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1. Livestock farming today in the EU

1.1. The economic importance of livestock and livestock
products

The physical and financial scale of EU livestock production means that it has far -
reaching environmental, economic and social consequences. Livestock production

is an important part of the economy and vitality in many regions including some

margin al rural areas. Its social importance extends beyond employment; many

of the valued landscapes and cuisines of the EU have evolved along with
livestock production. It also has negative impacts on the environment, through

the consumptions of finite resource s (land, water and energy) and the production

of physical flows (such as nutrients, greenhouse gases, and toxic substances)

that can impact on biodiversity, human health and ultimately the functioning of

the ecosystems upon which we depend for food product ion. Livestock also
produce s arange of other goods and services

1.1.1. Livestock play a key role in European agriculture production and
economy

The livestock sector contributes substantially to the European economy .
In 2017, the value of livestock production and livestock products in the EU -28
was equal to U 170 billion , representing 40% of the total agricultural activity L
The contribution  of livestock to total agricultural activity is much higher in
countries like Ireland (74.2%), Denmark (66.4%), UK (60.2%), and Belgium
(58.9%). The milk sector topped the list (13.9%), followed by pork (8.9%), beef,

sheep and goat (8.2%), poultry (5.0%) and eggs (2.4%).

The EU-28 had 131 million livestock units in 2016 2 and more than 50% of the se
units were concentrated in  four countries (Figure 1) . Dairy and beef cattle
represent ed more than 50% of the total European herd , t he pig herd represent ed
25% and poultry 15%. The EU differs from other regions of the world by a
greater relative rate of dairy and beef cattle and a lower relative rate of poultry.

National and regional disparities are large. Dairy and beef cattle are the majority

in 23 out of 28 member states , their share exceeds 80% in Luxembourg and
Irelan d but it is less than 25% in Greece and Cyprus. The pig population is over

66% in Denmark and 33% in Belgium, Spain, Germany and Cyprus. Chickens
represent 37% in Hungary and less than 2% in Ireland. The numbers of live  stock
unit s increased from 1960 to 1990, decreased between 1991 and 2014 and has
slightly increased in recent years. In total, the EU today has far more pigs and

! European Commission, 2018. Agricultural and farm income. European Commission, Brussels, DG Agricultu re
and Rural Development, 27 p.

2 Eurostat, 2019. Agri  -environmental indicator i Livestock patterns. Eurostat, Statistics Explained, Data from
January 2019, Online  publication, https://ec.europa.eu/eurostat/statistics - explained/index.php/Agri
environmental_indicator. -livestock_patterns#Livestock_den sity_at EU_level_in_2016
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poultry than in the early 1960s (+ 55% for pigs), but fewer ruminants ( - 6%
cattle, -17% for s heep). The European bovine population represents 8% of world
bovine population

Figure 1 : Breakdown of EU Livestock Units (GBU s) by Member States and species

France I —
Germany I
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United Kingdom g [ ]
Italy - i M Dairyherd
Poland - m Beefherd
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Source: Eurostat 2

The EU-28 produced 47 million tonnes of meat in 2017 , comprised of pig meat
(50% ), poultry meat  (31% ), beef (17% ), and sheep and goat meat (2%)3. 1t is
now the world's second largest producer of meat, far behind China but ahead of

the United States.  Meat production increased rapidly until the early 1990s , then
pig and poultry production continued to grow but at a slower rate whereas
volumes of beef, s heep and goats have been decreasing under the triple effect of

a reduction in the number of livestock unit, lower efficiency gains than for
monogastric animals and a more modest restructuring of the sector. Egg

production increased by 60% between 1960 and 2014. Finally, the EU now
produces around 160 million tonnes of milk, mainly (more than 90%) as cow's
milk. This production increased by 30% between 1960 and 1984, the n growth

was far weaker during the years when this quota policy was active (from 1984 to
2014) andithas slightly increased since the abolition of milk quotas in 2015.

% Buckwell A., Nadeu E. 2018. What is the safe operating space for EU Livestock? RISE Foundation, Brussels,
108 p.
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Figure 2. EU annual livestock protein production 1961 -2018
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Source: FAO Stat, 2020

The EU -28 is a net exporter on the world market and the international

trade surplus in livestock commodities has steadily increased since

2000, reaching G 33. 7 (Bigutel 8)4 rTheiEW mairflyleSports
dairy products (G 22 billion in 2019TheEUr28 pi g p
al so exports | i ve ani’midowsver, (gioss teab imporislatei o n)
significan t (a0 4.1 bi lighi betgme moredso omce  certain new trade
agreements ( in particular with Mercosur) come into effect. On the other hand,
CETA and Ukraine are already implemented and the first years of CETA show an
improvement of bilateral trade in b eef. European production is carried out at

higher costs and product prices than in many other exporting areas of the world,

but they are based on non  -price competitiveness linked to the criteria of product

safety, traceability and generally quality . Intern ational trade is vital for certain
member states such as Denmark, Ireland, the Netherlands, Germany and

France. Intra -community trade is of equal or even greater importance than world

trade, in a context of heightened competition between MS because of the sharp
reduction in CAP market measures.

4 Chatelli er V., Dupraz P. 2019. Les performances ®conomi ques:ddml«l|cbfpeteévwiéa ge eur op®
colt » ala« compétitivité hors colt ». INRA Prod Anim ., 32,171 -188.
Data form COMEXT, Treatment INRA SMART-LERECO, 2019.

® According Eurostat : https://ec.europa.eu/eurostat/statistics -explained/index.php/Extra __-EU_trade_in
agricultural_goods#Agr __icultural_products: 3 main_groups
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Figure 3: Trade balance ofthe EU -28 ( bi | | ifroom20aD Yo 2019 (left) and of
each country in 2019 (right)
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1.1.2. Importance of livestock for e mployment  and rural vitality
Livestock farming is of crucial importance for many European region and
agriculture and 58% of European farms hold animals 2, European livestock
farms employ around 4 million people (salaried and non -salaried), 80% of whom
reside in the more recent EU member -states. Mi xed crop -and -livestock and dairy
farms account for the largest share of jobs (37% and 25% respectively ), far
ahead of pig and poultry farms (8%), which are fewer in number but larger in
size and have the largest percentage of salaried positions. Some geogr aphical
areas are highly dependent on such jobs, given the importance of animal
production in the local economy. The average livestock farm typically has 1 to 2
workers. Therefore European livestock farm are neither mega farms  with

thousands/millions heads as bovine feedlot as in North America or industrial pig
farms in China or new poultry farms in Ukraine nor small family farms as in
developing countries. European industries linked to animal production (milk and

meat processing, feed for livestock) have a n annual turnover of approximately

0400 billion (2013). Alt hough the total nrumber
food sectors are dominated by a few large companies/cooperatives of global

importance. Across all these sectors, the search for improvements in cost

efficiency and differentiation based on quality and labelling programs play a key
role in competitiveness.

Livestock are present in almost all regions of Europe. A third of all farm animals

T especially dairy, pigs, and poultry i are concentrated within a small number of
areas (Denmark, the Netherlands, Northern Germany, Western France) ° (Figure
4). Intensities of production measured by the number of livestock units per h a
(LU/ha) , vary greatly from one member state to another, ranging from ( in 2016 )
0.2 livestock units in Bulgaria to 3.8 in the Netherlands . These national averages
mask large regional disparities , In Spain and France in particular. Such variation

® C. Roguet C., Gaigné C., Chatellier V., Cariou S., Carlier5 M. Chenut R., Daniel K., Perrot C. 2015.
Spécialisation territoriale et concentration des productions animales européennes : état des lieux et facteurs
explica tifs. INRA Prod. Anim ., 28,5 -22.
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often requires solutions tailored to a regional or even sub  -regional scale’; there
is no fAone size fits Imlregion sowith a mgh Ipropseriioh aft i on .
grassland, the grazing livestock density index also varied greatly (see Figure 14)

It ranges from 1.7 LU/ha in intensive grassland based system (Ireland,
Netherlands, part of B avaria, Galicia , etc.) thatis nonetheless lower than that of
high density areas with little grassland (2.6 LU/ha), to 0.5 -1.0 LU/ha in
intermediate zones (Massif Central, Austria, Wales, etc.) and to less than 0.3
LU/hain low density zones (North of Scotland, Mediterranean zone S, etc ).

Figure 4: Livestock density within the European Union in 2016 for: (a) all
livestock, (b) all bovines, (c) pigs and (d) poultry. Estimated by dividing th e
number of livestock units by the utilised agricultural area ( UAA) within each
NUTS 2 region.

o E T Livestocldensityd asses
| (LU per ha of UAA)
Guadioeps BR) Raunion (781] Cuadmioups BR) |
T = ] 04-<08
sl o = 1] o08-<1.2
T | TR B 12-<14
9 W, - >1.4
> o . NA
LS
Beorms 1 Madera 1) Ao @1 Mceira 1)
G e A
Source: Eurostat, March 2020; maps created by Matteo Sposato, SRUC
" Dumont B. (coord), Dupraz P. (coord.), Aubin J., Batka M., Beldame D., Boixadera J., Bousquet -Melou A,
Benoit M., Bouamra -Mechemache Z., Chatellier V., Corson M., Delaby L., Delfosse C., Donnars C., Dourmad
J.Y., Duru M ., Edouard N., Fourat E., Frappier L., Friant -Perrot M., Gaigné C., Girard A., Guichet J.L., Haddad
N., Havlik P., Hercule J., Hostiou N., Huguenin -Elie O., Klumpp K., Langlais A., Lemauviel -Lavenant S., Le

Perchec S., Lepiller O, Letort E., Levert F.,, Ma  rtin, B., Méda B., Mognard E.L., MouginC., Ortiz C., Piet L.,
Pineau T., Ryschawy J., Sabatier R., Turolla S., Veissier I., Verrier E., Vollet D., van der Werf H., Wilfart A.
(2016). Ex pertise scientifique collective : Roles, impacts et services issus des élevages en Europe. Rapport Inra
(France), 1032 p.  www.inrae.fr/sites/default/files/pdf/esco -elevage -eu-rapport -complet -en-francais.doc.pdf
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1.1.3. European consumption of animal products in perspective

Europeans consume large guantities of animal products per capita
Protein of animal origin covers over 50% of the total protein intake of European

diets ® and EU27 per capita consumption is more than twice the world average,

though still less than in North America (Figure 5) . In 2020, each European
consumed 69.5 kilograms of meat annually expressed in retail weight equivalent
and 236 kilograms of milk in litres of milk equivalent °. Pork was in first place
(31.3 kg) followed by poultry  (25.6 kg) and ruminant meat  (10.8 for beef and
1.8 kg for sheepmeat) . EU meat and dairy consumption per capita increas ed for
several decades before starting to decline in recent years (Figure 5). Meat
consumption is expected to decline  further by 2030 °. The decline is accompanied
by a shift in the consumer basket with a decrease in beef consumption and an

ongoing replacement of pigmeat by poultry meat . EU-wide average figures mask
significant national disparities, for both meat and milk, in terms of current
consumption and trends over time. This heterogeneity can be illustrated by
noting that the annual consumption per capita varies for meat from 34 kilo grams
in Bulgaria to 62  kilograms in Luxembourg, for milk from 115 kilograms in
Cyprus to 353 kilograms in Finland . Since 2011, there have been significant
drop s in meat consumption  in ltaly ( -8 kg) , Germany ( -10 kg), and Belgium  (-26
kg) but smaller changes in Franc e over the same period , although there has been
a shift from red meat to poultry meat.

Figure 5: Evolution of consumption of animal products per person inthe EU -28
Index 100 in 1980
180 . Poultry
160
140

120

100 |

&\ L
80

Bovine

60 rr—rrrr—rrrrrrrrr-reYYeeTTTTTT

1980 1985 1990 1995 200 2005 2

Source: Dumont et al, 2016 7

8 Westhoek H., Lesschen J.P., Leip A., Rood T., Wagner S., De Marco A., Murphy -Bokern D., Palliére C., Howard
C.M., Oenema O., Sutton M.A. 2015. Nitrogen on the table: The influence of food choices on nitrogen emissions

and the European environment. European Nitrogen Assessment Special Report on Nitrogen and Food, Centre for

Ecology & Hydrology, Edinburgh, UK, 70 p.

9 EC 2019. EU Agricultural Outlook for market income 2019 -2030. European Commission DG Agriculture and
Rural Development. Brussels
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1.1.4. European Livestock and meat consumption in a global food
security perspective

While consumption in the EU stagnates or tends to decrease, the global
demand is expected to sharply increase 1 for major livestock
commodities between now and 2050 . World demand for meat should
increase by + 15% over the next ten years to be close to 38 kilograms per
person per year in 2027 !, for a largely in the form of poultry and pork. FAO
estimates that demand is expected to increase by 200 million tonnes between
2010 and 2050. Global consumption of milk and dairy products would increase by

about 25% by 2027, mainly in the form of fresh dairy products !

Feeding the world in 2050 by offering all healthy, balanced diets and

respecting the environment is a huge challenge . Meeting this challenge
requires acting simultaneously on the demand side and supply sides. It may
require decreases in the amount of livestock commodities consumed by some

people (OECD countries) and increases in others (particularly the poor in sub -
Saharan Africa and South Asia) . Losses and waste also need to be reduced
along the produ ction, processing, distribution and consumption chain. World food
security could be improved by reducing over consumption  (relative to dietary
requirements) of animal products **. However it should be noted  that much of the
challenge needs to be met in Asia where 47% of the world's meat is currently
consumed (including 27% in China but only 2% in India ) and consumption per
capita is increasing . The EU accounts for 15% or world meat consumption ( 19%
including Russia) , which is similar to North America , while Africa consumes only
6% **. In relation to the uneven growth of supply and demand across the

different regions of the globe , the future is likely to see a continuation of the net
export of animals , animal products and livestock feed materials from South and
North America, Europe and Oceania to Asia and Africa *°.

10 Alexandratos N., Bruinsma J. 2012. World agriculture towards 2030/2050: the 2012 revision. ESA Working
paper No. 12 -03. Rome, FAO .

1 Organisation for Economic Cooperation and Development, Food and Agriculture Organization of the U nited
States, 2018. OECD-FAO Agricultural Outlook 2018  -2027. OECD, Paris, FAO, Rome, 112 p

2 Mora 0., de Lattre -Gasquet M., Le Mouél C. 2018. Land Use and Food Security in 2050: A narrow road -
Agrimonde -Terra. Editions Quae, Paris, Collection Matiére a débattre, Paris, 400 p

3 WRI (World Resources Institute), 2018. Creating a sustainable food future: A menu of solutions to feed
nearly 10 billion people by 2050. WRI, World Resources Report, Synthesis Report, December 2018, 96 p.

Guyomard H., Darcy -Vrillo n B., Esnouf C., Marin M., Russel M., Guillou M., 2012. Eating patterns and food

systems: Critical knowledge requirements for policy design and implementation. Agri. Food Security 2012: 1 -
13.

4 OCDE-FAO. 2018. Perspectives agricoles de 'OCDE et de la FAO 2018 -2026. Editions OCDE, Paris. DOI:
https://doi.org/10.1787/agr_outlook -2018 -fr.

% Guyomard H., Manceron S., Peyraud J. -L., 2013. Trade in feed grains, animals, and animal products: Current

trends, future prospects, and main issues. Animal Frontiers  3(1): 14 -18.
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1.2. Effects of livestock on the environment and resource

use
The consequences of nutrient losses on the quality of surface and ground waters
brought attention to the environmental impact of livestock farming in the 1990s.
This was followed by concerns about the s%ctoros
and the extent to which production might exceed so -called o6planet boun

notably biosphe re integrity, land system change, fresh water consumption,
nitrogen and phosphorus flow .

1.2.1. Livestock impactson clima te

The contribution of  livestock to climate change was highlighted in 2006 by the
FAO repor t'® and is today one of the greatest challenges facing the livestock
sector . Livestock contribute s to climate change by emitting GHG, either directly

(e.g. from enteric fermentation) or indirect ly (e.g. from feed -production activities
and deforestation).  Globally the livestock sector in 2005 was estimated to emit

7.1 Gt of CO ,-eq, which represents 14.5% of all GHG of human origin 8 More
recent evaluation from FAO" provides an estimate of 8.1 Gt CO »-eq in. Methane

(CH,) accounts for about 50 percent of the total followed by nitrous oxide (N ,0)
and carbon dioxide (CO ,) that represent almost equal shares with 24 and 26
percent, respectively . Among species bovines are the highest contributors
(37.0% beef, 19.8 % milk) , pigs are the second (10 .1%) and then chickens and
eggs (9.8%), buffalo (8.6%) and small ruminants (meat and milk of ovine s
6.2%). The rest of emissions are allocated to other poultry and non -edible
product s.

The emissions intensities (El, the kg of CO >-eqg per unit of output) can vary
significantly  between and  within commodities , reflecting differences in , for
example, agro -ecological conditions, and agricultural practices  (Figure 6 and 7).

It has been argued that this variation provides scope for significant reductions in
18

emissions ~°. These variations are particularly important for bovine meat where El
can vary in a ratio of 1 to 4 in European systems . Comparing global averages,
the EI of aquaculture is similar to the main monogastric commodities (pig meat

and broiler meat) .

6 FAO: Steinfeld H., Gerber P., Wassenaar T., Castel V., Rosales M., de Haan C. 2006. Livestockods |l ong shad:q
FAO, Rome .

" Rockstrom J.W., Steffen K., Noone K., Persson A., Chapin F.S., Lambin E.F., Lenton T.M., Scheffer M., Folke

C., Schellnhuber H.J. 2009. A safe operating space for humanity. Nature 461, 472 -475.

8 FAO: http://www. fao.org/gleam/

Gerber P.J., Steinfeld H., Henderson B., Mottet A., Opio C., Dijkman J., Falcucci A. , Tempio G. 2013.  Tackling

climate change through livestock T A global assessment of emissions and mitigation opportunities. Food and

Agriculture  Organization of the United Nations (FAO), Rome
FAO 2019. Five Practical Actions towards Low -Carbon Livestock. Rome.

¥ FAO. 2017. Global Livestock Environmental Assessment Model (GLEAM). Rome, FAO. 109 pp. (available at
www.fao.org/gleam/en/ ).

2 Hilborn R., Banobi J., Hall S.J., Pucylowski T., Walswort T.E., 2018. The environmental cost of animal source
foods. Front Ecol. Environ  2018; doi:10.1002/fee.1822
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Figure 6: Regional average emissions intensities (El, the kg of CO 2-€eq per unit of
output) for 2010 for cattle milk and meat (left) and pig and chicken meat (right)
including emissions arisingp  re-farm and on -farm.
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Figure 7 : Variation in emissions intensities (El, the kg of CO >-eq per unit of
output) within EU regions (rank NUTS 2). Red dots are the average 2
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In 2017, t he EU-28 agricultural sector generated 10% of the region's
total GHG emissions 2?, which is less than industry sector (38 %), transport
(21%) and residential and tertiary (12 %) . However, further emissions arise
2 Leip A., Weiss F., Wassenaar T., Perez I., Fellmann T., Loudjani P., Tubiello F., Grandgirard D., Monni S.,
Bi al a K. 2010. Evaluation of the |livestock sectords contribution
final report: European Commission, Join t Research Centre, 323 p.

http://ec.europa.eu/agriculture/analysis/external/

livestock -gas/ .

2 European Environment Agency, 2019. Annual European Union greenhouse gas inventor y 1990 -2017 and
inventory report 2019. Submission under the United Nations Framework Convention on Climate Change and the

Kyoto Protocol, 27 May 2019, EEA/PUBL/2019/051, 962 p.
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outside the EU as a result of EU agricultural activity, through the production of
inputs such as feed and fertiliser.

9 Almost half of the agricultural emissions arising within the EU come from
enteric fermentation (mainly ru minants ) and the management of manures of
(all livestock ). Once emissions related to the production, transport and
processing of feed are included , the livestock sector is responsible for 81 -
86% 2! of the agricultural GHG emission s. Gross emission of ruminants can be,
at least partly, offsets by soil C sequestration under grassland . The C
sequestration potential would range from 0 to 4 t C/halyear depending on the
ecological zone, soil characteristics, climatic conditions and agricultural
practices and the level of sequestration (intensity, duration) is still a matter of
scientific debate  2°.

9 The agricultural sector is responsible for 52% of the total EU -CH, emissions
(mainly livestock and rice cultivation but without counting wetland) and 74 %
of total EU -N,O emission (mainly from fertilizer application and exposed
soils). W ithin the agricultural sector CH 4 represents 55% and N ,0 43% of
GHG emissions . These date show that efforts must focus as much on N 20 as
onCH;f or achieving the EUOb6s climate ambition

1 Methane emitted into the atmosphere is removed by photochemical oxidation
so that only about half will remain after a decade whereas N,O and CO,
remain several decades/ centuries ?*. This means that a steady level of
methane emissions leads to a steady amount of methane in the atmosphere
and do not contribute to the increase of global temperature. R educing
methane emissions would reduce the concentration in the atmosphere,
leading to near -term cooling as would be the case with active removal of  CO,.
Methane is therefore one of the most powerful levers to slow global warming
and any decrease in emission intensity will have very positive effect . It is

25

suggested that to limit warming to 1.5 to 2°C (COP 21), CO, and N,O
emissions originated form human activities should be reduced to zero
whereas CH, emission should be declining but do not have to re ach net zero

Land use change has contribute d to EU-28 GHG emissions via their effects
on soil carbon stocks.  The conversion of arable land into to grasslands or forests
contributes to the storage of C in the surface and deep horizons of the soil at a

similar rate ?® (0.5 t C/halyear during the 20 first years) , while the conversion of

% goussana J.F., Tallec T., Blanfort V., 2010. Mitigating the greenhouse gas balance of ruminant production
systems through carbon sequestration in grasslands. Animals 4, 334 -350.

Smith, P., 2014. Do grasslands act as a perpetual sink for carbon? Global Change Biology , 20 (9): 2708 -2711.
DOI: http://dx.doi.org/10.1111/gcb.12561

2 Allen M.R., Shine K.P., Fuglestvedt J.S., Millar R.J., Cain M., Frame D.J., Macey A.H. 2018. A solution to the

misrepresentations of CO2  -equivalent emissions of short -lived cl imate pollutants under ambitious mitigation.

npj Climate and Atmospheric Science 1:16 ; www.nature.com/npjclimatsci DOI:
https://doi.org/10.1038/s41612 -018 -0026 -8

= Fuglestvedt J., Rogelj J., Milla  r R.J., Allen M., Boucher O., Cain M., Forseter P.M., Kriegler E., Shindell D.

2018. I mplications of possible interpretations of 6greeahouse
Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 376(2119), 20160445.

DOI: https://doi.org/10.1098/rsta.2016.0445

% Arrouays D., Balesdent J.C., Germon P.A. Jayet J.F. Soussana J.F., Stengel P. (eds). 2002. Mitigation of the
greenhouse effect - Increasing carbon stocks in French agricultural soils? Scientific Assessment Unit for
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forests and grasslands to arable land leads to rapid losses (Figure 8) . Between
1990 and 2017, the net balance was negative at European level 2 European
agriculture also affects changes in land use outside the EU due to international

trade in agricultural products.

Figure 8. Changes in the carbon stock in soils associated with practices causing
carbon storage or destocking (uncertainty: +/ - 40%)
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Source: Fuglestvedt et al, 2018 25

The sectors are engaged in initiatives to reduce their C footprint . EU-28
agricultural GHG emissions decreased by 24% between 1990 and 2013, from

554 to 423 Mt CO ,-eq*. EU agricultural CH , decreased by 21%.  This is slightly
less than the energy sector (29%). The main explanatory factors are the sharp

reduction in the number of cattle, especially in Eastern European countries
following the fall of the communist regimes . In particular, b eef production went
down by about 20 -25% over this period. Emissions have tended to increase
slightly since 2013 under the combined effects of increases in animal number in
some countries (Poland, Spain) and N fertilization, increases themselves linked to

growth in animal and plant production 27 At the same time, the decrease in the
practice of grazing and its corollaries (converting grasslands, simplificat ion of
landscapes) have negative effects on both the environment (reduction of carbon

sinks) and biodiversity.

Technical progresses have been achieved and s ignificant progress is still possible
to mitigate GHG emissions . Globally m itigation potential can reach 50% in 2050

Expertise. Synthesis of an Assessment Re port by the French Institute for Agricultural Research (INRA) on
request of the French Ministry for Ecology and Sustainable Development, 32 pp.

Smith P. 2014. Do grasslands act as a perpetual sink for carbon? Global Change Biology , 20(9), 2708 -2711.
DOI: https://doi.org/10.1111/gcb.12561

2" Eurostat, 2018. Production agricole, indices de prix et revenu agricole. Eurostat, Statistics explained, ISSN

2443 -8219: https://ec.europa.eu/eurostat/statisticsexplained/index.php?title=Agricultural_output, price,
indices_and_income/f _ r&oldid=373156

% pellerin S., Bamiére L., Angers D.A., Béline F., Benoit M., Butault J.P., Chenu C., Colnenne -David C., De Cara
S., Delame N., Doreau M., Dupraz P., Faverdin P., Garcia -Launay F., Hassouna M., Hénault C., Jeuffroy M.H.,
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compared to 2010  using actual technologies but probably less in Europe. Enteric
methane is the main source of GHG in ruminant farming, but it is also the most

difficult to mitigate. The other sources of emissions are technically easier to
master .

1 Changes in feed production with the use of legumes (forage legumes in
grassland, grain legumes) which reduce the use of nitrogen fertilizers and
improve feed quality may reduce both N 2O and CH 4, emission to some extent.

1 Smart use of manure (collection, storage facilities, application) allow to
reduce methane emission 2°. Better use of manure to replace synthetic N
fertilizer offer additional ways of reducing CH 4, N,Oand the CO, associated
with synthetic fertiliser production. Generating energy via anaerobic
fermentation has a strong effect but requires investments.

1 Improved herd management can reduce emissions.  Age at f irst calving and
replacement rate showed potential to reduce enteric CH 4, emissions mainly by
modifying the number of dairy cows and replacements heifers in the herd for
a given level of milk production on the farm . Reducing age at first calving
from 36 to 24 month s and replacement rate from 40 to 25% have the
poten tial to reduce emiss ions by respectively 8 and  10% *°.

T Improv ementof animal health is a major issue for CH4; mitigation , notably
in developing countries *® but the importance of this lever is in fact very little
known although WHO has quoted that globally, 20% of animal productivity
losses would be related  to animal diseases.

I Mitigation of ruminal methane emission can be achieved by using feed
additives . U nsaturated fatty acids (oil seeds) , molecules, such as nitro -oxy
derivatives (3NOP and methyl 3NOP) can reduce enteric CH 4, emissions up to
30% without negative effects on performance over s everal lactations
However, the presence of residues in milk or meat remains an unresolved
issue apart linseed products that increase omega -3 contents in animal
product and can thus be considered as a win -win strategy . Plant secondary
compounds are the subject of numerous studies but with results that are not
always convincing.  Selecting low emitting animals is another interesting way

31

on the long term, but some trade -offs might appear, the most efficient
Klumpp K., Metay A. , Moran D., Recous S., Samson E., Savini I., Pardon L. 2013. Quelle contribution de
l'agriculture frangaise & la réduction des émissions de gaz a effet de serre? Potentiel d'atténuation et codt de
dix actions techniques. Synthese du rapport d'étude, INRA ( France), 92 p.
http://institut.inra.fr/Missions/Eclairer -les-decisions/Etudes/Toutes _ -lesactualites/ .
Global Research Alliance on Agricultural Greenhouse ga ses, www.globalresearchalliance.org
2 |PCC, 2006. IPCC Guidelines for National Greenhouse Gas Inventories. Agriculture, forest ry and other land

use. Emissions for livestock and manure management, 4, Chap. 10, 87 .

% Dall-Orsolettaa A.C., Leurent -Colette S., Launay F., Ribeiro  -Filhoa H.M.N., Delaby L. 2019. A quantitative
description of the effect of breed, first calving age and feeding strategy on dairy systems enteric methane
emission. Livestock Sci., 224, 87 -95. https://doi.org/10.1016/].livsci.2019.04.015

81 pPatra A., Park T., Kim M., Yu Z.T. 2017. Rumen methanogens and mitigation of methane emission by anti -
methanogenic compounds and substances. J. Anim. Sci. Biotechn ., 8, 13. https://doi.org/10.1186/ s40104 -017 -

0145 -9.

Page |12


http://institut.inra.fr/Missions/Eclairer-les-decisions/Etudes/Toutes-lesactualites/
file://net1.cec.eu.int/agri/Public/AGRI%20C%20NEW/Study%20JRC%20(C2-C4)/www.globalresearchalliance.org
https://doi.org/10.1016/j.livsci.2019.04.015
https://doi.org/10.1186/s40104-017-0145-9
https://doi.org/10.1186/s40104-017-0145-9

Study onFuture of EU livestock: how to contribute to a sustainable atitical sector?

animals to diges t cellulose being those which also produce the most CH 4 per
kg of DM ingested 2.
9 Precision feeding has also a mitigation effect by increasing feed efficiency

using customized balanced feeding programmes for each animal (lower feed
intake for similar performance).

Although progress is still possible in Europe, the abatement potential is likely to

be rel atively low compared to some other regions, where there are more
ruminants and  higher emissions intensities (Figure 6), which provides  greater
scope for cost-effective reductions in emissions . While the European cattle
population is only 8.9% of world cattle population 3, the EU still has an important
role to play in developing and demonstrating mitigation methods and policies

that can deployed both domestica lly and elsewhere in the world.

1.2.2. Local impacts of L ivestock on air and water quality

The regional concentration of animal production causes diffuse pollution

of air and water . More than 80% of the nitrogen of agricultural origin present
in all European aquatic environments is linked to livestock farming activities 34
and livestock farms are the principal emitters of ammonia and account for 90% %

of ammonia emissions of the agricultural sector when considering emissions

linked to the fertilisers used to produce feed. Livestock is responsible for a large

share of leaks into coastal waters from river s, with range of variation according

to the zones, from 23 to 47% for nitrogen and from 17 to 26% for phosphorus.

The specialization of farms and the regional concentration of animal production

generat e locally an excess of nutrients, in particular nitroge n and phosphorus
(Figure 9), and the consequent  pollution of air and water . Public policies such

%2 Mc Donnell R. P., Hart K.J., Boland T.M., Kelly A.K., Mcgee M., Kenny D.A. 2016. Effect of divergence in

phenotypic residual feed intake on methane emissions, ruminal fermentation, and apparent whole -tract
digestibility of beef heifers across three contrasting diets. J. Anim. Sci . 94:1179 1 1193.

% USDA. 2017. World Cattle Inventory. Ranking of countries, 2017 ._http://beef2live.com/story -world -cattle -
inventory -rankingcountries -0-106905. Accessed August 29, 2017

% Westhoek H., Lesschen J.P., Leip A., Rood T., Wagner S., De Marco A ., Murphy -Bokern D., Palliére C.,

Howard C.M., Oenema O., Sutton M.A. 2015. Nitrogen on the table: The influence of food choices on nitrogen
emissions and the European environment. European Nitrogen Assessment Special Report on Nitrogen and Food,
Centre fo r Ecology & Hydrology, Edinburgh, UK, 70

Leip A,, Billen G., Garnier J., Grizzetti B., Lassaletta L., Reis S., Simpson D., Sutton M.A., de Vries W., Weiss F.,
Westhoek H. 2015. Impacts of European livestock production: nitrogen, sulphur, phosphorus and greenhouse
gas emissions, land use, water eutrophication and biodiversity. Environmental Resource Letters 10,
https:/ /doi.org/10.1088/1748 -9326/10/11/115004

% European Environment Agency, 2018. Air quality in Europe - 2018 report. EEA, Copenhagen, 88 p.

% Leip A., Achermann B., Billen G., Bleeker A., Bouwman A.F., De Vries A., Dragosits U., Doring U., Fernall D.,

Geupel M. , Herol stab J., Johnes P., Le Galll A. C., Mo nni S.,
H.l., Simpson D., Seufert G., Spranger T., Sutton M.A., Van Aardenne J., Vos M., Winiwarter W. 2011.

Integrating nitrogen fluxes at the European scale. In : The European Nitrogen Assessment. Sources, Effects and
Policy Perspectives (M.A. Sutton, C.M. Howard, Erisman J.W., Billen G., Bleeker A., Grennfelt P., Van Grinsven

H., Grizzeti B. (eds.), Cambridge University Press, Cambridge, UK, 345 -376. T he Europ ean Commission is not
responsible for the use of maps
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as the Nitrate s Directive *’ and the Water Framework Directive have tackle d this
issue .

Figure 9: Distribution of total nitrogen consumption by livestock ( A) in Europe
and reactive nitrogen emissions to aquatic systems as Nitrate (B) and air as

Ammonia (C) and N,O (D) (inkg N/km2/year ).
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However, t he same nitrogen pressure can result in different environmental
impacts depending on the sensitivity of the local environment and its capacity to
use or transform nitrogen from anima | waste (Carrying capacities of

57 Alterra 2011. Recommandation for establishing Action Programmes under directive 91/676/EEC concerning
the protection of waters agains pollution by nitrates form agricultural sources. Wageningen: Alte rra,
(ENV.B.1/ETU/20/10/0063)
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territories) . The nitrate content in water do es not depend solely on the level of
nitrogen balance surpluses, but also on climate, soil, and land use (animal per

ha, proportion of cropland, etc.). In particular, a large pro portion of pastures in a
given area reduces risks for nitrate leaching, ammonia emissions and P runoff. In
addition, other sources of variation that are rarely quantified may play a role in

the environmental impacts of nitrogen excesses: soil N organizatio n, other
gaseous losses, inhibition of nitrification and residence time in aquifers.

Efficiency at the scale of the animal is not representative of that of the

production system Efficiency of N use is low when calculated at the animal

level . 45% of feed N is retained by chicken,  35% by pig, 20to 30% by dairy cow
and 20% to 10% by beef cattle . The m ajor part of feed nitrogen is excreted into
the environment. At the livestock farm scale, the efficiency of nitrogen inputs

increases because of recycling anima | manure and production of crops . At this
scale animal density per hectare , manure utilization and associated use of land
has determining role s on nitrogen (and also P) losses. N efficiency at the farm

gate results from complex interactions (Figure 10)
cancelled by bad management at a previous or

, one improvement can be
subsequent stage .

Figure 10 : N flow in mixed farming systems with
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Source: adapted from EEA, 2018 and Leip et al, 2011

% Sutton M.A., Howard C.M., Erisman J.W., Bealey J., Billen G., Bleeker A., Bouwman L., Grennfelt P., van
Grinsven H., Grizzetti B. 2011. The challenge to integrate nitrogen science and policies: the European Nitrogen

Assessment approach. In: Sutton et al.,

Perspectives. Cambridge: Cambridge University Press, 52

% Jarvis S., Hutchings N., Brentrup F., Olesen J.E., van de Hoek K.W.

across Europe.

H., Grizzetti B. (eds).
Cambridge University Press, 211

-228.

-96.

eds. The European Nitrogen Assessment. Sources, Effects and Policy

2011. Nitrogen flows in farming systems
In: Sutton M.A., Howard C.M., Erisman J.W., Billen G., Bleeker A., Grennfelt P., van Grinsven

The European Nitrogen Assessment. Sources, Effects and Policy Perspectives. Cambridge:
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Options are available to improve N and P efficiency at animal, farm and

territory level ~ “°. Much progress ha s been achieved by reducing protein supply
and using synthetic amino acids to better m atch the ration to the animal
requirements. This is the case of the multiphase feeding strategies for pigs with a

30-40% reduction in N output for similar growth rate since 1990. Precision
feeding might allow a further 20% reduction “1. A major path for preserving
nitrogen and reducing purchases of synthetic N fertilizer is the control of the

entire manure management chain (Figure 11) as losses vary from 30 to 75% of
nitrogen excreted by animals at this stage “*° Technical measures and innovations
are now available to limit emissions, in particular ammonia inside livestock
housing, during storage and manure application to land. Te chnological treatment
of manure creates possibilities for better management of nitrogen balances by
producing standardised and marketable fertilisers (N and P) or composts that can

be easily exported to other places, especially in cereal specialized areas. Recent
evaluations of the nitrate directive by the French Ministry of Agriculture and the
Ministry of  Environment show that the nitrate contents of surface and
groundwater have  significantly decreased in Brittany, a region with high density
livestock, whereas the nitrate content of groundwater continues to increase in
specialized crop areas even beyond the limit of 50 mg / L.

Figure 11 : Effect of pigm anure management on N emissions
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Source: adapted from Jarvis et al, 2011 39

1.2.3. Ambivalent effects of livestock on biodiversity and soil quality

40 peyraud J.L. , Cellier P., Dupraz P., Aarts F. 2014. Options for the better use of less nitrogen on livestock
farms. Advance in Animal Biosciences 5, special issue 1, 55 -58.

Peyraud J.L., Cel lier P., Aarts F., Béline F., Bockstaller C., Bourblanc M., Delaby L., Dourmad J.Y., Dupraz P.,
Durand P., Faverdin P., Fiorelli J.L., Gaigné C., Kuikman P., Langlais A., Le Goffe P., Lescoat P., Morvan T.,
Nicourt C., Parnaudeau V., Rochette P., Vertes F., Veysset P., Rechauchere, O., Donnars, C. 2014. Nitrogen
flows and livestock  farming: lessons and perspectives. Advance in Animal Biosciences 5, special issue 1,59  -69.

Webb J., Pain B., Bittman S., Morgan J. 2010. The impacts of manure application methods on emissions of
ammonia, nitrous oxide and on crop response -Areview. Agri. Ecosystems, Environ 137 (1 -2), 39 -46.

41 H2020 Feed a gene project, J Van Milgen, coordinator
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The impacts of human activities on global biodiversity is huge 2 particularly

those of food production (Figure 12) 3 Livestock has a role, which can be
positive or negative through local and global levels including agricultural land use

and land use change mobilized locally or remotely for animal feeding and
management  of manures. However t he specific contribution of livestock is
difficult to quantify because the effe ct o n soil fertility and biodiv  ersity are due to
changes at work in the whole of the agricultur al sector . LEAP is trying to tackle
this challenge by provid ing quantitative guidelines for measuring the positive and
negative aspects of liv  estock impacts on biodiversity.

Figure 12 : Impact on biodiversity of different production sectors under a trend
scenario *°

Meanspeciesabundanceg%)

-5 I Food production
" | Wood production
-15 [ Energy and traffic
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recreation and tourism
-35
-45
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Source: Jarvis et al, 2011 39
The role of European livestock on deforestation is hotly debated because

deforestation is a major cause of biodiversity decline, is responsible for neatly
12% of GHG emissions ** (the second biggest cause of climate change after
burning fossil fuels) and imp acts the livelihoods of 25% of t he

population “*. A typical example is the impact of soy cultivation in Brazil . The
dependence of European livestock on American soy dates from the creation of

the Common Agricultural Policy, with the free access of A merican soy in return

42 Gaston K.J., Blackburn T.M., Goldewojk K., 2003. Habitat conversion and global avian biodiversity loss. Proc.
Biol. Sci ., 270, 1293 -1300. https://doi.org/10.1098/rspb.2002 -2303 .

43 Kok M., Alkemade R., Bakkenes M., Boelee E., Christensen V., Van Eerdt M., van der Esch S., Janse J.,

Karlsson -Vinkhuyzen S., Kram T. 2014. How Sectors Can Contr ibute to Sustainable. Use and Conser vation of

Biodiversity. 79. PBL.
4 Smith P et al. 2014. Agriculture, Forestry and Other Land Use (AFOLU). In: Climate Change 2014: Mitigation

of Climate Change. Contribution of Working Group Il to the Fifth Assessment R eport of the Intergovernmental
Panel on Climate Change [Edenhofer O et al (eds.)]. Cambridge University Press, Cambri dge, UK and New York,
NY, USA.

FAO. 2018. The State of t he Fowstpathivdys to Bustainatdet develdhdeht8 Rome.
http://www.fao.org/3/a -i19535en.pdf .

6 Fearnside P.M., 2001. Soybean cultivation as a threat to the environment in Brazil. Environmental
Conservation, 28 (1): 23 -38.

Gibbs H.K., Rausch L., Munger J., Schelly I., Morton D.C., Noojipady P., Soares -Filho B., Barreto P., Micol L.,
Walker N.F. 2015. Brazil's Soy M oratorium. Science, 347 (6220): 377 -378. http://dx.doi.org/10.1126/science.
22a0181 .
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for the protection of our cereal market. Since the Blair House agreements

(1992), the EU must limit its production for oilseed and protein crops. European
livestock sector had to import soybeans first from the US A, then from Brazil and
from Argentina.

9 Over the period 1990 -2008, the EU imported almost 36% of all deforestation
embodied in crop and livestock products traded between regions
(239 million hectares) while 33% of deforestation embodied in crops and 8%
of deforestation embod ied in livestock products were traded internationally. A
more recent evaluation shows that when looking at deforestation embodied in
total final consumption (palm oil, soy, meat, cocoa, maize, timber, rubber) ,
the EU27 is consuming 732 kha (2004) or 10% of the global embodied
deforestation consumption (7,290 kha per year) 8 Deforestation embodied in
EU27 consumption is almost entirely due to imports, as deforestation within
the EU is negligible.  Africa and South and Central Ameri ca are the largest
consumers of deforestation (30% of the global share each), this deforestation
being associated with commodities and products that are produced locally.

a7

1 In line with the EU ambition to identify and promote deforestation free

commodities, the European soy imports are decreasing. The EUb s
consumption of protein  -rich products for livestock in 2016 -17 amounted to
26.6 Mt of crude protein; of this 17Mt were imported, including 13 Mt of
protein from  soybeans, equivalent to an area of 15 million ha. Beyond
reducing quantiti es, supply -chains are also increasingly concerned about the
origin of soy and are seeking soy not linked to deforestation. In 2018 -19,
FEFAC" estimated that 22% of imported soya used in animal feed ha d a high
risk of coming from deforestation and 78% c ame from regions with a low risk
of deforestation (the data are 10 -and 90 respectively when including
European soybean production).
Livestock, especially ruminants , can have a positive impact on
biodiversity and soil carbon via the maintenance of p  ermanent gr assland and
hedges and optimized use of manure . These effects are recognized at European

scale. Permanent grassland area is protected by EU and national legislations and

livestock seems to be concomitant with most of the High Natural Value
agricultural are as, notably in grassland based ruminant systems even if certain

pig farms, horse and buffalo farms may have local importance. Mixed syst ems
are also widely represented ~ *°.

47 European Commission, 2013. The impact of EU consumption on deforestation: Comprehensive analysis of the
impact of EU consumption on deforestation. Study funded by the European Commission, DG ENV, and
undertaken by VITO, IIASA, HIVA and IUCN NL, 348 p.

% European Co mmission 2019. Stepping up EU Action t o Protect and Rest or e
Communication from the Commission to the E uropean Parliament , the Council , the European Economic and

Social Committee and the Committee of the Regions ,22 p

“European Feed Manuf acthigséwwséefakee/der at i on,

0 |EEP, Alterra, Tucker G., Braat L. 2010. Reflecting environmental land use needs into EU policy: Preserving

and enhancing the environmental benefits of " Land services™: Soil sealing, biodiversity corridors,
intensification/marginalisation of land use and permanent grassland. Final report to the European Commission,

DG Environment on Contract ENV.B.1/ETU/2008/0030. Wageningen: Institute for European Envir onmental

Policy; Alterra, 395 p. http://library.wur.nl/WebQuery/wurpubs/fulltext/160020
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1 Important ecosystems services provided by grasslands have been identified
and described °!' and t he value of grasslands thus clearly extends far beyond
their direct economic value for animal production systems °2_ Concerning
biodiversity, about 50% of the endemic plant species of Europe are
dependent on the grassland biotope , 50% of bird species depend on
grassland habitats for food and reproduction > and vegetation also constitutes
habitats for arthropod populations >. Soil under permanent grassland is
characterized by a high level of C and a high biodiversity of invertebrates »
The role of grassland and associated livestock goes beyond this because the
specific richness (gamma) of a heterogeneously managed landscape exceeds
the specific richness (alpha) of the plot. In intensive cereal systems,
grasslands grazed by ruminants have a critical role in shaping the distribution
and abundance of organisms of different trophic levels, including plants, grass
hoppers, small mammals and birds *® Differentiated grassland management at
landscape level leads to temporal heterogeneity, allo wing mobile animal
species to alternatively find shelter and food resources in the different types
of grassland habitats °’.In mixed farming systems, t emporary  grassland
increase s the richness and diversity of habitat and therefore positively
influence s biod iversity at the territorial level 8 notably for bees, arthropods
and birds . In mountain  grassland s are often characterized by greater plant
and animal biodiversity than the wooded and shrubby formations of these
same landscapes *° and grazing allows the control of shrub cover 60,

51 MEA. 2005 Ecosystems and Human Well -being: Current State and Trends, Volume 1. 901 p.

Huguenin -Elie O., Delaby L., Klumpp K., Lemauviel -Lavenant S., Ryschawy J. 2018. The role of grasslands in
biogeochemical cycles and biodiversity conservation. In Improving grassland and pasture management in

temperate agriculture. Edts Marshall A., Collin s R. IBERS Abesystwyth University, UK.

52 National Research Council (2005). Valuing Ecosystem Service: Towards Better Environmental Decision
making . National Academies Press, Washington, DC.

%3 Veen P., Jefferson R., de Smidt J., van der Straaten J. 2009. Grassland in Europe of high nature value. KNNV

Publishing, Zeist (Net herlands), 320 p.
5 Dumont B., Farruggia A., Garel J.P., Bachelard P., Boitier E., Frain M. 2009. How does grazing intensity

influence the diversity of plants and insects in a species -rich upland grassland on basalt soils? Grass Forage
Sci., 64(1), 92 1 105.

% European Soil Data Center, http://eusoils.jrc.ec.europa.eu/esdb_archive/octop/octop download.html
European Commission i Joint Research Centre, Institute for Environment and Sustainability)

Soussana J., Duru M. 2007. Grassland science in Europe facing new challenges: biodiversity and global
environmental change. CAB Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition and Natura
Resources, 272:1 -11.

%6 Bretagnolle V., Gauffre B., Meiss H., Badenhauser |. 2012. The role of grassland areas within arable cropping
systems for the conservation of biodiversity at the regional level. In Grassland productivity and ecosystem
services. In Lemaire G., Hodgson H., Chabbi A. (Edts), CAB International, 251 -260.

5 Sabatier R., Doyen L., Tichit M. 2014. Heterogeneity and the trade -off between ecological and productive
functions of agro -landscap es: A model of cattle -bird interactions in a grassland agroecosystem. Agric. Syst .,
126, 38 i49.

%8 Burel F., Aviron S., Baudry J., Le Féon V., Vasseur C. 2013. The structure and dynamics of agricultural
landscapes as drivers of biodiversity. In: Fu, B.; Jon es, B.K.E., eds. Landscape ecology for sustainable
environment and culture. Springer, 285 -308.

% Koch B., Edwards P.J., Blanckenhorn W.U., Buholzer S., Walter T., Wuest R.O., Hofer G. 2013. Vascular

plants as surrogates of butterfly and grasshopper diversi ty on two Swiss subalpine summer pastures.
Biodiversity and Conservation, 22 (6 -7): 1451 -1465. DOI: http://dx.doi.org/10.1007/s10531 -013-0485 -5.

€ Agreil C., Magda D., Meuret M., Hazard L., Osty P.L. 2010. When sheep and shrub make peace on
rangelands: linking the dynamics of ruminant feeding behavior and dominant shrub responses on rangeland.
Hauppauge: Nova Science Publishers, Inc (Horizons in Ear th Science Research, Vol 1), 383 -401.
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9 Livestock also has effects via hedges and the maintenance of hedgerow
landscapes ( habitats for some  taxa, role of ecological corridor) associated
with grassland .

9 The contribution of livestock manure with a h igh C / N ratios (compost,
manure) has a generally favorable impact on soil organic matter content and
macrofauna (earthworms) . Regular supply of effluent appears to improve saoil

biological functions ' and to have an effect on soil microbial biodiversity

because they are both a source of many nutrients for native soil flora and
they are also complex inoculum 2.

These positive effects are modulated by practice s. In general,
intensification of grassland management negatively affect C sequestration and

the specific floral richness and associated animal biodiversity (insects) in
grassland decreases with the increase in the intensity of their use 3 At the
landscape level, the con version of permanent grassland to arable land remains

the first factor explaining the decrease in the carbon content of soils and
biodiversity losses  in Europe ®*. Drug treatment residues in manures contribute to
affect the soil fauna and can be transferred to water and could contribute to the
dissemination o f antimicrobial resistance ®*. However there is still very little
information and much uncertainty about the soil fate of antibiotic resistance

genes carried in  manure ® and the p otential human health risk . Finally, | iquid
manures do not have the same soil benefits as solid manure and over -application
lead s to soil P accumulation and eutrophi  cation ®'.

1 Cotton D.C.F., Curry J.P. 1980. The effects of cattle and pig slurry fertilizers on earthworms (oligochaeta,
lumbricidae) in grassland managed for silage production. Pedobiologia , 20 (3): 181 -188.

Diacono M., Montemu rro F. 2010. Long -term effects of organic amendments on soil fertility. A review. Agro.
Sustainable Develop., 30 (2): 401 -422. DOI: http://dx.doi.org/10.1051/agro/200904

%2 Bittman S., Forge T.A., Kowal  enko C.G. 2005. Responses of the bacterial and fungal biomass in a grassland
soil to multi  -year applications of dairy manure slurry and fertilizer. Soil Biology Biochem., 37 (4), 613 -623.

Lalande R., Gagnon B., Simard R.R., Cote D., 2000. Soil microbial biomass and enzyme activity following liquid
hog manure application in a long -term field trial. ~ Can. J. Soil Science 80 (2), 263 -269.
8 Sabatier R., Durant D., Hazard L., Lauvie A., Lecrivai n E., Magda D., Martel G., Roche B., de Sainte Marie C.,

Teillard F., Tichit M. 2015. Towards biodiversity -based livestock farming systems: review of evidence and
options for improvement. CAB Reviews, 10 (20): 1  -13.DOI: http://dx.doi.org/10.1079/PAVSNNR201510025

Soussana JF., Lemaire G. 2014. Coupling carbon and nitrogen cycles for environmentally sustainable
intensification of grasslands and crop -livestock systems.  Agr. Ecosyst. Environ ., 190, 91 17.

5 Lal R. 2004. Soil carbon sequestration to mitigate climate change. Geoderma , 123 (1 -2): 1 -22. DOI:
http://dx.doi.org/10.1016/j.geoderma.2004.01.032

% Finley R.L., Collignon P., Larss on D.G.J., McEwen S.A., Li X.Z., Gaze W.H., Reid -Smith R., Timinouni M.,
Graham D.W., Topp E. 2013. The Scourge of Antibiotic Resistance: The Important Role of the Environment.
Clinical Infectious Diseases ,57 (5): 704 -710.

% Ashbolt N.J., Amezquita A., Ba  ckhaus T., Borriello P., Brandt K.K., Collignon P., Coors A., Finley R., Gaze
W.H., Heberer T., Lawrence J.R., Larsson D.G.J., McEwen S.A., Ryan J.J., Schonfeld J., Silley P., Snape J.R.,

Van den Eede C., Topp E. 2013. Human Health Risk Assessment (HHRA) f or Environmental Development and
Transfer of Antibiotic.

5 Houot S., Pons M.N., Pradel M., Aubry C., Augusto L., Barbier R., Benoit P., Brugére H., Casellas M., Chatelet

A., Dabert P., Doussan ., Etrillard C., Fuchs J., Genermont S., Giamberini L., Helias A., Jardé E., Lupton S,
Marron N., Menasseri S., Mollier A., Morel C., Mougin C., Parnaudeau V., Pourcher A.M., Rychen G., Smolders
E., Topp E., Vieublé L., Viguie C., Tibi A., Caillaud M.A., Girard F., Savini |., De Marechal, S., Le Perchec S.

2014. Valorisation des matiéres fertilisantes d'origine résiduaire sur les sols a usage agricole ou
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