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Abstract – Global warming is the phenomenon of  increase 

in the temperature of  Earth’s surface bringing permanent 

change in the environment, which is due to release of 

anthropogenic greenhouse gases (GHGs) mainly carbon 

dioxide, methane and nitrous oxide due to combustion of  

fossil fuels like oil, gas, coal, electronic goods and other 

sources. Livestock sector is one of the top two or three most 

significant contributors to the environmental problems, 

contributing 12.5-18 % of GHG emissions, which include 9% 

of carbon dioxide, 37% of methane, 65% of nitrous oxide and 

64% of ammonia, of total GHG emissions. Global warming is 

the mother of all challenges, because it poses a threat of far 

reaching consequences to societies all over the world. 

Average global temperatures are predicted to increase by 

1.8-3.9oC by 2100. Climate change can bring serious impacts 

on livestock sector by affecting ecological equilibrium, 

weather patterns, water source and availability, animal 

health, agricultural production and sustainable development.  

Climate change increases heat stress in animals which results 

in loss of production, a consequence to reduced feed intake. 

Considering the expected impacts of Earth’s temperature 

increase, the International community agreed to follow UN 

climate change protocols held at Kyoto (1977), Rio de Janerio 

(1992) and recently at Lima (2014) to reduce the GHGs by 

25-40% by 2025, by using alternative energy sources for 

power generation. Every effort should be made to limit the 

GHG emissions by using renewable energy sources with 

more nuclear-fossil energy infrastructure and also using bio-

fuels. Livestock sector produces considerable amounts of 

anthropogenic GHG emissions in their production chain. To 

mitigate GHG emissions from livestock sector, the strategies 

encompass nutritional interventions, manure management 

and animal husbandry practices. Among the nutritional 

strategies, improving forage quality and the overall efficiency 

of dietary nutrient use is effective. Several dietary 

manipulations like inclusion of  feed supplements like 

methane inhibitors, electron acceptors, ionophores, plant bio-

active compounds, dietary lipids, exogenous enzymes, or 

direct fed microbial have a potential to reduce enteric 

methane emissions from ruminants, but economic viability 

and long term effects have to be established before 

implemented. Increasing animal productivity and improving 

animal health care are considered to be effective animal 

husbandry related mitigation measures. Several farmyard 

manure management practices like precision feeding, bio-

filtration, acidification, deep cooling and composting have 

significant potential in reducing GHG emissions from 

manure storage and after application or deposition on soils. 

A comprehensive and sustainable action plan has to be 

initiated by politicians, policy makers, producers and 

consumers to limit the GHGs from all sources including 

livestock production with urgency and at reasonable cost. 

Keywords – Facts and Impacts, Global Warming, Livestock 

Farming, Mitigation Strategies. 

 

INTRODUCTION 
 

Global warming is the phenomenon of gradual increase 

in the average temperature of Earth’s atmosphere and of 

oceans, a change that is believed to be permanently 

changing the climate of the Earth. Climate change is the 

imbalance of customary weather factors such as 

temperature, wind and rain fall characteristics of specific 

regions on the Earth. Around the world there is a great 

debate among the people about the global warming.  It is 

considered to be the mother of all challenges and the 

greatest challenge that human kind will face in the current 

century, because it poses a threat of far-reaching 

consequences to the society around the world, in particular 

in developing and under developed countries, where they 

are not possessed with technologies to combat [23]. 

Global warming is mainly attributed to anthropogenic 

emission of greenhouse gases (GHG) into the atmosphere, 

mainly carbon dioxide, methane and others, resulting from 

combustion of fossil fuel and other sources [47], [29]. 

Human population has increased enormously; people 

started using more and more energy in the form of fossil 

fuels, like oil, gas, and coal. When fossil fuels burn to 

generate power, to run vehicles, to produce electricity and 

for heating houses, they emit carbon dioxide into the 

atmosphere. In addition people fell trees, resulting in less 

utilization of carbon dioxide. There is a strong evidence 

that emission of chlorofluorocarbons (CFCs) were also 

major cause of recent abnormal increase in the 

atmospheric temperature .Like carbon CFCs do not trap 

heat but in the presence of UV rays the chlorine gets 

detached from CFCs, drift into the stratosphere and 

unattached chlorine catalytically convert ozone molecule 

into oxygen depleting the ozone layer [36],[56]. Although, 

much evidence has been amassed on the negative impacts 

of livestock production on environmental integrity, 

community sustainability, public health and animal 

welfare, the global impacts of this sector remained 

underestimated and underappreciated. Therefore, the aim 

of this paper is to review the genesis of global warming, 

facts and impacts on livestock production and potential 

mitigation strategies. 
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DISCUSSION 
 

1. Genesis 

1.1 Greenhouse effects (Gaseous atmospheric 

pollution) 
The greenhouse effect is a natural phenomenon of 

keeping the earth in a temperature range that allows life to 

sustain. The Suns enormous energy warms the Earth’s 

surface and its atmosphere. As this energy radiates back 

towards space  as  heat, a portion is absorbed by a delicate 

balance of heat –trapping gases in the atmosphere. Among 

them carbon dioxide and methane creates an insulating 

layer. But when these heat-trapping  gases increase in 

amounts resulting in the temperature rise in the Earth’s 

surface, which causes global warming.The greenhouse 

effect on the Earth is generated  mostly by water vapour 

and opaque to infrared radiation and contributes about 

65%, carbon dioxide, 33% and other GHG such as ozone, 

methane and nitrous oxide (2%).The Earth is warming at 

0.750C in the last 100 years (1900-2000) due to emission 

of GHGs. Higher concentration of carbon dioxide and 

methane gases in the atmosphere causes the heat from the 

Sun to become more intense, resulting in the temperature 

rise on the Earth’s crust. As per Global Carbon Project 

(GCP), the average growth rate of atmospheric carbon 

dioxide during 1980-2000 is 1.5 ppm per year and during 

the years 2000-2007 is 2.0ppm per annum [56]. 

1.2. Atmospheric brown clouds (ABC) 
The aerosols or air pollutants are referred to  as 

atmospheric brown clouds .Greenhouse gases act like the 

blanket that keeps the planet warm on a cold weather 

conditions by trapping the heat radiation from the planet. 

This radiation heat would have otherwise escaped to the 

surrounding outer space. The man made GHGs has 

thickened the protective layer by 2%. Many air pollutants 

particularly sulphates and nitrates,reflect solar radiation, 

which gives rise to the hazy skies, while black carbon 

aerosols, a major constituent of suit, absorb visible solar 

radiation resulting in brownish colour of the haze. The 

reflecting air pollutants in ABCs act like a mirror on the 

GHGs layer and make the planet brighter and this will 

have a climate cooling effect. On the other hand, the black 

carbon in ABCs will make the layer brownish by 

absorbing more UV and visible Sun light, which inturn 

warms the atmosphere on the Earth’s surface. The current 

scientific understanding is that the global cooling effect of 

the mirror is much larger than the warming effect of the 

brownish suit, because ABCs have masked a significant 

fraction of the warming effect of the GHGs blanket. 

However, ABCs are a short term problem, but GHGs 

continue to increase and there is an emerging need to 

reduce carbon dioxide emission from fossil fuels. 

1.3. Global warming and climate change 
The three main GHGs are carbon dioxide, methane, and 

nitrous oxide [29]. The capacity of GHGs to trap heat in 

the atmosphere is described in terms of their global 

warming potential (GWP) which compares their global 

warming potential to that of carbon dioxide (with GWP set 

as 1). Although most attention has focused on carbon 

dioxide, methane and nitrous oxide both are extremely 

potent GHGs which have greater global warming 

potentials, than does carbon dioxide. By assigning carbon 

dioxide a value of 1 GWP, the warming potentials of these 

other gases can be expressed on a carbon dioxide-

equivalent basis [48],[55]. Methane has a GWP of 23 

times higher than that of carbon dioxide; and nitrous oxide 

has a GWP of 296.If emphasis is placed on the sustainable 

use of energy needs, the temperature could rise by about 

1.80 C by the end of this century (2100). If not the 

temperature could rise by 60 C with even greater 

probability of causing abrupt or irreversible impacts. As 

per the United Nations intergovernmental panel on climate 

change [31], an increase of temperature between 1.8 to 

5.40C could trigger massive environmental changes. 

1.4 Livestock induced climate change 
As per estimates, about 12.5% of total emissions of 

greenhouse gases are related to livestock production [56], 

[23].This contribution is even higher (18%) when the 

deforestation related to the expansion of livestock 

production area is also considered to meet the growing 

demand of animal products.Livestock contributes about 

9% of total carbon dioxide production emissions, 37% of 

methane, and 64% of nitrous oxide emissions throughout 

production process. Though GHG emissions may come 

from non- ruminant herbivores, wild animals and poultry, 

but their contributions are negligible. Ruminants emit over 

75% of the total carbon dioxide emissions from livestock. 

In the reference [29] scientist have estimated five major 

sources of emissions along livestock supply chain (1) 

Land use and land using chain: 2.5 giga tons carbon 

dioxide equivalents. (2)Feed production: 0.4 giga tons 

carbon dioxide equivalent (3) Animal production: 1.9giga 

tons carbon dioxide equivalent. (4) Manure management: 

2.2 giga tons carbon dioxide equivalent and (5) Processing 

and international transport; 0.03 giga tons Carbon dioxide 

equivalent .Animal production may have adverse effect on 

many environmental aspects including air and water 

pollution, degradation of soil quality, reduction of 

biodiversity and global climate change. The emission of 

GHGs in livestock production systems originates from the 

animals enteric emissions, the manure and the fields used 

for the production of feed and forages.  

1.5. Anthropogenic influences 
Although some natural occurrences contribute to GHG 

emissions [33], the overwhelming consensus among the 

world’s most reputed climatologists is that human 

activities are responsible for most of this increase in 

temperature [31]. It [31] is concluded with high 

confidence that anthropogenic warming over the last three 

decades has had a discernible influence on many physical 

and biological systems. Food and Agriculture 

Organization of the United Nations [18], highlighted the 

substantial role of the farm animal production sector, 

identifying it as a major threat to the environment. The 

FAO found that the animal agriculture sector emits 18%, 

or nearly one-fifth, of human-induced GHG emissions, 

more than the transportation sector [55], [29] . 

1.6. Impact of growing livestock population and 

intensive production 
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Globally, approximately 56 billion land animals are 

reared and slaughtered for human consumption annually, 

and livestock inventories are expected to double by 2050, 

with most increases occurring in the developing world 

[55], [36] . As the number of farm animals reared for 

meat, egg, and dairy production rise, their GHG emissions 

will also increase. According to the U.S. Department of 

Agriculture [62] GHG emissions from livestock are 

inherently tied to livestock population sizes because the 

livestock are either directly or indirectly the source for the 

emissions. Escalating farm animal population has 

significantly contributed to increased methane emissions 

from both animals and their manure [48]. 

In  recent decades, increasing number of animals are 

reared  in intensive production systems in which chicken, 

pigs, turkeys, and other animals are confined in cages, 

crates, pens, stalls, and warehouse-like grow-out facilities. 

These production systems are devoid of environmental 

stimuli, adequate space, or means by which to experience 

most natural behaviours. Furthermore, because these 

commercial industrialized, landlessfacilities tend to 

produce more manure than can be used as fertilizer on 

nearby cropland [17]. Manure is instead distributed to a 

small, local landmass resulting in soil accumulation and 

runoff of phosphorus, nitrogen, and other pollutants [59]. 

Extensive or pasture-based farming methods remain the 

norm in Africa and some parts of Asia, but the trend in 

Latin America and Asia favour intensive production 

systems [45].  In recent years, industrial livestock 

production has grown at twice the rate of more traditional 

mixed farming systems and at more than six times the rate 

of production based on grazing. Confining greater number 

of animals under intensive system of rearing and 

separating production operations from agricultural land 

will only accentuate the environmental problems already 

posed by this sector[55], [29]. 

1.6. 1 Carbon dioxide emissions from livestock sector 
Carbon dioxide gas has the most significant direct-

warming impact on global temperature because of the 

volume of its emissions. Of all the natural and human-

induced influences on climate over the past 250 years, the 

largest is due to increased carbon dioxide concentrations 

attributed to burning fossil fuels and deforestation [5], The 

livestock sector accounts for 9% of total carbon dioxide 

emissions, which are primarily the result of fertilizer 

production, on-farm energy expenditure, feed transport, 

animal product processing and transport, and land use 

changes. Burning fossil fuels to produce fertilizers for 

feeding crops may emit 41 million metric tons of carbon 

dioxide per year. Vast amounts of artificial nitrogenous 

fertilizer are used to grow farm animal feed, primarily 

composed of corn and soybeans. Most of this fertilizer is 

produced in factories dependent on fossil-fuel energy The 

Haber-Bosch process, produces ammonia in order to 

create nitrogen-based chemical fertilizer, is used to 

produce 100 million metric tons of fertilizer for feed crops 

annually [55].  An additional 90 million metric tons of 

carbon dioxide per year may be emitted by fossil fuels 

expended for intensive animal/ bird confinement 

operations. Although a large portion of the energy used for 

intensive confinement operations goes toward heating, 

cooling, and ventilation systems, more than half is 

expended for feed crop production, specifically to produce 

seed, herbicides, and pesticides, as well as the fossil fuels 

used to operate farm machinery in the production of forage 

and feed crops [55].  Carbon dioxide emissions from farm 

animal processing amounts to several million metric tons 

per year. The amount of fossil fuels burned varies 

depending on the species and type of animal product. For 

example, processing 1 kg of beef requires 4.37 mega-

joules (MJ), or 1.21 kilowatt-hours, and processing 1 

dozen eggs requires more than 6 MJ, or 1.66 kilowatt-

hours. That same 1 kg of beef may result in GHGs 

equivalent to 36.4 kg of carbon dioxide, with almost all 

the energy consumed attributed to the production and 

transport of feed [46].  Approximately 0.8 million metric 

tons of carbon dioxide are emitted annually from the 

transportation of feed and animal products to the places 

where they will be consumed [55]. 

Farm animals and animal production facilities cover 

one-third of the planet’s land surface, using more than 

two-thirds of all available agricultural land including the 

land used to grow feed crops [27]. Deforestation, land  

degradation, soil cultivation, and desertification are 

responsible for carbon dioxide emissions from the 

livestock sector’s use of land.Livestock farming is a 

significant catalyst for the conversion of wooded areas to 

grazing land or cropland for feed production, which may 

emit 2.4 billion metric tons of carbon dioxide annually as a 

result of deforestation.The animal sector has particularly 

devastated Latin America, the region experiencing the 

largest net loss of forests and greatest releases of stored 

carbon into the atmosphere, resulting from disappearing 

vegetation. One of the chief causes of Latin America’s 

deforestation is cattle ranching [16]. Other important 

ecosystems are also threatened by increasing farm animal 

population. Brazil’s Cerrado region, the world’s most 

biologically diverse savannah, produces half of the 

country’s soybean crops [35]. Ranching is another major 

threat to the region, as it produces almost 40 million cattle 

a year [71] ,[36]. 

Farm animal production also results in release of up to 

28 million metric tons of carbon dioxide/year from 

cultivated soils [36].  Forests, act as carbon sinks and store 

more than twice the carbon found in vegetation or in the 

atmosphere .Human activities, have significantly depleted 

the amount of carbon sequestered in the soil, contributing 

to GHG emissions. Desertification, or the degradation of 

land in arid, semiarid, and dry sub humid areas, is also 

exacerbated and facilitated by the animal agriculture sector 

[19]. By reducing the productivity and amount of 

vegetative cover, desertification allows carbon dioxide to 

escape into the atmosphere. Desertification of pastures due 

to animal agriculture is responsible for up to 100 million 

metric tons of carbon dioxide emissions annually [36], 

[70]. 

1.6.2 Nitrogen from fertilizer and livestock feed 

production 
Feeding the global population of livestock requires at 

least 80% of the world’s soybean crop and more than one-
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half of all corn, a plant whose growth is especially 

dependent on nitrogen-based chemical fertilizers. Natural 

sources  of biologically fixed nitrogen, the form easily 

available as nutrient for plants, are limited, necessitating 

artificial fertilizer production [36]. Modern chemical 

fertilizer manufacturing, heavily reliant on fossil fuels, has 

taken a once-limited nutrient and made it available in 

massive quantities for crop farmers in the industrialized 

world. The changes to the nitrogen cycle are larger in 

magnitude and more profound than the changes to the 

carbon cycle. But the nitrogen cycle is being neglected [7].  

A growing proportion of the world’s population consumes 

excess protein and calories, which may lead to human 

health problems. The associated production of these 

dietary proteins (especially animal products) leads to 

further disturbance of the nitrogen cycle [73].  All crops 

grown in the industrialized world are nitrogen-saturated, 

and overuse of nitrogen in crop production, resulted in 

nitrogen runoff into waterways, and millions of tons of 

nitrogen found in farm animal manure threaten 

environmental integrity and public health [50]. 

1.6.3. Methane and nitrous oxide 
The livestock sector is also responsible for 35–40% of 

annual anthropogenic methane emissions that result from 

enteric fermentation in ruminants and from farm animal 

manure. Methane emissions are affected by a number of 

factors, including the animal’s age, body weight, feed 

quality, digestive efficiency, and exercise [48],[55].  

Ruminants emit methane as part of their digestive process, 

which involves microbial (enteric) fermentation [65].  

Although individual animals produce relatively small 

amounts of methane [67], the more than 1 billion 

ruminants reared annually amount to a significant methane 

source [20].  Enteric fermentation generates approximately 

86 million metric tons of methane emissions worldwide 

[55]. 

Cattle confined in feedlots or in intensive confinement 

dairy operations are fed on unnatural diet of concentrated 

high-protein feed consisting of corn and soybeans. 

Although cattle may gain weight rapidly when fed this diet 

[49],  it can cause a range of illnesses  [54].  This diet may 

also lead to enhanced methane emissions. The standard 

diet fed to beef cattle confined in feedlots contributes to 

manure with a high methane producing capacity [63].  In 

contrast, cattle reared on pasture, eating a more natural, 

low-energy diet composed of grasses and other forages 

produce manure with about half of the potential to 

generate methane [63]. Farm animals produce billions of 

tons of manure; with confined farm animals in the United 

States alone generating approximately 500 million tons of 

solid and liquid waste annually [64].  Storing and 

disposing of these immense quantities of manure can lead 

to significant anthropogenic emissions of methane and 

nitrous oxide [66].  Globally, emissions from pig manure 

alone account for almost half of all GHG emissions from 

farm animal manure [55] ,[29]. 

Farm animal manure is the source of almost 18 million 

metric tons of annual methane emissions. In the reference 

[66], this increase is due to the trend toward housing dairy 

cows and pigs in larger facilities that typically use liquid 

manure management systems, which were first in use in 

the 1960s [41] but are now found in large dairy operations 

across the United States and in some developing countries, 

as well as in most industrial pig operations worldwide. 

About 70% of anthropogenic emissions of nitrous oxide 

result from crop and animal agriculture combined, farm 

animal production, including growing feed crops, accounts 

for 65% of global nitrous oxide emissions [55], [36]. 

2. Facts and impacts 
Global warming is considered as mother of all 

challenges that stare at the face of human population, 

because they pose a threat of far reaching consequences to 

societies all around the world. In the future, climate 

change will affect people worldwide and it is the single 

biggest environmental and humanitarian crisis of all times. 

Experts claim that climate change would have  a  serious 

impact on ecological equilibrium, water  availability, 

human health and sustainable development in general, 

especially in developing countries, which do not possess 

necessary means of adaptation to these global phenomena. 

Global warming is expected to result in changes in 

weather patterns, including an increase in global 

precipitation and changes in the severity or frequency of 

extreme events such as severe storms, floods and droughts. 

In general, the faster the changes, the greater will be the 

risk of damage exceeding our ability to cope with the 

consequences. Mean sea water level is expected to rise by 

9–88 cm by 2100, causing flooding of low-lying areas and 

other damages. Climatic zones could shift pole ward and 

uphill, disrupting forests, deserts, rangelands and other 

unmanaged ecosystems. As a result, many ecosystems will 

decline or become fragmented and individual species 

could become extinct. 

2.1. Impact on water availability 
The world is moving towards increasing problems of 

fresh water shortage, scarcity and depletion, with 64 per 

cent of the world’s population expected to live in water-

stressed basins by 2025.Climate change will have a 

significant impact on sustainability of water supply all 

around the world in the coming decades. As per the 

Natural Resources Defence Council (NRDC), more than 

48 countries in the world will face extremely severe water 

shortage. This global phenomenon   has a wide spread 

impact on manifestation of significant shortages in all 

domains of water cycle, availability and especially affects 

agriculture production of the affected region, water quality 

and water supply system. Higher temperatures also 

increase the rate of evaporation of water. Rising 

temperatures can cause rising water levels in some areas 

and decreasing levels in other areas. Fresh water 

availability worldwide is dwindling, which means that 

there will be widespread impact on animal agriculture 

production due to manifestation of significant shortages in 

all domains of water cycle resulting in anthropogenic 

disasters. (http;//en.wikipedia.org/wiki/disaster/drought). 

Drought hazards have adverse impact on the environment, 

water availability, water equilibrium, water quality, water 

supply system, hydropower generation, navigation, ground 

water    and vegetation covers. 

 



 

 

 

Copyright © 2015 IJAIR, All right reserved 

1498 

International Journal of Agriculture Innovations and Research 

Volume 3, Issue 5, ISSN (Online) 2319-1473 

2.2 Impact on livestock farming 
Global agriculture will face many challenges over the 

coming decades and global warming and climate change 

will further complicate them. A warming of more than 

2.50 C could reduce food supplies and contribute to higher 

prices of food commodities. The crop yields and 

productivity vary considerably. Some regions like tropics 

and subtropics will be threatened, whereas temperate and   

high altitude areas may benefit. The livestock sector will 

also be affected due to climate change. Livestock products 

would become costlier, if agriculture production is 

affected. Climate change increases the atmospheric 

temperature, which has a direct impact on animals by 

increasing heat stress. This results in loss of production 

due to reduced feed intake and reduction in reproductive 

efficiency. Changes in rainfall patterns and increased 

temperature affect feed availability, and weed, pest and 

disease incidence [36]. Food supplies are also at risk, as it 

is harder to grow crops in environmental conditions 

altered by climate change.  

2.3. Impact on human and animal health 
The ecological foot prints of the livestock sector will 

increase because of land use and land degradation. 

Reaching sustainable balance between environmental 

problems and meeting the current demands of animal 

derived foods and preservation of ecosystem is massive. 

As a  result of temperature increase there will be increase 

of mosquitoes, tsetse fly and ticks, both animal and human 

health will be increasingly vulnerable to insect-borne 

disease risks. Climate change is one of the most serious 

public health threats facing the nations, but few people are 

aware of it [36]. 

The major scientific studies have shown that increasing 

the average temperature of earth is a reality. A temperature 

rise of 20C over the pre- industrial period cannot be 

avoided. To contain the rise in temperature to 20C, 

greenhouse gases emission will have to be reduced to by 

about 40% by 2020.There will be increased health risks. 

Rising temperatures will cause longer and more frequent 

heat waves, which result in more heat-related injuries and 

deaths. Rising sea levels, will cause flooding and   

increase standing water, which can serve as breeding 

ground for malaria and other parasites. Floods will also 

increase coastal erosion and destroy people’s homes in 

coastal states. Thousands of people will be displaced. 

Longer and more intense heat waves will cause heat-

related injuries. 

2.4 Disasters and droughts 
Many impacts of global warming are already detectable. 

As glaciers retreat, the sea level raises, the tundra thaws, 

hurricanes and other extreme weather events occur more 

frequently, and penguins, polar bears, and other species 

struggle to survive [60].  Experts anticipate even greater 

increases in the intensity and prevalence of these changes 

as the 21st century brings rises in GHGs. Average global 

temperatures have risen considerably, and the 

Intergovernmental Panel on Climate Change [33], predicts 

increases of 1.8–3.9°C by 2100. These temperature rises 

are much greater than those seen during the last century, 

when average temperatures rose only 0.06°C per decade 

[44]. Since the mid-1970s, however, the rate of increase in 

temperature rises has tripled. The IPCC’s report [32], 

warns that climate change could lead to some impacts that 

are abrupt or irreversible. 

2.5. Conflict, hunger, and disease 
Climate change can have far-reaching consequences, 

perhaps mostly seen in growing conflicts among pastoral 

communities. Environmental degradation has been cited as 

one of the catalysts for on-going conflicts in Darfur and 

other areas of Sudan, where the effects of climate change 

has led to untenable conditions. As temperatures rise and 

water supplies dry up, farmers and herders are fighting to 

gain control over diminishing arable land and water [3]. 

According to [31], many areas already suffering from 

drought will become drier, exacerbating the risks of both 

hunger and disease. By 2020, up to 250 million people 

may experience water shortages, and in some countries, 

food production may be cut in half [31]. By 2050 the same 

year by which the FAO projects that meat and dairy 

production will double from present levels, primarily in 

the developing world [55]. Millions people in Asia may 

suffer from climate-change–related food shortages [10]. 

Global temperature shifts may also hasten the speed at 

which infectious diseases emerge and re-emerge [13].  

According to World Health Organization, the chief risk 

factor for emerging zoonotic diseases is environmental 

degradation by humans, particularly deforestation, 

logging, and urbanisation [21].  The clear-cutting of 

forests for soybean cultivation, logging, and other 

industries enables viruses to exploit such newly exposed 

niches [26]. 

3. Mitigation strategies and the way forward 

3.1. General options  
Considering the expected impacts, Earth’s temperature 

increase in ecosystem, the International community in 

1977 agreed to follow Kyoto-protocol at UN climate 

conference in Japan. They agreed to reduce the emissions 

of GHGs, by using more alternative energy sources like 

solar, wind power, or wave power etc. National resources 

defence council (NRDC) approach is to cut carbon dioxide 

pollution from America s power plants by 21-31% from 

2012 levels by 2020 and 25-30% by 2025. International 

agreement on climate change at the Earth summit in Rio 

de Janeiro in 1992 was accorded. Recently in November, 

2014 United States of America and People Republic of 

China surprised the world by announcing a rare accord to 

cut carbon pollution, which gives hopes for global 

agreement on climate change. During Lima, Peru, UN 

climate change conference held in December, 2014 USA 

has indicated that it would commit to reduce 26-28% less 

climate change pollution in 2025 than was in 2005, 

whereas European Union has resolved to reduce pollution 

rates by 40% by 2030.It is contemplated to organise the 

next UN climate change meeting in December, 2015 at 

Paris and a new agreement is likely to be reached on 

climate change.  

Measures to stop climate change need to be taken now, 

because we will experience its effects during our lifetime. 

Since it has not affected us very much yet, not very many 

people are aware of it. We need to raise awareness now, 
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because once we see its effects, it will be too late. The 

majority of climate scientists agree that we can avoid the 

worst impacts of climate change if we stabilize greenhouse 

gas levels around 450-550 ppm. Greenhouse gas levels are 

currently around 380 ppm, and we do not have much time 

to stabilize them. This is something that must be 

accomplished within a couple of years. Climate change is 

an urgent issue that needs to be addressed now [36]. 

Despite the fact that climate change is progressing, there 

are still ways that it can be slowed down. To start with, the 

government should work to raise awareness about global 

warming, and what people can do to help. In addition, the 

government should offer tax benefits for people who use 

clean energy. Fossil fuels, such as oil and coal, are the 

largest sources of carbon emission, and fazing them out 

would significantly reduce the human impact on the 

environment. Offering tax benefits promote use of clean 

energy, but will still allow people to choose to use fossil 

fuels. Efforts are to be made to slow down climate change 

through using renewable energy and energy efficiency 

sources like bio-fuels or changing the nation’s power 

system. 

3.1.1 Livestock impact and mitigation measures 
Overall livestock activities contribute 12.5-18% of total 

anthropogenic GHG emissions from five major sectors. 

GHG emissions from livestock have been long recognized 

to be a function of the efficiency of livestock production 

and of total number of livestock reared. So improved 

productivity is essential to  reduce emissions. There are 

species differences to the production of GHG emissions 

and accordingly cows and buffalos are preferred for milk 

production. There are various emission reduction options 

from ruminant production. Mitigation in reducing 

emissions can be achieved in different ways related to 

animal feeding and management, manure collection, 

storage, improved animal waste management through 

energy (biogas) recovery, and management of crops fed to 

the livestock by bringing more drastic changes of the 

whole production system. 

3.1.2. Sequestering carbon and mitigating carbon 

dioxide emissions 
Carbon dioxide is the most important GHG, which has 

significant direct-warming impact on global temperature 

rise because of volume of its emission. Amount of carbon 

release from changes in the land use and land degradation 

are higher. Livestock offers a significant potential for 

carbon sequestering in the form of improved pastures. 

Other strategy could be reducing deforestation by 

agricultural intensification. Creating incentives for forest 

conservation and decreased deforestation in Amazon and 

other tropical areas, can offer a unique change of 

mitigation measure [29].  Another option could be 

recovering soil organic carbon loses from degraded 

pastures. Improved grassland management is major area 

where carbon losses from soil can be reversed [47]. 

3.2. Methane emission from ruminants  
Ruminants produce GHGs in a number of ways, directly 

through enteric fermentation (methane), nitrogen excretion 

(nitrous oxide) and stored manure (methane and nitrous 

oxide) .Indirectly  through use of fossil fuels and electric 

power in animal production systems, and use of feed stuffs 

for their feeding that have incurred emission of GHG  in 

their production. In general methane production in 

ruminants represents 4-12% of gross energy intake (GEI) 

due to inefficiency in converting feed energy. It is not only 

environmental hazard but also loss of productivity to the 

animal. Methane originates from anaerobic microbial 

fermentation process, in reticulo-rumen of ruminants. The 

high moisture content and rumen temperature inherently 

present a conducive environment for rumen microbes to 

survive symbiotically with the host. Substrates required 

for the microbes are provided through ingestion of feed, 

which is attacked by microbes and degraded to wide range 

of end products. During this process, organic substrates 

are oxidized to carbon dioxide and water, but in internal 

rearrangement of carbon, hydrogen and oxygen present in 

the feed between microbial biomass and end products, 

keeps the system going, and reducing hydrogen ions are 

generated. To prevent the accumulation of hydrogen ions 

in the rumen a hydrogen sink is needed. Among the 

various sinks, conversion of hydrogen and carbon dioxide 

by methanogenic microbes, into methane in the rumen is 

the major one [42]. .Other end products of fermentation 

are microbial biomass and volatile fattyacids (acetic, 

propionic and butyric). Several factors like dietary 

characteristics and fermentation conditions influence the 

methane production in the rumen. It is widely accepted 

that dietary alterations and composition (roughages to 

concentrate ratio or the fiber, starch, sugars and protein 

content of the feed) affect rumen functioning and animal 

performance. So basic principle to reduce methane 

emission in the rumen should be to increase the 

digestibility of the feedstuffs either through modifying the 

feed or by manipulation of rumen fermentation.When the 

diet is poor methane emissions are higher. The most 

promising approach for reducing emissions from livestock 

sector is by improving productivity and efficiency of 

livestock production [39].  

3.3. Enteric methane mitigation through nutrition 
More recently [39] the nutritional mitigation strategy to 

reduce enteric methane emission from ruminants was 

extensively reviewed. A number of techniques exist to 

reduce methane emissions from enteric fermentation from 

ruminants..These methods include, improving the quality 

of the roughage, improving grazing practices, use of 

rotational grazing, inclusion of legumes, feeding highly 

digestible forages. Increasing forage digestibility and 

digestible forage intake will reduce methane emission 

from rumen fermentation. 

3.3.1. Dietary manipulations through Feed 

supplements 

3.3.1.1. Inhibitors 
The most successful methane inhibitors tested in vivo 

are bromochromomethane (BCM), 2bromoethanesulfonate 

(2.BES), chloroform and cytodoxins. Among these 

compounds tested bromochromomethane (BCM) is the 

effective enteric methane inhibitor [1],  but it is a  banned 

compound in many countries of the world because it is an 

ozone depleting compound. 
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3.3.1.2. Electron receptors 
Recently, electron receptors as feed supplements 

received considerable attention. Some supplements studied 

are fumarate, nitrates, sulphates and nitrothanes [38], [8]. 

Among the many compounds tested nitrates have shown 

promising results in reducing enteric methane emissions 

from ruminants, particularly in low protein diets, but 

proper adaptation is the key for success [30]. This is 

evident by the gradual and marked increase in nitrate 

reducing bacterial activity following introduction of 

nitrates in the rations. Scientist [38], suggested an alternate 

way of nitrate supplementation through licking blocks. 

3.3.1.3. Ionospheres 
Monensin is the most promising and most widely used 

ionophore to limit the enteric methane emission in 

ruminants [52], but it is effective only on high grain ration 

or mixed grain rations. There will be consistent decrease 

in acetate: propionate ratio, which may lead to reduction in 

methane emission per unit feed. This effect is dependent 

on dose, feed intake and diet composition. 

3.3.1.4. Plant bioactive compounds  
Many varieties of plant secondary compounds, specially 

tannins, saponins etc. are promising options. Hydrolysable 

and condensed tannins may offer an opportunity to reduce 

enteric methane [24], [4]. They reported decreased enteric 

methane emission from 6-27%. It has been reported that 

anti methanogenic effect of tannins depend on application 

rate and is positively related to the number of hydroxyl 

groups in their structure and directly affecting rumen 

methanogenesis [24]. Tea saponin seems to have great 

potential. Extracts from plants such as rhubarb and garlic 

could decrease methane emission, but long term effectsare 

yet to beestablished. 

3.3.1.5. Dietary lipids 
The dietarylipids have been reported to suppress the 

methane emissions when added in the rations in the range 

of 6-8%, but are also cost effective [25]. When fed at the 

rate of less than 8% in the diet, at 10 g /Kg DM increase in 

dietary fat would decrease methane yield by 1g/Kg DM in 

cattle and 2.6 g/Kg DM in sheep.High oil by-product feeds 

such as distillers grains and meals from bio-diesel industry 

can serve as cost effective sources of dietary lipids with 

potential methane suppressing effect. 

3.3.1.6. Exogenous enzymes 
Use of exogenous enzymes in ruminant rations has been 

studied extensively. But, the limited data available 

indicated that exogenous enzymes may increase feed 

efficiency. Indirectly reduce enteric methane emission 

[25], but cannot be recommended as a mitigation practice 

as of now. 

3.3.1.7. Direct fed-microbial 
Some direct fed –microbial like yeast based products 

(YPs) are used as feed additives and may have moderate 

methane mitigating effect [2]. A variety of direct fed 

microbial available are live yeast products and yeast 

cultures as feed supplements, which stabilize pH and 

promote rumen function. 

3.3.1.8. Manipulation of rumen archaea and bacteria 
Significant efforts have been devoted to suppress 

archaea and or promoting acetogenic bacteria in the 

rumen. Vaccines against rumen bacteria may offer a small 

mitigation opportunity to reduce enteric methane emission 

based on the concept that of a continuous supply of 

antibodies to the rumen through saliva [43], [29]. 

3.3.1.2. Feeds and feeding management 

3.3.1.2.1. Feed intake 
There is a clear relationship between feed DM 

digestibility, concentrate feed and the pattern of rumen 

fermentation. Feed intake is the important variable in 

methane emission [28]. Addition of starch and lipid 

combinations to the diets of feedlot bulls reduced GHG 

emissions [14], inclusion of concentrate feed at above 35-

40% of DM is   likely reduce   methane emission. 

Supplementation with small amounts of concentrates in 

the feed is likely to increase animal production and 

decrease methane emission [37]. 

3.3.1.2.2. Forage quality 
Forage quality, level of concentrates in the diet 

digestibility and feed intake are interrelated and directly 

affect enteric methane emissions. Best mitigation strategy 

is to increase the forage digestibility in order to improve 

intake and animal productivity, thus reducing methane 

emission. 

3.3.1.2.3. Feed processing 
The processing of grain to increase digestibility is likely 

to reduce enteric methane emission [72], but it is not 

economically feasible option in low-input production 

system. 

3.3.1.2.4 .Total mixed rations (TMR) and feeding 

ability 
There is little evidence of beneficial effects of 

synchronizing energy and protein or frequency of feeding 

on methane emission from rumen. Total mixed rations will 

have some advantage on intake and fermentation [9]. 

3.3.1.2.5. Precision feeding 
Precision feeding entails closely matching the animal 

requirements and dietary nutritional supply and 

synchronizing energy and protein delivery or frequency of 

feeding which   has effect on methane production. Indian 

scientists [22] documented remarkable progress in animal 

performance utilizing program to feed balanced rations to 

lactating cows and buffaloes with reduced methane 

emissions. 

3.3.1.2.6. Mitigation options for production systems 

based on low quality feeds 
In developing countries like India and Ethiopia, crop 

residues are important basal feeds for ruminant feeding 

[6]. Technically mitigation options in feeding low quality 

feeds include chemical treatments like sodium hydroxide, 

urea and ammonia treatment and supplementation can be 

effective mitigation measures, but uptake of knowledge by 

farmer is very little.The most relevant mitigation option 

for small holder livestock system in developing countries 

is to increase individual animal productivity by providing 

better feed. 

3.4.1. Mitigation through manure management 
Several manure management practices have a significant 

potential for decreasing GHG emission from manure, like 

dietary management, storage, dietary manipulation, bio- 
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filtration, manure acidification, composting etc. 

Economically feasible mitigation options in the reduction 

of excess protein in the diet of ruminant and non- ruminant 

species exist, which can not only decrease manure 

ammonia and nitrous oxide emissions but also saves feed 

costs to the producer. Methane emission from anaerobic 

manure management can be readily reduced by existing 

technologies, through deep cooling of manure to below 10 

degrees centigrade. Bio-gas can achieve 50% reduction of 

methane from manure. Important way is rising animal N 

assimilation efficiency (14 percent against 50% for crops), 

through more balanced feeding. Improved feeding 

practices like grouping by gender and face production. 

Improving feed efficiency ratio by tailoring feed according 

to physiological requirement of livestock is also important. 

3.4.2, Animal husbandry mitigation practices 
Mitigation options that reduce GHG emissions include 

increasing herd productivity, and enhancing animal health 

and longevity, but application depends on political will, 

incentives for farmers and availability of resources. 

Enhancing animal productivity include animal genetics, 

feeding and reproduction, health and overall management. 

3.4.3. Animal genetics 
Improvement in animal genetics coupled with diet 

management can lead to significant reduction in methane 

emission [69]. The potential for using RFI as a selection 

tool for cow methane emitter is an interesting mitigation 

option. 

3.4.4. Animal health and longevity 
Improved animal health and  reduced  mortality and 

morbidity are expected to result in increased herd 

productivity, diluting the non-carbon dioxide emissions 

from unit product. Other animal husbandry practices 

include choice of breeding and mating strategy, enhanced 

fecundity and early weaning are some options. Optimizing 

the animal husbandry practices can be very successful 

strategy for mitigating GHG emissions from the livestock 

sector in both developed and developing countries. 

3.4.5. Interactions 
Interactions among animals, environment, and 

production on methane and carbon dioxide emissions are 

inevitable and complex, but must be considered when 

recommending GHG mitigation practices with utmost 

caution. When assessing mitigation measures one must 

consider the combined effect of interactions among 

animal-manure-soil-crop process related to whole farm 

[25]. 

3.5. Critical mitigation measures 
The livestock sector contribution to climate change 

necessitates comprehensive and immediate action by 

policy makers, producers, and consumers. Enhanced 

regulation is required in order to hold facilities 

accountable for their GHG emissions. Accurately pricing 

environmental services is the first step. Hitherto, most 

mitigation and prevention strategies undertaken by the 

livestock sector have focused on technical solutions. 

Researchers are investigating the reformulation of 

ruminant diets to reduce enteric fermentation and some 

methane emissions [12]. Plant-based bolus, formulated to 

reduce excessive fermentation and regulate the metabolic 

activity of rumen bacteria to reduce methane emissions 

from both the animals and their manure. The USDA and 

U.S. EPA assist in funding anaerobic digester projects 

domestically and abroad [68], [58]. They are, now in use 

at some large-scale intensive confinement facilities, 

capture methane from manure to use as a source of energy 

[51], but are not economically viable for small-scale farms 

[53]. In many countries, producers are burning animal 

waste for fuel. The world’s foremost pig producer, 

Smithfield Foods (Smithfield, VA), and the top poultry 

producers, Tyson Foods (Springdale, AR), are using 

animal by-product fats to create biofuels [34], [51]. As 

consumers increasingly favour more environmentally 

friendly products and techniques, reducing consumption of 

meat, eggs and milk, as well as choosing more sustainably 

produced animal products, such as those from organic 

systems. Organic farming has the potential to reduce GHG 

emissions and sequester carbon [30]. Raising cattle for 

beef organically on grass, in contrast to fattening confined 

cattle on concentrated feed, may emit 40% less GHGs and 

consume 85% less energy than conventionally produced 

beef [11], [15], [46]. There is an urgent need for global 

action by scientists, world leaders and individual 

consumers. Several recommendations were put forth, 

including the reduction of meat and milk intake by high-

income countries to curtail global greenhouse-gas 

emissions [46].  

Globally livestock contribution to environmental 

problems is very severe and massive and need to be 

addressed with urgency and at reasonable cost. By 2050, 

livestock production is expected to double from present 

levels. There is an emerging need to develop suitable 

institutional and policy frame works to put in place at 

local, national and international levels for the suggested 

changes to occur. It requires strong political will, 

commitment and increased knowledge and awareness of 

environmental risks. The environmental impacts of 

livestock require that governments, international 

organizations, producers, and consumers focus more 

attention on the role played by meat, egg, and dairy 

production sector. Mitigating and preventing the 

environmental harms caused by this sector require 

immediate and substantial changes in regulation 

production, practices, and consumption patterns on a long 

term sustainable basis. 
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