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ABSTRACT

The livestock activity is linked to processes
with environmental repercussions. Methane
(CH,) and nitrous oxide (N,O) are two impor-
tant greenhouse gases (GHG) emitted into the
atmosphere by livestock during the processes
of enteric fermentation and excreta mana-
gement, which contribute to global warming.
The objective of this paper was to review the
amount of GHG emitted (kg CO,e) per kg of
product generated from the main ruminant
species (sheep, goats, buffaloes and bovines)
used in tropical areas, under grazing condi-
tions. For small ruminants, according to pre-
vious researches, emission intensities (EI)
for meat was between 25 - 49.5 kg CO,e and
for milk was within 5.5 and 11.2 kg CO,e; for
buffaloes, EI was among 2.5 - 5.8 kg CO,e
/ kg FPCM and 21 - 70 kg CO,e / kg CW; for
meat cattle, EI was amid 21- 76 kg CO,e; and
for dairy cattle, EI was betwixt 2 — 9 kg CO,e.
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The differences found between the regional
averages and the data for the same area of a
country, can be due to different factors such
as the quality of the pastures, level of intensi-
fication of the systems and climatic conditions.

Keywords: carbon footprint, emissions inten-
sity, global warming, methane, nitrous oxide,
ruminants.

RESUMEN

La actividad ganadera esta vinculada a pro-
cesos con repercusiones medioambientales.
El metano (CH,) y el éxido nitroso (N,O) son
dos gases de efecto invernadero (GEI) impor-
tantes emitidos a la atmdsfera por el ganado
durante los procesos de fermentacion entéri-
ca y manejo de excretas, que contribuyen al
calentamiento global. El objetivo de este tra-
bajo fue revisar la cantidad de GEI emitida
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(kg CO,e) por kg de producto generado a partir
de las principales especies de rumiantes (ove-
jas, cabras, bufalos y bovinos) utilizados en
areas tropicales, bajo condiciones de pastoreo.
Para los pequenos rumiantes, segun investiga-
ciones anteriores, las intensidades de emisidn
(IE) para la carne estaban entre 25 y 49.5 kg
CO.,e y para la leche entre 5.5y 11.2 kg CO,g;
para los bufalos, la IE estaba entre 2.5 - 5.8 kg
CO,e / kg leche y 21 - 70 kg CO,e / kg carne;
para el ganado de carne, la IE estaba entre

INTRODUCTION

Livestock production is the largest user of agri-
cultural lands worldwide, a fact that carries a
significant imprint on the natural resources in
which it sustains its activity (FAO, 2015). Li-
vestock uses 30% of the non-frozen land sur-
face for grazing, and 33% of the world agricul-
tural area is dedicated to producing food for
these animals (FAO, 2006). In terms of water
resources, 32% of freshwater is used to pro-
vide direct livelihood and economic benefits to
at least 1.3 billion producers and retailers (He-
rrero, Thornton, Gerber & Reid, 2009; Thorn-
ton, 2010).

Between 2000 and 2013, the livestock inven-
tory grew; small ruminants such as sheep and
goats grew by 10 and 33%, respectively; for
their part, cattle grew by 14% and buffaloes
by 21% (FAO, 2015). Likewise, global con-
sumption per capita of products derived from
livestock activity has more than doubled in the
last 40 years (FAO, 2015) and it is estimated
that due to the growth of the world population,
the trend of better income and urbanization
will remain in developing countries (Herrero et
al., 2016).

Although the productivity per animal (kg/
animal/day) and the crops (t/ha/year) has

21- 76 kg CO.e; y para el ganado lechero, la
IE fue de 2 a 9 kg de CO,e. Las diferencias en-
contradas entre los promedios regionales y los
datos para una misma area de un pais pueden
deberse a diferentes factores, como la calidad
de los pastos, el nivel de intensificacion de los
sistemas y las condiciones climaticas.

Palabras clave: calentamiento global, huella
de carbono, intensidad de emisidon, metano,
oxido nitroso, rumiantes.

intensified in many regions of the world, the
expansion of the agricultural frontier has also
played a preponderant role in the increase
of production, mainly in places in Africa and
Latin America. If these trends continue, they
could lead to significant increases in biodiver-
sity loss, greenhouse gas emissions and other
environmental impacts (Herrero et al., 2016).

In terms of greenhouse gas (GHG) emissions,
livestock is an important source in the world,
generating carbon dioxide (CO,), methane
(CH,) and nitrous oxide (N,O) throughout the
production process. This activity contributes
directly through respiration (CO,), enteric fer-
mentation (CH,) and manure (CH, and N,O),
and indirectly through activities developed
during food production (fertilization (N,O) of
crops) and conversion of forests in grasslands
(CO,) (Hristov et al., 2007). It is estimated that
the livestock sector contributes with 14.5% of
global anthropogenic emissions, where meat
and milk represent 41% and 21%, respectively
(Gerber et al., 2013).

The tropics dominate the scenario of livestock
activity, in terms of the number of animals,
total production and number of beneficiaries
(producers and consumers) (Oosting, Udo, &
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Viets, 2014). Due to its larger inventory, the
contribution to greenhouse gas emissions is
very relevant worldwide, a fact that has arou-
sed the interest of scientists and decision
makers in recent years (Herrero et al., 2011).

Therefore, this article has as main objective
to review the contribution of livestock (cattle,
buffalo, goats and sheep) in grazing under tro-
pical conditions on greenhouse gas emissions
(CO,, CH, and N,0O). Throughout the paper the-
re will be a brief description about ruminants,
what the production process of these gases
are, how the livestock activity in pasture is
and finally, results found on GHG and EI.

RUMINANTS

Herbivores can be classified into two groups,
monogastric and polygastric. The first ones
(equines, rabbits and elephants) have only
one stomach that does not offer conditions
for fermentative digestion. In these species,
the fermentation chamber is found in the
caecum and in the colon, very well develo-
ped organs. The second group have more
than one stomach. Polygastric in turn can be
classified into Pseudo ruminates and Rumi-
nants. The first ones have two pre-stomachs
(reticulum and rumen) and a true stomach
(@abomasum), in this group there are llamas,
camels, alpacas and vicufias. While, rumi-
nants have three pre-stomachs (reticulum,
rumen and omasum) and a true stomach
(abomasum), in this group are cattle, sheep,
goats, buffaloes, deer, reindeer, giraffes, elk
and antelopes (Membrive, 2016). The word
Ruminate comes from Latin Ruminare, which
means "to chew again".

Ruminants have the ability to obtain their nu-
trients from plants rich in lignin and cellulose,
through the action of specialized microorga-
nisms found in their four compartments. The
process begins with the chewing and salivation
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of the vegetable mass ingested. This bolus
passes to the great rumen, where the mus-
cular action agitates it and mixes it with the
microorganisms, there begins the fermenta-
tion of the food. The animal then regurgitates
this material, chews again, swallows again and
so on. This repeated process creates a larger
surface area for microorganisms, which conti-
nue to digest the food and extract its nutrients
(Garnett et al., 2017).

When microorganisms break down and digest
carbohydrates, they generate fatty acids, nu-
trients that the ruminant can absorb into their
blood through the walls of the rumen (Garnett
et al., 2017). Ruminants obtain between 50
and 70% of their energy from the fatty acids
produced in the rumen (Membrive, 2016). Du-
ring this metabolic process, hydrogen is pro-
duced, which is later incorporated into metha-
ne (CH,) that ruminants burp - this is enteric
fermentation (Garnett et al., 2017).

The advantage of this metabolic process is that
ruminants can digest fibrous material with a
high content of structural carbohydrates, such
as grass, husks, stems, among others, which
monogastric ones such as pigs, chickens and
the same people can not digest. The disadvan-
tage is that methane emissions are generated
throughout the process.

Greenhouse gases emitted by ruminants
Ruminants contribute with three greenhouse
gases, CO,, CH, and N,O. Due to this paper
focuses on livestock under grazing conditions,
the CO, emitted by the animals is not consi-
dered as it would be counteracted by the CO,
that is captured by the pastures in the pro-
cess of photosynthesis and that is released in
the form of O,. Then, the contribution will be
in three ways: enteric methane and methane
and nitrous oxide from the handling of excreta
(IPCC, 2006).
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Enteric methane is produced by fermenting
the food within the digestive system of ani-
mals (rumen-reticulum). In this digestive pro-
cess carbohydrates are broken by microorga-
nisms and converted into simple molecules
(for example, volatile fatty acids) in order to
be absorbed by the bloodstream through the
walls of the rumen. During this metabolic pro-
cess, hydrogen is produced, which is readily
incorporated into methane. The amount of
CH, released depends on the type of digestive
tract, age, weight of the animal and the quality
and quantity of food consumed. Generally, the
higher is the consumption of food, the greater
is the emission of methane. The most relevant
aspect in methanogenesis is the ratio of acetic
acid: propionic acid. 90% of methane produc-
tion originates in the reticulum-rumen and the
remaining 10% is produced in the posterior
digestive tract, which is mostly absorbed into
the blood, transported to the lungs and expe-
lled through the nose, during breathing. The
methane produced in the rumen is eliminated,
through the mouth and nose, through belching
and breathing (IPCC, 2006).

Methane from excreta (feces and urine) occurs
during storage and treatment and the CH, that
is deposited on the pastures. The amount of
CH, emitted depends on the amount of ex-
creta produced (production rate and number
of animals) and the portion of excreta that is
decomposed anaerobically (handling). When
excreta are handled in liquid form (lagoons,
ponds, tanks, wells), it decomposes anaero-
bically and can produce significant amounts
of CH, (temperature, storage and time affect
production). When the excreta is handled in
solid (piles) or when they are deposited on
the pastures, these tend to decompose under
more aerobic conditions and less CH, is produ-
ced (IPCC, 2006).

N,O emissions from excreta occur in two
ways: i) the direct route occurs through a
combination of nitrification and denitrifica-
tion of the nitrogen contained in the excreta.
Emissions depend on the nitrogen and car-
bon content of the excreta, and the dura-
tion of storage and its treatment. In sum-
mary, the production and emission of N,O
from the excreta handled requires the pre-
sence of nitrites or nitrates in an anaerobic
environment preceded by aerobic conditions
necessary for the formation of these oxidi-
zed forms of nitrogen; ii) The indirect way is
the result of the losses of volatile nitrogen
that occurs mainly in the form of ammonia
and NOx. The fraction of excreted organic
nitrogen that is mineralized in ammoniacal
nitrogen during manure collection and stora-
ge depends mainly on time and, to a lesser
degree, on temperature. The simple forms
of organic nitrogen such as urea (mammals)
and uric acid (poultry) are rapidly minerali-
zed to ammoniacal nitrogen, which is highly
volatile and diffuses easily into the surroun-
ding air (IPCC, 2006).

The main source of GHG emissions in ruminant
production is CH, from enteric fermentation,
which represents around 47% of the sector's
emissions and more than 90% of the total
methane emissions. The N,O emissions from
food production and N deposited during gra-
zing (feces and urine) account for 24% of GHG
emissions from the sector (Opio et al., 2013).

Cattle are the main contributor of GHG (65%)
of the livestock sector globally, while pigs,
chickens, buffaloes and small ruminants have
lower levels of emission, each one represents
between 7 and 10% of the total emissions of
the sector (Gerber et al., 2013).
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LIVESTOCK SYSTEMS IN THE TROPICS
Livestock represents 30% of the agricultu-
ral surface through the direct use of pastu-
res and the crops for their feeding (Herrero et
al., 2013). Although, a small proportion of the
grassland is dedicated to the intensive produc-
tion of ruminants, 80% of these are associa-
ted with extensive grazing systems. These are
found predominantly in areas of low rainfall,
both in temperate and tropical regions and of-
ten in developing countries (Roxburgh & Prat-
ley, 2015).

The tropics dominate the global scenario of this
activity, in terms of the number of animals,
total production and number of beneficiaries,
when compared to the livestock production of
the western world (Oosting et al., 2014).

Livestock feeding in the tropics generally de-
pends on low quality forages, often deficient
in nitrogen and digestible energy, which limits
animal productivity and increases greenhouse
gas emissions (Chaokaur, Nishida, Phaowphai-
sal & Sommart, 2015). Pastures with high le-
vels of fiber negatively affect the degradability
of the vegetal material at the ruminal level,
which has a direct effect on the increase of
the excretion of nutrients and on the enteric
emissions of CH4. Additionally, the low quali-
ty of the pastures affects the assimilation of
the nitrogen contributed in the diet, therefore,
the losses of this mineral are greater through
urine and manure (Molina, Sanchez, Campos,
Atzori, & Morales, 2017).

Livestock can be raised in different systems,
and these can be classified according to the
extension in which livestock is associated with
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crops, type of animal, food source and agro-
ecological zone, among others. However (Seré
and Steinfield, 1996), for ease have classified
the production systems in three main catego-
ries:

Mixed crop-livestock systems: They are
those in which less than 90% of the dry matter
of the food for the animals comes from pastu-
res; the rest can come from crop byproducts,
crop residues, woody crops and grains. From
the economic component, more than 10% of
the total value of production comes from acti-
vities not related to livestock.

Landless systems: Systems in which less
than 10% of the dry matter of the food offe-
red to the animals is produced on the farm.
The food offered is commercial, a mixture of
cereals and oilseeds.

Grazing systems: In these systems, more
than 90% of the dry matter of the food offered
to the animals comes from the pastures. The
other 10% of the diet can come from supple-
mentation (hay, molasses and other supple-
ments). From the economic component, less
than 10% of the total value of production co-
mes from activities not related to livestock.

It is widely recognized that an increase in GHG
concentrations in the atmosphere can cau-
se global warming. This effect can have an
impact on the production and quality of the
crops, even more, for livestock systems under
grazing and mixed conditions. In figure 1, we
can observe the feedback process that arises
between livestock activity, crops (including
pastures), GHG emissions and global warming.
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Figure 1. Causal diagram showing the reinforcement feedback loop that is formed

between global warming, crops and livestock.

For understang figure 1, the convention for
drawing a causal loop diagram is simple,
consisting of a set of variables connected by
arrows denoting the causal influence. The
arrow always part of the independent variable
(A) to the dependent variable (B). Each arrow
is assigned a polarity (+/-) indicating the varia-
ble B changes as a function of the variable A
(all other variables assumed constant). If the
sign is +, the two variables move in the same
direction; if the sign is -, the two variables
move in opposite directions. In some cases,
where the variable part of the causal arrow
can become site arrival of a causal link, giving
rise to a feedback loop. These loops are also
assigned polarity. If the number of negative
causal relationships is even, the loop is rein-
forcing (R / +), otherwise it will balance (B / -).
Balance loops seek to regulate the system, re-
inforcing loops promote the growth or decline
of the same (Molina, Sanchez, & Atzori, 2018).

METHODSTOESTIMATE THEGREENHOUSE
GASES PRODUCED BY LIVESTOCK

Estimating the environmental impact of a
human activity is complex, since there is a

variety of interrelationships between the in-
frastructure, the surrounding environment
and the chemical and biological processes
that regulate. There are special difficulties
when estimating the environmental impact of
agricultural systems, since agriculture is both
a great source and at the same time a sink
for pollutants or substances for the environ-
ment. In addition, there is a wide variety of
farming systems and techniques for measu-
ring nutrients or gas emissions are often too
sophisticated to be used in commercial farms
(Pirlo & Caré, 2013). Although there is clear
evidence that agriculture plays a minor role
compared to the energy sector of developed
countries, there is great concern about gre-
enhouse gas emissions from livestock (Stein-
feld et al., 2006).

Greenhouse gases are the gaseous compo-
nents of the atmosphere, both natural and
anthropogenic, that absorb and emit radiation
at certain wavelengths of the infrared radiation
spectrum (IPCC, 2001). The modification in
the composition of gases (water vapor, carbon
dioxide, nitrous oxide, methane and ozone) in
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the atmosphere has led to climatic alterations
in relation to its historical behavior, known as
Climate Change (Gerber et |., 2013).

Depending on the approaches used and the
coverage of emissions, estimates from va-
rious sources (IPCC, FAO, EPA, among others)
account that livestock contributes to global
anthropogenic emissions between 7 and 18%
(Hristov et al., 2013).

The Intergovernmental Panel on Climate
Change (IPCC) developed the concept of glo-
bal warming potential (GWP) to compare the
ability of each GHG to trap heat in the atmos-
phere relative to other gases. The GWP of a
GHG is defined as the ratio in time between
the integrated radiative forcing and the instan-
taneous release of 1 kg of the trace substance
in relation to that of 1 kg of a reference gas.
The reference gas used is CO,, therefore, the
weighted emissions of GWP are measured in
CO, equivalent (IPCC, 2006). The transforma-
tion of GHG to CO,e is done using the equi-
valences proposed by the IPCC (IPCC, 2007),
where 1 kg CO, = 1 kg CO,e; 1 kg CH, = 25 kg
CO,e and 1 kg N,O = 298 kg CO,e.

The total amount of GHGs emitted by an orga-
nization, activity, product, service or person is
known as a carbon footprint (Rotz, Montes, &
Chianese, 2010). The objective of this footprint
is to compare the environmental performance
of two or more production systems in order
to explore the possibilities of reducing emis-
sions. This footprint can also be used as an
indicator of progress at the farm and regional
level in the efficient use of natural resources
(Pirlo & Caré, 2013). Generally, this footprint is
expressed in kilograms or tons of CO,e. When
this amount of gases emitted we dilute them
by the amount of product generated, we speak
of emission intensity (EI), which is expressed
in kg CO,e / kg of product.
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Among the methodologies used to estimate
GHG emissions from livestock, stand out the
proposal by the IPCC, which estimates the
emissions of methane (enteric and excre-
ta) and nitrous oxide (excreta management)
within the production system (IPCC, 2006);
and the life cycle analysis method, which in-
cludes additional sources in the supply chain,
from product conception to retail, emis-
sions arise from food production and animal
husbandry as well as from processing and
transport of livestock products to the market
(FAO, 2010).

EMISSIONS OF THE RUMINANTS

GHG emissions from small ruminants

The production systems of small ruminants
(sheep and goats) are important because they
can be developed in areas with difficult lands-
capes where other activities could not be ca-
rried out, and the products generated by them
(milk and meat) are an invaluable source of
protein (Zervas & Tsiplakou, 2012). Sheep and
goats represent 56% of the world population
of domestic ruminants (Marino et al., 2016).
According to (Steinfeld et al. 2006), the stock
of sheep and goats in developing countries re-
presents 76% of the world population.

At a global level, small ruminants contribute
6.5% of GHG emissions in the livestock sector,
of which 62% is attributed to meat produc-
tion and 27% to milk production (Marino et al.,
2016). With 428.8 million tons of CO,e emitted,
59% is attributed to the production of sheep
while the rest is attributed to the production
of goats (Opio et al., 2013). Above 55% of the
emissions of small ruminants (milk and meat)
is attributed to enteric fermentation, 35% is
assigned to food production, while emissions
from excreta management are very low, be-
cause the animals deposit their feces on the
pastures (Gerber et al., 2013).
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On average, the EI of small ruminates dedi-
cated to milk production is 6.5 kg of CO,e /
kg FPCM (milk corrected for its fat and protein
content to a standard of 4.0 percent fat and 3.3
percent protein. This is a standard used for com-
paring milk with different fat and protein con-
tents. It is a means of evaluating milk produc-
tion of different dairy animals and breeds on a
common basis), 5.2 kg CO,e for goats and 8.4
kg CO,e for sheep. This difference is due to the
greater production of milk by goats. In terms of
meat production, EI are very similar, 24 kg CO,e
/ kg CW (carcass weight) for sheep and 23.5 kg

CO,e / kg CW for goats (Opio et al., 2013).

In terms of production systems, small rumi-
nants have higher EI, both in milk and meat, in
grazing systems than in mixed systems (7.6 vs
6.6 kg CO,e / kg FPCM and 24 vs 23.2 kg CO,e
/ kg CW) (Opio et al., 2013).

Table 1 shown average emission intensity (kg
CO,e / kg product) and contribution of CH,
and N,O from this EI for tropical areas of Latin
America and Africa (Zhu, Kros, Lesschen, Sta-
ritsky, & de Vries, 2016).

Table 1. Average emission intensity (EI) for tropical areas

of Latin America and Africa.

Latin America

Africa

Sheep and Goat
(meat)

EI (kg CO,e) 49.55 (CV: 0.16)

CH, (%) 59.6 58.8

N,O (%) 38.5 39.3

Comparing these values with the global ave-
rage, the emissions generated in meat pro-
duction systems in LA and Africa, on average,
are 70% higher, and for those generated by
systems dedicated to milk production are abo-
ve 4.5%. This difference can be attributed to
the quality of the tropical pastures with higher
amounts of structural carbohydrates, higher
slaughter ages of the animals and lower milk
yields (Gerber et al., 2013; Opio et al., 2013).

(Opio et al. 2013) found in South Asia, East
and North Africa and Latin America, EI 29,
27.9 and 25.5 kg CO,e, respectively, for meat
production. The same author found for milk
production systems, EI between 9.3 and 11.2
kg CO,e for the East and North Africa, and
between 5.5 and 9.6 kg CO,e for Latin Ame-
rica and the Caribbean (LAC). (Gerber et al.

Sheep and Goat
(milk)

7.63 (CV: 0.17)

Sheep and Goat
(meat)

Sheep and Goat
(milk)

32.32 (CV: 0.19) 6.59 (CV: 0.19)

63.5 63.7

36.16 36.1

2013) found for sub-Saharan Africa and East
and North Africa, EI 8.7 and 6.9 kg CO,e / kg
FPCM, respectively. The difference between
EI (meat) found by these authors in referen-
ce to the overall general average was lower
than that found by (Zhu et al. 2016), showing
increases of 7%, 17.5% and 22% for LA, East
and North Africa and South Asia, respectively.
However, for systems dedicated to milk pro-
duction, the increase with respect to the glo-
bal average was greater, finding differences
of 11% (LAC), 27% (Sub-Saharan Africa) and
50.7% (East and North Africa).

GHG emissions from Buffaloes

Buffaloes are present in all parts of the world,
however their largest population is found in
developing countries, mainly in the continents
of Asia and Africa, where the meat and milk of
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these animals play an important role in fee-
ding of the local populations (Cawthorn & Hoff-
man, 2014).

Between 2000 and 2013, the population of
buffaloes grew by 21.7%, from 164,114,000
to 199,784,000 heads of animals (FAO, 2015).
Only South Asia produces 90% and 70% of
world milk and meat, respectively (Opio et
al., 2013). This productive activity contributes
with 0.6 GtCO,e annual (Herrero et al., 2016).

Enteric fermentation remains the most impor-
tant source of emission, with contributions abo-
ve 60% of all emissions, both for milk and for
meat production (Opio et al, 2013). This enteric
CH, is a byproduct of fiber hydrolysis and fer-
mentation processes that take place in the four
stomachs of ruminants, which allows animals
to obtain fatty acids and proteins from forages
(Pirlo, Terzano, Pacelli, Abeni, & Care, 2014).

On average, the EI for the buffalo cattle activi-
ty at a global level is 3.4 kg CO,e for milk and
53.4 CO,e for meat (Opio et al., 2013). In terms
of production systems, EI for grazing systems
and mixed systems is very similar, 3.4 and 3.2
kg CO,e / kg FPCM, respectively. However, for
systems dedicated to meat production, this EI
is broader, presenting values of 36.7 kg CO,e
for grazing systems and 54 kg CO,e in mixed
systems (Opio et al., 2013).

In tropical areas of Asia and Africa, EI for milk
production varied between 2.5 and 5.8 kg
CO,e. Regarding systems dedicated to meat
production, EI had a wider range, between 21
kg CO,e in East and North Africa and 70.2 kg
CO,e in South Asia (Gerber et al., 2013; Opio et
al., 2013; Garg, Phondba, Sherasia, & Makkar,
2016). The differences found in the emissions
per kg of product may be due to the quality of
the food offered to the animals (forages with
higher fiber content), different management

Revista de Investigacion Agraria y Ambiental. Bogotd - Colombia, Vol. 10 No. 1: 91-106, enero - junio 2019 ISSN: 21456097

Vol. 10 No. 1 | Enero - junio de 2019

systems and climatic conditions for each loca-
lity (Gerber et al., 2013).

GHG emissions from meat cattle

Meat has become an important source of pro-
tein in the diet of human beings, especially
in industrialized countries. About 58% of the
protein included in the diet of the countries co-
mes from livestock products, of which about
12% is meat (FAOSTAT, 2017). World demand
for meat is expected to increase sharply due
to the exponential growth of the human po-
pulation, better incomes and increased ur-
banization, especially in developing countries
(Alexandratos & Bruinsma, 2012).

The population of cattle has reached appro-
ximately an inventory of 1,500 million heads,
achieving an increase of 14.6% from the year
2000 to 2013 (FAo, 2015). The production of
beef cattle has increased in the last three de-
cades almost 40% throughout the world, with
America being one of the regions that led this
development (FAOSTAT, 2017).

Cattle dedicated to meat production contribu-
te 2.5 Gt of CO,e per year, equivalent to 41%
of total emissions from the livestock sector
[8]. The largest GHG emissions are produced
in Latin America and the Caribbean with more
than 800 million tons per year, followed by
North America, East and Southeast Asia and
South Asia with 400, 380 and 280 million tons
per year, respectively (Gerber et al., 2013).

Regarding the emission intensity of meat, the
overall average is 46.2 kg CO,e / kg CW, of
which more than 42% is attributed to enteric
fermentation, the rest is shared between the
handling of excreta, fertilization and land use
change (Opio et al., 2013).

For the type of systems in which the activity
is managed, the EI varies from 42 kg CO,e /
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kg CW in grazing systems to 38.4 kg CO,e / kg
CW in mixed systems. This difference between
systems can be due to several factors, among
which are time of slaugther, age of calving and
better quality of food (Opio et al., 2013).

In developing countries, EI systems dedicated
to meat production have the highest values
(Caro et al.,, 2016; Gerber et al., 2013; Patra,
2014). In the last four decades, emissions from

these countries almost doubled, going from
663.95 million t CO,e in 1961 to 1286.60 million
t CO,e in 2010; while the emission per ton of
meat was reduced, from 75.37 t CO,e / t pro-
duct in 1961 to 35.48 t CO,e / t product in 2010
(Caro, Davis, Bastianoni, & Caldeira, 2014).

Figure 2, is shown in descending order, the
highest emissions per kg of product, on ave-
rage, in different regions (Gerber et al., 2013).

Figure 2. Emissions of CO,e per kg of product in different tropical regions.

However, studies conducted in countries in
these regions show emission intensities lower
than their averages, for example the case of
(Rivera, Guereca, & Rubio, 2016), who found
EI of 21 kg CO,e / kg CW in the state of Vera-
cruz - Mexico; (Dick, Abreu, & Dewes, 2015)
found in Brazil, EI of 22.52 kg CO,e / kg CW
in systems based on natural pastures; (Maz-
zetto, Feigl, Schils, & Cerri, 2015) obtained for
the north of Brazil, EI in extensive and semi-
extensive systems of 49 and 48 kg CO,e / kg
CW, respectively. The differences found bet-
ween the regional averages and the point data
for an area of a country can be mainly due
to the quality, quantity and level of detail of
the information used for the estimate (Molina
et al., 2017). On the other hand, the differen-
ces found between the EI of the same country

or between countries, may be due to the di-
fferent qualities of the pastures offered to the
animals, ages at slaughter, level of intensifica-
tion, climatic conditions, among others (Ger-
ber et al., 2013; Opio et al., 2013).

GHG emissions from dairy cattle

The demand for dairy products in developing
countries is directly proportional to the dyna-
mics of its population, however the producti-
vity of the animals (1300 - 5000 kg / milk /
cow / year) has remained stable, a fact that
has promoted the increase in livestock inven-
tory to meet this need, opposite case in deve-
loped countries where productivity per animal
has grown steadily in the last 30 years and the
stock of livestock has decreased (Alexandratos
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& Bruinsma, 2012; Lehrman et al., 2014; Wolf
et al., 2016).

Of the proportion of GHG (14.5%) of anthropo-
genic origin that contributes the livestock, 21%
is attributed to the bovines dedicated to the
production of milk. At a global level, the emis-
sion intensity for dairy cattle is 2.8 kg CO.,e
/ kg of FPCM (Gerber et al., 2013). However,
emissions per unit of product generated vary
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widely between regions, with a range between
2 and 9 kg CO,e (Opio et al., 2013). This range
of values differs widely with those reported for
beef cattle. The difference between the com-
ponents of the carbon footprint for dairy cattle
and beef cattle can be seen in Figure 3, where
methane produced in enteric fermentation re-
mains the largest contributor with more than
40% of the total, for both types of cattle.

Figure 3. Breakdown of global greenhouse gas emissions attributable

to cattle milk and meat by emissions source and gas type (Gerber et al. 2013)

Regarding the type of system, the average EI
for grazing systems was 2.9 kg CO,e / kg FPCM
compared to 2.5 kg CO,e / kg FPCM for mixed
systems. This difference between systems can
be explained by several factors such as age at
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first calving, quality of food and management
(Opio et al., 2013).

Table 2 show average emission intensities for
different tropical regions by different authors.
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Table 2. Emission intensities (kg CO,e / kg FPCM) for different tropical regions

Area

Sub-Saharan Africa

South Asia

Near East and North Africa
Sub-Saharan Africa

South Asia

Near East and North Africa

LAC

However, studies conducted in countries in
these regions show EI lower than their ave-
rages, as for example in Kenya, (Weiler, Udo,
Viets, Crane, & De Boer, 2014) found EI of 2 kg
CO.,e / kg FPCM; (FAO & New Zealand Agricul-
tural Greenhouse Gas Research Center, 2017),
found average EI of 7.1, 2.1 and 4.1 kg CO.,e
/ kg FPCM for extensive, intensive and semi-
intensive management systems, respectively.
(Molina et al., 2017) found for the department
of Valle del Cauca - Colombia, EI between 5
and 6.3 kg CO,e / kg FPCM, for grazing sys-
tems. (Gaitan, Laderach, Graefe, Rao, & van
der Hoek, 2016) reported for the department
of Matagalpa - Nicaragua, average EI of 2.4
kg CO,e / kg FPCM, of which between 53-67%
are attributed to enteric fermentation, 13-17%
nitrous oxide of the excreta and 8-15% of the
fertilization. The differences found in the EI
between regions, countries and within coun-
tries can be explained by the levels of inten-
sification of the herds, productivity per animal
(EI are inversely proportional to productivity),
quality of the food offered to the animals, cli-
mate, among other.

MITIGATION OPPORTUNITIES

The mitigation potential of the livestock sec-
tor could represent up to 50% of the global
mitigation potential of the agriculture, fores-
try and land-use sector (Herrero et al., 2016).

kg CO,e / kg FPCM Reference
7.5 [8]
4.6 [8]
3.7 (8]
9 [14]
5.3 [14]
4.3 [14]
3.9 [14]

There are technologies and practices that help
reduce greenhouse gas emissions by livestock
but that unfortunately are not widely used.
The emissions per unit of animal product vary
widely among production systems, even loca-
ted in the same areas, a fact that could be
explained by the different livestock practices
used.

Among the practices and technologies that
can be used to reduce emissions are:

1. Genetic selection of animals (Forabosco,
Chitchyan, & Mantovani; 2017; Gerber et
al., 2013; Hristov et al., 2013):

e Better feed conversions (kg product ge-
nerated / kg DM intaked)

e More efficient in the use of the natural
resources they use

e Better reproductive parameters (fertili-
ty, age at first calving, calving interval)

e Better animal health and reduced mor-
tality and morbidity are expected to
increase herd productivity and reduce
GHG emission intensity in all livestock
production systems

2. Reduction of herd size would increase feed
availability and productivity of individual
animals and the total herd, thus lowering
CH, emission intensity (Hristov et al., 2013).
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3. Use of highly digestible forages. Increasing
forage digestibility and digestible forage
intake will generally reduce GHG emis-
sions from rumen fermentation, when sca-
led per unit of animal product (Hristov et
al., 2013). This aspect is important, mainly
where the quantities of lignin are high due
to the incorrect agronomic management
of their pastures. When forage digestibi-
lity increases, enteric fermentation and
feces production decrease, resulting in re-
ductions in CH, and N,O (Forabosco et al.,
2017; Gerber et al., 2013).

4. Use of feed additives. Several chemical
compounds, such as alternative electron
receptors, ionophoric antibiotics, enzymes
and probiotic cultures, have been tested
for their ability to decrease CH, emissions,
mainly in short-term; their effects are of-
ten much reduced in the long term due to
adaptation of the rumen microbial ecosys-
tem (Herrero et al., 2016).

5. Silvoparil systems as an alternative to achie-
ve GHG decreases per unit of product gene-
rated. The inclusion of shrubs such as Leu-
caena leucocephala and Tithonia diversifolia
for animal feed, optimization in fertilization
(reduction in the use of chemical fertilizers),
balance of the diet that decreases the ex-
cretion of nitrogen. On the other hand, the
implementation of agroforestry systems
creates a microclimate in paddocks that
allows animals to mitigate the heat stress
caused by high temperatures due to clima-
te change (Lerner, Zuluaga, Char3a, Etter, &
Searchinger, 2017).

6. Soil carbon sequestration. Grazing-land
management practices that affect spe-
cies composition, forage consumption, nu-
trient and water inputs and fire can impact
soil carbon stocks. Excessive removal of
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aboveground biomass, continuous grazing
at suboptimal stocking rates and other poor
grazing management practices that result
in @ mismatch between forage supply and
animal demands have led to the depletion
of soil carbon stocks (Herrero et al., 2016).

CONCLUSIONS

The review carried out on the contribution of
greenhouse gases (CH, and N,O) emitted by
livestock (sheep, goats, cattle and buffalo)
practiced in tropical areas indicates that the
emission intensities vary between medium and
high, due to low productivity of animals, poor
quality of food and lack of knowledge about
appropriate technologies for the zone. The di-
fferences found in EI between regions, coun-
tries within the same region and places within
the same country, are indicative that reducing
GHG production by livestock is possible.

IPCC and LCA methodologies are important
tools used to estimate GHG emissions from li-
vestock, providing an important starting point
to calculate its contribution and understanding
the sector’s potential for mitigating emissions;
however, is very important including soil car-
bon sequestration in this tools, especially in
farming systems where grasslands are a subs-
tantial resource for animal feeding with high
potentials of carbon sequestration.

Livestock in tropical areas is associated with
extensive systems generating large amou-
nts of greenhouse gases, therefore, a shift
towards more intensive management, impro-
vement of pastures and inclusion of agrofo-
restry, improvement of diet and selection of
more efficient animals, could cause significant
reductions in emissions.

Emission of CH, from enteric fermentation
was the major hotspot in livestock systems.
Improving forage quality and the overall
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efficiency of dietary nutrient use is an effecti-
ve way of decreasing GHG emissions per unit
of animal product.

Finally, management strategies adaptable to
the conditions of the zones and economically
viable should be sought that provide benefits
in terms of adaptation to climate change, mi-
tigation of GHG emissions, and that increase
the productivity and profitability of farmers lo-
cated in tropical areas.

LITERATURE CITED

Alexandratos, N., Bruinsma, J. World Agriculture
Towards 2030/2050: The 2012 Revision. 2012.
FAO, Rome, ESA Working paper No. 12-03.

Caro, D., Davis, S.J., Bastianoni, S. & Caldeira, K.
Global and regional trends in greenhouse gas
emissions from livestock. 2014. Clim. Change
126, 203-216. https://doi.org/10.1007/s10584-
014-1197-x.

Cawthorn, D. & Hoffman, L. The role of traditional and
non-traditional meat animals in feeding a growing
and evolving world. 2014. Anim. Front. 4, 6-12.

Chaokaur, A., Nishida, T., Phaowphaisal, I., Som-
mart, K. Effects of feeding level on methane
emissions and energy utilization of Brahman
cattle in the tropics. 2015. Agriulture, Ecosys-
tems and Environment 199 (2015) 225-230.
http://dx.doi.org/10.1016/j.agee.2014.09.014

Dick, M., Abreu, M., Dewes, H. Life cycle assessment
of beef cattle production in two typical grass
land systems of southern Brazil. 2015. J. Clean
Prod. 96, 426-434. http://dx.doi.org/10.1016/].
jclepro.2014.01.080.

FAO. Livestock’'s long shadow: Environmental Is-
sues and Options. 2006. Food and Agriculture
Organization of the United Nations, Rome, 2006.

FAO. Greenhouse Gas Emissions From the Dairy
Sector: A Life Cycle Assessment. Food and
Agriculture Organization of the United Nations,
Rome, 2010.

FAO. Statistical pocketbook world food and agricul-
ture. 2015. Food and Agriculture Organization of
the United Nations, Rome, 2015. ISBN 978-92-5-
108802-9.

FAO. The State of Food and Agriculture: Livestock
in the Balance. Food and Agriculture Organiza-
tion of the United Nations, Rome, 2015.

FAO & New Zealand Agricultural Greenhouse Gas
Research Centre. Options for low emission deve-
lopment in the Kenya dairy sector - reducing en-
teric methane for food security and livelihoods.
2017. Rome. 43 pp. ISBN 978-92-5-109878-3.

FAOSTAT. 2013. Electronic Database of the Food
and Agriculture Organization of the UN. Acces-
sed november 2017. http://faostat.fao.org/.

Forabosco, F., Chitchyan, Zh., & Mantovani, R.
2017. Methane, nitrous oxide emissions and miti-
gation strategies for livestock in developing cou-
ntries: A review. 2017. South African Journal of
Animal Science 2017, 47 (No. 3). http://dx.doi.
org/10.4314/sajas.v47i3.3

Gaitan, L., Laderach, P., Graefe, S., Rao, 1., van der
Hoek, R. Climate-Smart Livestock Systems: An
Assessment of Carbon Stocks and GHG Emis-
sions in Nicaragua. 2016. PLoS ONE 11(12):
€0167949. doi:10.1371/journal.pone.0167949.

Garg, M., Phondba, B., Sherasia, P., Makkar, H. Car-
bon footprint of milk production under smallhol-
der dairying in Anand district of Western India: A
cradle-to-farm gate life cycle assessment. 2016.
Anim. Prod. Sci. 56, 423-436. http://dx.doi.
org/10.1071/AN15464.

Garnett, T., Godde, C., Muller, A., R66s, E., Smith,
P., de Boer, I., zu Ermgassen, E., Herrero, M., van
Middelaar, C., Schader, C., van Zanten, H. Gra-
zed and confused? Ruminating on cattle, grazing
systems, methane, nitrous oxide, the soil carbon
sequestration question - and what it all means
for greenhouse gas emissions. 2017. FCRN-Food
Climate Research Network.

Gerber, P.; Steinfeld, H., Henderson, B., Mottet, A.,
Opio, C., Dijkman, J., Falcucci, A., Tempio, G.
2013. Tackling climate change through livestock
- A global assessment of emissions and mitiga-
tion opportunities. Food and Agriculture Orga-
nization of the United Nations (FAO), Rome. E-
ISBN 978-92-5-107921-8.

Herrero, M., Thornton, P. K., Gerber, P. & Reid, R.
S. Livestock, livelihoods and the environment:
understanding the trade-offs. Curr. Opin. En-
viron. Sust. 1, 111-120 (2009). https://dx.doi.
org/10.1016/j.cosust.2009.10.003.

Revista de Investigacion Agraria y Ambiental. Bogota - Colombia, Vol. 10 No. 1: 91-106, enero - junio 2019 ISSN: 21456097


https://doi.org/10.1007/s10584-014-1197-x
https://doi.org/10.1007/s10584-014-1197-x
http://dx.doi.org/10.1016/j.agee.2014.09.014
http://faostat.fao.org/

Herrero M, Gerber P, Vellinga T, Garnett T, Leip
A, Opio C, Westhoek HJ, Thornton PK, Olesen
J, Hutchings N, Montgomery H, Soussana J-F,
Steinfeld H and McAllister TA. 2011. Livestock
and greenhouse gas emissions: the importan-
ce of getting the numbers right. Animal Feed
Science and Technology 166-167, 779-782. DOL:
10.1016/j.anifeedsci.2011.04.083.

Herrero M, Havlik P, Valin H et al. Biomass use,
production, feed efficiencies, and greenhouse
gas emissions from global livestock systems.
2013. Proc Natl Acad Sci USA 110:20888-93.
doi:10.1073/pnas.1308149110.

Herrero, M., Henderson, B., Havlik, P., Thornton, P.,
Conant, R., Smith, P., Wirsenius, S., Hristov, A.,
Gerber, P., Gill, M., Butterbach, K., Valin, H., Gar-
nett, T., Stehfest, E. Greenhouse gas mitigation
potentials in the livestock sector. 2016. Nuture cli-
mate change. DOI: 10.1038/nclimate2925. P. 1-10.

Hristov, A.N., Oh, J., Lee, C., Meinen, R., Montes, F.,
Ott, T., Firkins, J., Rotz, A., Dell, C., Adesogan,
A., Yang, W., Tricarico, J., Kebreab, E., Waghorn,
G., Dijkstra, J. & Oosting, S. Mitigation of green-
house gas emissions in livestock production - A
review of technical options for non-CO2 emis-
sions. 2013. Edited by Pierre J. Gerber, Benja-
min Henderson y Harinder P.S. Makkar. FAO Ani-
mal Production and Health Paper No. 177. FAO,
Rome, Italy. E-ISBN 978-92-5-107659-0.

IPCC. 2001. Climate Change 2001: The Scientific
Basis. Contribution of Working Group I to the
Third Assessment Report of the Intergovernmen-
tal Panel on Climate Change. 2001. [Houghton,
J.T., et al. (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY,
USA, 881 pp.

IPCC. 2006. Guidelines for National Greenhouse
Gas Inventories. Chapter 10. Emissions from li-
vestock and manure management. Prepared by
the National Greenhouse Gas Inventories Pro-
gramme of the Intergovernmental Panel on Cli-
mate Change.

IPCC. 2007. The physical science basis. Contribution
of Working Group I to the Fourth Assessment Re-
port of the Intergovernmental Panel on Climate
Change. Chapter 2: Changes in atmospheric cons-
tituents and in radiative forcing. 2007. pp. 105.

Lehrman, A., Chatzopoulou, S., Feng, L., Forabos-
co, F., Elisabeth, J]., Konstantinos, Karantininis
Levander, F., Nicolia, A., Rydhmer, L., Récklins-
berg, H., Sandin, P., Sundstrém, J. & Zhu, L.-H.

Revista de Investigacion Agraria y Ambiental. Bogotd - Colombia, Vol. 10 No. 1: 91-106, enero - junio 2019 ISSN: 21456097

Vol. 10 No. 1 | Enero - junio de 2019

Shaping our food - an overview of crop and li-
vestock breeding. 2014. Mistra Biotech 1, 8-88.

Lerner, A., Zuluaga, A., Charg, J., Etter, A., Sear-
chinger, T. Suistanable cattle ranching in practi-
ce: Moving from theory to planning in Colombia’s
livestock sector. 2017. Environmental Manage-
ment (2017) 60:176-184. DOI 10.1007/s00267-
017-0902-8.

Marino, R., Atzori, A., DAndrea, M., Iovane, G., Tra-
balza, M., Rinaldi, L. Climate change: production
performance, health issues, greenhouse gas
emissions and mitigation strategies in sheep and
goat farming. 2016. Small Ruminant Research
135 8 (2016) 50-59. http://dx.doi.org/10.1016/j.
smallrumres.2015.12.012.

Mazzetto, A., Feigl, B., Schils, R., Cerri, C.E., Ce-
rri, C. Improved pasture and herd management
to reduce greenhouse gas emissions from a
Brazilian beef production system. 2015. Lives-
tock Science 175 (2015) 101-112. http://dx.doi.
org/10.1016/j.livsci.2015.02.014.

Membrive, C. Anatomy and physiology of the ru-
men. 2016. D.D. Millen et al. (eds.), Rumenology,
DOI 10.1007/978-3-319-30533-2_1. Pp 1-38.

Molina, R., Sanchez, H., Campos, R., Atzori, A., Mo-
rales, J. Dynamic estimation of greenhouse gas
emissions from bovine livestock of Valle del Cau-
ca, Colombia. 2017. Acta Agron. (2017) 66 (3)
p 422-429. doi.org/10.15446/acag.v66n3.58266.

Molina, R. A., Sanchez, H., & Atzori, A. S. (2018).
A conceptual model to describe heat stress in
dairy cows from actual to questionable loops.
Acta Agronomica, 67(1), 59-64. https://doi.
org/10.15446/acag.v67n1.60612.

Oosting, S., Udo, H., Viets, T. Development of li-
vestock production in the tropics: farm and far-
mers’ perspectives. 2014. Animal, page 1-11.
doi:10.1017/S1751731114000548.

Opio, C., Gerber, P., Mottet, A., Falcucci, A., Tem-
pio, G., MacLeod, M., Vellinga, T., Henderson, B.
& Steinfeld, H. Greenhouse gas emissions from
ruminant supply chains — A global life cycle as-
sessment. 2013. Food and Agriculture Organiza-
tion of the United Nations (FAO), Rome. E-ISBN
978-92-5-107945-4.

Patra, A.K. Trends and projected estimates of GHG
emissions from indian livestock in comparisons with
GHG emissions from world and developing coun-
tries. 2014. Asian-Australasian J. Anim. Sci. 27, 592-
599. http://dx.doi.org/10.5713/ajas.2013.13342.



Rall Andrés Molina Benavides, Hugo Sanchez Guerrero, Daniel Mateus
Livestock Greenhouse Gases Emissions Under Grazing Conditions in the Tropic

Pirlo, G., Caré, S. A simplified tool for estimating
carbon footprint of dairy cattle milk. 2013. Ital J
Anim Sci vol.12:e81, 2013. Pp 497-506. https://
doi.org/10.4081/ijas.2013.e81.

Pirlo, G., Terzano, G., Pacelli, C., Abeni, F., Carg,
S. Carbon footprint of milk produced at Ita-
lian Buffalo farms. 2014. Livestock Science 161
(2014) 176 - 184. http://dx.doi.org/10.1016/j.li-
vsci.2013.12.007

Rivera, A., Guereca, L., Rubio, M. Environmental
impact of beef production in Mexico through life
cycle assessment. 2016. Resources, Conser-
vation and Recycling 109 (2016) 44-53. http://
dx.doi.org/10.1016/j.resconrec.2016.01.020.

Rotz, C., Montes, F., Chianese D. 2010. The carbon
footprint of dairy production systems through
partial life cycle assessment. Journal of Dairy
Science 93; 1266-1282. doi: 10.3168/jds.2009-
2162.

Roxburgh CW and Pratley JE 2015. The future of
food production in the rangelands: challenges
and prospects for research investment, orga-
nization and human resources. The Rangeland
Journal 37, 125-138. https://doi.org/10.1071/
RJ14090.

Seré, C. & Steinfeld, S. World livestock produc-
tion systems: current status, issues and trends.
1996. FAO. Animal Production and Health Paper
127. Food and Agriculture Organisation, Rome.

Steinfeld, H., Gerber, P., Wassenaar, T., Castel, V.,
Rosales, M., De Haan, C., 2006. Livestock’s long
shadow: environmental issues and options. FAO
Publ., Roma, Italy.

Thornton, P. K. Livestock production: recent trends,
future prospects. 2010. Phil. Trans. R. Soc. B
365, 2853-2867. doi: 10.1098/rstb.2010.0134.

Weiler, V., Udo, H., Viets, T., Crane, T. & De Boer,
I. Handling multi-functionality of livestock in a
life cycle assessment: The case of smallholder
dairying in Kenya. 2014. Curr. Opin. Environ.
Sustain. 8, 29-38. http://dx.doi.org/10.1016/j.
cosust.2014.07.009

Wolf, P., Groen, E., Berg, W., Prochnow, A., Bo-
kkers, E., Heijungs, R., de Boer, I. Assessing
greenhouse gas emissions of milk production:
which parameters are essential? 2016. Int J Life
Cycle Assess. DOI 10.1007/s11367-016-1165-y

Zervas, G., Tsiplakou, E. An assessment of GHG
emissions from small ruminants in comparison
with GHG emissions from large ruminants and
monogastric livestock. 2012. Atmospheric Envi-
ronment 49 (2012) 13-23. doi:10.1016/j.atmos-
env.2011.11.039.

Zhu, B., Kros, J., Lesschen, J., Staritsky, I., de
Vries, W. Assessment of uncertainties in gre-
enhouse gas emission profiles of livestock sec-
tors in Africa, Latin America and Europe. 2016.
Reg Environ Change (2016) 16:1571-1582. DOI
10.1007/s10113-015-0896-9.

Conflicto de Intereses
Los autores declaran no tener
ningun conflicto de intereses

Revista de Investigacion Agraria y Ambiental. Bogota - Colombia, Vol. 10 No. 1: 91-106, enero - junio 2019 ISSN: 21456097



	_Hlk497571472
	_Hlk497570793
	_GoBack

