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Introduction

Animal production may have adverse effects on many environmental aspects including air and water pollution,
degradation of soil quality, reduction of biodiversity and global climate change. According to FAO (Steinfeld et
al., 2006) about 12% of total emission of greenhouse gas is related to livestock production. This contribution is
even higher (18%) when the deforestation related to the expansion of livestock production area is also
considered. The emission of greenhouse gas in livestock production systems originates mainly from the animals
(enteric fermentations), the manure, and the fields used for the production of feed and forages. This means that
mitigation can be achieved in different ways related to animal feeding and management, manure collection,
storage and spreading, and management of crops for feed production, and also by more drastic changes of the
whole production system.

In this paper, we will first present the respective contributions of the different processes involved in the emission
of greenhouse gas from conventional animal production systems. We will then try to evaluate the variability
existing among production systems. Finally, the effects of different mitigation options will be considered.

Contribution of the different production process to GHG emission in animal farming systems

The relative contributions of enteric fermentation, manure handling and production of forages and feed to total
GHG emission in pig and dairy farm are given in table 1. These data were calculated by life cycle assessment
(LCA). The emission for pig production is for a typical conventional pig farm with good agricultural practices in
Brittany region (France). It was estimated from Basset-Mens and van der Werf (2005). The emission for dairy
production corresponds to the average calculated from 46 farms also from Brittany. It was estimated from Roger
et al (2007). In that calculation global warming potential is determined in kg CO,-equivalent, CO,:1, N,0:310,
CH,4:21 (IPCC, 2006). In LCA the functional units used to express emissions can be either the product or the
land used for production. It is generally recommended to express the emission per unit of product in the case of
global impacts, such as global warming, whereas the emission per ha of land has also to be considered for local
impacts, such as eutrophication. The expression per ha of land may also be of interest when comparing different
productions, such as pork and dairy production.

Table 1. Evaluation of greenhouse gas emissions (eq CO,) in swine and dairy production.

pork production' dairy production”
kg eq CO, % of total kg eq CO, % of total
Per unit product (kg pig, L milk) 2.47 100 0.88 100
Origin
Enteric fermentation 0.08 32 0.35 40.0
Manure handling 0.68 27.6 0.16 18.0
Production of forages and feed 1.67 67.6 0.32 36.0
Others 0.04 1.6 0.05 6.0
Total
Type of gas
CH,4 0.49 19.9 0.46 52.8
N,O 1.03 41.8 0.26 29.2
CO, 0.95 38.3 0.16 17.9
Per ha of land per year 4240 5080

'adpated from Basset-Mens and van der Werf (2005)
*adapted from Roger et al. (2007)

The results shown in table 1 indicate that the average GHG emission per ha of land is slightly higher for dairy
than for pig production. However, the most significant difference between the two production systems relates to
the origin of the GHG. In the case of ruminants most of the GHG production is related to enteric fermentation
(40%), the second most relevant contribution being that related to the production of forages and feeds (36%). In
the case of monogastric animals the production of feed is the major contributor (68%) followed by manure
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handling (28%), with a very limited contribution of enteric fermentation. This results in major differences in the
contribution of the different gases to total emission. Nitrous oxide and CO, are the major contributors for pork
production systems whereas CH, contributes most in the case of dairy production.

The strategy for mitigation in a given system will depend on both the contribution of the different activities,
including animal raising, manure handling and feed production, to total emission, and the possible improvement
within each activity. A marginal improvement of a highly contributing activity might be as efficient as a more
drastic improvement of a modest contributing activity. However this requires information about the variations of
emissions between systems, for instance comparing conventional and organic farming, and between farms in a
given system, in order to identify the possible improvements.

Variability of GHG emission between livestock farming systems

Different estimations of GHG emissions from dairy and pig production systems found in the literature are
reviewed in figure 1. In the case of milk production the values were plotted against the amount of milk produced
per ha, giving an indication of intensity of land use. This was not possible for pig production systems because in
most studies the information about land use was not available.
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Figure 1. Estimation from literature studies of GHG emission in conventional () or organic (o) dairy (6
studies) and pig production (6 studies) systems. From Cederberg and Mattson (2000), Haas et al. (2001),
Cederberg and Flyso (2004), Thomassen et al. (2008), Roger et al., 2007 and Basset-Mens et al. (2007) for dairy
systems, and Basset-Mens and van de Werf (2005), Cederberg, (2002), Dalgaard and Halberg (2005), Blonk et
al. (1997, cited by Basset-Mens and van de Werf, 2005 ), Carlsson-Kanyama (1998).

The estimations of GHG emission are highly variable among studies, between 600 and 1500 kg eq CO, per t
milk, and between 2 and 4 kg eq CO, per kg pig. Part of this variability might be related to differences in
methodology, but it can also be explained by differences in production systems between studies. In the case of
pig production the highest values were found in alternative production systems. This was partly related to the
raising of fattening pigs on straw bedding which increased the emission of N,O from manure and to the lower
productivity of animals and land in these systems (Basset-Mens and van de Werf, 2005). In that study, organic
pig farming resulted in a significantly higher emission of GHG per kg pig produced compared to conventional
production. However when expressed per ha of land used GHG emission was similar for both systems. GHG
emissions from organic and conventional dairy farms were compared in five studies (figure 1). The results
indicate very similar emissions for both systems, with on average 1090 and 1120 kg eq CO, per t milk for the
conventional and the organic production systems, respectively. However, because of a lower milk production per
ha of land for organic farming, its GHG emission per ha was lower (4800 versus 7000 kg eq CO, per ha).
According to the data presented in figure 1 there is no clear relationship between the emission of GHG per t milk
and the intensity of milk production per ha. However, the studies having the highest milk production per ha
present the lowest level of GHG emission per kg milk. For the intermediate range of milk production per ha
there is a large variations in the level of emissions per t milk, suggesting possible improvements for all systems.
In the same way, Basset-Mens and van der Werf (2005) estimated the variability of emissions of GHG in
different pig production systems and suggested that variation within systems was as high as between systems.

Another important point to consider is the uncertainty of the estimation of GHG emissions which may also
contribute to explain differences between studies. Indeed, the information relative to the emission in some
systems is scarce and values are based on a very limited number of studies. For instance, the emission of N,O is
generally not well known, although in some systems the contribution of this gas may be very high. Basset-Mens
et al. (2006) evaluated the uncertainty of GHG emission in different pig production systems using a sensitivity
analysis. According to their results uncertainty was large (> 50%) and originated mainly from the estimation of
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field emissions of N,O and, when the pigs were housed on litter bedding, of emissions of N,O from manure.
This highlights the necessity of improving our knowledge on the factors affecting the emissions of GHG.

Mitigation strategies

The improvement of animal productivity was suggested by FAO (2006) as an efficient way to increase world
production of animal products and meet the increasing world demand, without increasing the use of land or the
emission of GHG. As indicated in table 1 most of the GHG emission is related to the production of feed and its
digestion by animals. Moreover the amount of manure and consequently GHG emissions from manure are also
related to the amount of feed used. The efficiency of conversion of feed to animal products depends on the
relative contributions of maintenance and production to the total requirement. When animal production rate is
low, maintenance contributes more, resulting in more feed required per kg product and consequently in more
emissions. In meat producing animals the efficiency is also affected by the composition of the meat, the amount
of energy required to produce fat being much higher than for lean tissues. In the case of pig production we can
estimate from the results of French farms that, compared to the average performing farms, GHG emission is
reduced or increased by about 7% in the 30% best- and 30% worst-performing farms, respectively. This means
that all the practices, including genetic, nutrition, reproduction or health improvement, that result in the
improvement of feed efficiency are potential ways to reduce GHG emissions per unit of product. But maximal
feed efficiency does not always means maximal production or maximal economic efficiency.

The composition of the feed has been shown to influence enteric fermentation and emission of CH4 from the
rumen or the hindgut. In monogastric animals, although some improvements may be expected, the effect is
limited because of the rather low contribution of enteric CH, to total emissions (less than 5%) and because the
possible variation in diet composition is limited. In ruminants the effect of feed composition is much higher.
Methane emission (as a percentage of energy intake) decreases when feeding level increases or when
digestibility of the ration is improved. Consequently, as indicated by the equations proposed by Giger—Reverdin
et al. (2000), CH,4 production in the rumen decreases when the proportion of concentrate in the ration increases.
The composition of the diet also affects the excretion of N and organic matter, which both will affect the
emission of GHG (N,O and CH,, respectively) during manure storage and spreading. As a consequence,
improving the composition of the diet to decrease N excretion, which is often proposed to reduce eutrophication
(NO3") and acidification (NH3) impacts, might also be of interest for the reduction GHG. In monogastric animals,
the use of synthetic amino acids (SAA) and phase feeding have been shown be very efficient ways to reduce N
excretion (Dourmad and Jondreville, 2007). However to evaluate the real impact of changing the composition of
the diet on GHG emission it is necessary to consider the effects on the whole system. For instance increasing the
incorporation of SAA in pig diets will result in a reduced incorporation of soybean or rapeseed meal and an
increased incorporation of cereals. LCA allows taking all these effects into account (van de Werf et al., 2005). In
this context the impact of three scenarios of feed choice was studied by Strid Eriksson et al. (2005). The
scenarios differed in the origin of the protein fraction, either imported soybean meal, locally produced peas and
rapeseed cake or SAA. GHG emission was the lowest for the pea diet, the highest for the soybean meal diet and
intermediate for the SAA diet. In ruminants the real impact of modifying the diet is even more difficult to assess.
For instance feeding cows on pasture, which tends to increase enteric production of CH, compared to cereals
based diets, induces drastic changes in manure management, most of the excreta being spread by the cows on the
fields, and in mechanisation and use of fertilizers. As a consequence GHG emissions associated to the
management of manure and the production of feed are reduced. This could explain why GHG emissions in
outdoor pasture-based systems (Basset-Mens et al, 2007) in New-Zealand (about 800 kg eq CO, / t milk) are
lower than in indoor cereals based systems (about 1300 kg eq CO2 / t milk) in the Netherlands (Thomassen et
al., 2008), although the opposite was expected when only enteric CH4 was considered.

GHG emission from manure has an important contribution to total emission and offers mitigation opportunities.
GHG emitted from manure are mainly CH4 and N,O. Methane is produced in anaerobic conditions and is the
main GHG emitted from liquid manure. The intensity of production depends mainly on manure organic matter
and on temperature and duration of storage. This means that systems with long term storage of liquid manure
indoors or outdoors at high ambient temperature will result in much higher CH4 emission. The production of
nitrous oxide requires aerobic conditions that can be found in solid manure or during the spreading of liquid
manure, especially on wet soils. Methane may also be emitted from anaerobic zones in solid manure. This means
that, depending on litter management, more CH4 or more N,O will be emitted. Rigolot et al. (2007) estimated
that, compared to liquid slurry, the use of straw or sawdust litter bedding in pig production resulted in 120%
increase of GHG emission from manure. This originated from an increased emission of N,O which was only
partially compensated by a decreased CH, emission. However these results are highly sensitive to the
management of the litter (Hassouna et al., 2005). For instance in litters from ruminants CH, seems to remain the
main contributor to GHG suggesting that conditions are more anaerobic. Consequently, as regard to GHG
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emission it seems that litter-based systems should not recommended, but other dimensions have also to be
considered in that choice, such as animal health and welfare which are generally improved in these systems. For
liquid slurry the main mitigation options are reducing storage duration, especially in hot conditions, the treatment
of manure and improved spreading techniques. In this context a rapid removal of the slurry followed by an
anaerobic digestion appears a very an efficient way to reduce, or even nearly suppress, not controlled CH,
emission during storage. Moreover this process results in the production of renewable energy. In the case of
ruminants, raising the animals on pasture is an efficient way to reduce CH4 emission from manure, because
storage is suppressed.

Implications

Greenhouse gas emission in animal production is highly variable between and even more, within production
systems. This is not surprising, because this criterion has never been considered in the optimisation, or the
management, of animal production systems. Many mitigation strategies have been identified and are already
available. New technologies can also be expected in the future. In this context it seems important to develop on-
farm evaluation tools, based on farm modelling, to assist decision. More research is also needed to better
evaluate the emission of GHG, especially N,O, in alternative production system.
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