest is converted to
grassland or to crops (or vice versa), this is accompanied by a change in soil

characteristics and in the processes operating at the organic matter level, disrupting
soil carbon storage capacitiest'4!



A study conducted by Arrouays et al. (2002) showed that the carbon storage
potential of soils remains almost identical when a forest is transformed into
permanent grassland, whereas the transition from a forest to cropland or from a
permanent grassland to cropland leads to significant CO, emissions. (+2.4 to 4.6 t eq.
COy/hectare/year). Thus, if permanent grasslands were replaced by cultivated areas
(where possible, outside mountainous areas for example), this would result in
carbon destocking and an increase in emissions.

IMPACT ON SOIL CARBON STORAGE

IN THE EVENT OF LAND USE CHANGE

CO, equivalents

Permanent

Permanent
grassland 0843275 grassland ;

t eq. C0%/ha/year
t eq. GO?/ha/year
Afforestation Afforestation

Permanent

grassland ; -012+03
t eq. GO%/ha/year

Afforestation Afforestation

Sue: CO,capture CO,emissions

Arrouays et al., 2002

Culture Culture

24246
t eq. C0%/ha/year

215
t eq. CO%/ha/year E

Culture

sC
o,
o

Permanent =
grassland 0307 -

t eq. CO%/ha/year

Good soil management practices

Other factors can influence the carbon storage capacity of soils, regardless of their
use: these include soil management practices.

Different soil management practices can increase carbon storage capacity. For
instance, permanent grasslands store more carbon than temporary grasslandst’>!
This is due to the absence of soil tillage, the increased production and restitution of
biomass, which allow the soil carbon storage process to follow an exponential
growth during the first 30-40 years. Thus, temporary grasslands subjected to a
succession of crops and whose soil is worked do not offer the same storage
capacities as permanent grasslands. Furthermore, the balanced supply of organic
nitrogen via animal manure or via a nitrogen-rich plant cover such as legumes
increases carbon sequestration. Conversely, a nitrogen deficit can cause carbon
destockingl'®l.
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Grazing intensity is also an impacting factor: overgrazing, which is an excessive
exploitation of the vegetation of a forage area by cattle and other ruminants, can
degrade the plant cover and reduce soil carbon storage capacity through reduced
return of litter (decomposing plant debris) to the soil. Conversely, rotational grazing
(including short rotations) makes it possible to avoid overgrazing, to stimulate
biomass production while reducing the consumption of concentrated feed (cereals,
soybeans, etc.). This also makes it possible to reduce GHG emissions linked to the
management and storage of effluents, with a uniform distribution of nutrients on
the plots'l.

In addition, agroforestry or the presence of hedges in a grassland also makes it
possible to increase carbon stocks.

In its 2023 Global assessment of soil report carbon in grasslands: From curret stock
estimates to sequestration potential, the FAO highlights that 54% of grassland soils
worldwide have stable carbon storage capacities, thanks to sufficient organic inputs.
This is all the more true for environments that are little or not exploited by
humansl'él.

However, grassland soils in certain geographical areas have a negative carbon
balance due to soil degradation (linked to human activity and extreme climatic
events such as water stress, intense and frequent fires, etc.): this is the case in East
Asia, South America and Central Africa, and areas of Africa south of the equator. In
these regions, current carbon stocks in grassland soils are also likely to decline due
to increasing anthropogenic pressure and climatic conditions. FAO has also
published a global soil map that tracks the status of carbon sequestration in soils.

10




Better soil management practices such as manure application (which provides
organic matter to stimulate soil microorganisms), agroforestry, or rotational grazing
offer opportunities to increase the carbon storage capacity of grassland soils in the
short term. Limiting certain changes in use (such as converting permanent
grassland to cropland) and combating poor soil management practices (overgrazing,
systematic and deep ploughing, excessive fertilisation) also contribute to this effort.
Finally, maintaining the carbon stocks already present in the soil is necessary, by
protecting primary or old-growth forests, peatlands and permanent grasslands,
which are carbon sinks and help to offset part of the carbon emissions linked to
cattle farming.

GOOD SOIL MANAGEMENT PRACTICES
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Such practices call for ambitious national and international agricultural policies,
such as the French initiative “4 per 1000” launched in 2015 during COP21,
highlighting the importance of preserving living soils.

However, such initiatives do not address all the GHG issues related to livestock
farming. For offsetting carbon emissions, grasslands, with their margin for progress
in terms of carbon storage, will not be sufficient. Other problems - such as nitrous
oxide and ammonia (NH3*) emissions related to livestock farming - are studied, and
different avenues for their reduction are considered (such as, for example, the
burial of effluents in the soil)l'®! In addition, the imperatives of economic
profitability, productivity and food safety must also be taken into account. That
being said, other levers for action also make it possible to reduce GHGs related to
cattle farming, while being keen to preserve animal welfare: genetic selection,
effluent management, feed, etc.l?®) So many avenues to explore to reconcile cattle

farming and environmental issues...
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Examples of soil management best practices:
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Manure supply Agroforestry permanent grasslands

Thanks to Nathalie Vassal (lecturer in agronomy at VetAgro Sup - Unité mixte de
Recherche sur I'Ecosysteme Prairial) and Paul Villate (teacher in animal and plant
sciences at VetAgro Sup) for their contribution and proofreading of this article.

This article was modified on 14 October 2024 to integrate more recent scientific data.
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