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Introduction 

 

Livestock contribute 14.5 percent of the total 

annual anthropogenic greenhouse gas (GHG) 

emissions globally (Gerber et al., 2011). 

Livestock influence climate through land use 

change, feed production, animal production, 

manure, and processing and transport. Feed 

production and manure emit carbon dioxide 

(CO2), nitrous oxide (N2O), and methane 

(CH4), which consequently affect climate 

change. Processing and transport of animal 

products and land use change contributes to 

the increase of CO2 emissions. The animal 

production system, which is vulnerable to 

climate change, is itself a large contributor to 

global warming through emission of methane 

and nitrous oxide. Mainly there are two 

sources of GHG emissions from livestock: (a) 

from the digestive process: Methane is 
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Livestock production system is a contributor to the climate change. 

Responding to the challenge of climate change requires formulation of 

appropriate long term adaptation strategies and mitigation options for the 

livestock sector. Factors affecting variability in enteric CH4 production 

requires urgent attention and efforts to decrease the uncertainty in GHG 

emission inventories. It is very essential to identify viable GHG reduction 

strategies. Clarity is required concerning the benefits of livestock, the 

negative impacts they can have on greenhouse-gas emissions and the 

environment, and the effects of climate change on livestock system. 

Although the reduction in GHG emissions from livestock industries are 

seen as high priorities, strategies for reducing emissions should not reduce 

the economic viability of enterprises. 
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produced in herbivores as a by-product of 

„enteric fermentation‟ a digestive process by 

which carbohydrates is broken down by 

micro-organisms into simple molecules for 

absorption into the blood stream (b) from 

animal wastes: Animal wastes contain organic 

compounds such as carbohydrates and 

proteins. During the decomposition of 

livestock wastes under moist, oxygen free 

(anaerobic) environments, the anaerobic 

bacteria transform the carbon to methane. 

Animal wastes also contain nitrogen in the 

form of various complex compounds. The 

microbial processes of nitrification and de-

nitrification forms nitrous oxide, which is 

emitted to the atmosphere. 

 

The GHG emissions from the agriculture 

sector account for about 25.5 percent of total 

global radioactive forcing and over 60 percent 

of anthropogenic sources (FAO, 2009). 

Animal agriculture is responsible for 18 

percent of greenhouse gas (GHG) emissions 

(9% CO2, 37% methane and 65% N2O) (FAO, 

2006). Ruminants (cattle, sheep and goats) 

account for a large share of total livestock 

emissions, because they are less efficient in 

converting forage into useful products than 

monogastrics (pigs and poultry). GHG 

emissions includes methane CH4 emission 

from enteric fermentation and manure 

management, nitrous oxide N2O emission 

from animal manure and CO2 emission from 

land-use change caused by demand for feed 

grains, grazing land and agricultural energy 

and as much as 37 percent of anthropogenic 

methane emission from the agriculture sector 

(FAO, 2006).  

 

Enteric fermentation 

 

Emission of CH4 is responsible for nearly as 

much radiative forcing as all other non-CO2 

GHGs combined (Beauchemin and McGinn, 

2005). Recent estimation of livestock 

methane production using IPCC methodology 

indicates that the total methane emitted due to 

enteric fermentation and manure of 485 

million heads of livestock was 9.37 Tg/ 

annum for the year 2003. The other livestock 

with minor population consisting only 2 

percent (0.15 Tg) of total emission from 

livestock sector. The ruminants, both small 

and large, were the main contributors (98%) 

to the enteric methane emission in India. In 

India more than 90 percent of the total 

methane emission from enteric fermentation 

is being contributed by the large ruminants 

(cattle and buffalo) and rest from small 

ruminants and others (Swamy and 

Bhattacharya, 2006). The major contributors 

to methane emission were indigenous, 

crossbred cattle, buffalo and sheep & goat 

accounting 40, 8, 40 and 10 percent, 

respectively. Initial microbial breakdown 

(essential in ruminant digestion) occurs in the 

rumen, or large fore-stomach, where 

microbial fermentation converts fibrous feed 

into products digested and utilized by the 

animal (Boadi et al., 2004; USDA, 2004). 

Rumination promotes digestion of cellulose 

and hemicelluloses through hydrolysis of 

polysaccharides by microbes and protozoa, 

which is followed by microbial fermentation 

generating H2 and CO2. Methane is produced 

as a by-product of enteric fermentation and 

carbohydrate digestion and is expelled 

through the mouth via eructation (Monteny et 

al., 2001). Amount of feed consumed and its 

digestibility are two important factors, which 

determine the total methane production. The 

livestock characteristics (age, weight and 

species), health and living conditions 

influence the energy requirement. Higher 

methane production results from higher 

energy requirement and feed intake. On 

average Indian cattle produces about 35 

kg/annum methane as compared to 95 

kg/annum for dairy cows in Germany 

(Crutzen et al., 1986; Sirohi and 

Michaelowa,2007) due lower energy 

requirement. The lowest annual methane 
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production for dairy (180 kg/herd) and non-

dairy cattle was reported in Indian 

subcontinent (Sharma et al.,2006) while 

comparing with north America, western 

Europe, eastern Europe, Oceania, Africa and 

middle east. Lactating animals comprising of 

buffaloes and cattle contributed 3.42 Tg with 

a major share of 2.04 Tg from lactating 

buffaloes (Upadhyay et al., 2009). The 

contribution of milch buffaloes was 59.6, 

crossbred cows 11.4 and indigenous cows 

28.9 percent to the total emissions from dairy 

animals (Upadhyay et al., 2009). Singhal et 

al., (2005) reported total emission of methane 

from Indian livestock as 10.08 MT 

considering different categories of ruminants 

and type of feed resources available in 

different zones of the country. Although goats 

are the dominant livestock with a population 

share of 33.1 percent, but contribution to the 

CH4 emission is only 0.14 Tg/ year or 4.5 

percent by this species.  

 

Livestock manure management 

 

Livestock manure is primarily composed of 

organic material and water. Under anaerobic 

conditions, the organic material in the 

livestock manure is decomposed by anaerobic 

and facultative bacteria resulting into 

formation of CH4, CO2 and stabilized organic 

material. Livestock manure management is 

also a significant source of CH4 emission 

(Swamy and Bhattacharya, 2006). The 

management of animal manure can produce 

anthropogenic CH4 via anaerobic 

decomposition of manure and N2O via 

nitrification and denitrification of organic N 

in animal manure and urine (Bouwman, 

1996). Typically, when livestock manure is 

stored or treated in lagoons, ponds, or tanks 

(i.e., anaerobic conditions), CH4 emissions are 

produced in higher amounts than when 

manure is handled as a solid (e.g., stacks or 

dry lot corrals), or deposited on pasture where 

aerobic decomposition occurs thereby 

reducing CH4 emissions. Both CH4 and N2O 

production are influenced by multiple 

variables including climate, soil conditions, 

substrate availability, and land management 

practices (Chen et al., 2008). The total global 

CH4 emissions from livestock manure 

management have been estimated as 9.3 

Tg/year, of which the developed countries 

contribute about 52 percent. The different 

manure management practices in India, as 

compared to the western countries, lead to 

much lower methane emissions from manure. 

Cattle and buffalo manure is extensively used 

in the country as fuel and is largely managed 

in dry systems. The emissions for India are 

estimated to be 1.27 Tg in the year 1994 

(Singhal and MadhuMohini 2002). India‟s 

contribution to nitrous oxide emissions from 

manure management in 1990 is estimated to 

be 0.017 Tg/year, which is projected to 

increase to 0.022 Tg by 2020. 

 

Adaptation and Mitigation Strategies 

 

Adaptation strategies can improve the 

resilience of crop and livestock productivity 

to climate change (USDA, 2013). Mitigation 

measures could significantly reduce the 

impact of livestock on climate change (Dickie 

et al., 2014). Adaptation and mitigation can 

make significant impacts if they become part 

of national and regional policies (FAO, 2009).  

 

Adaptation measures involve production and 

management system modifications, breeding 

strategies, institutional and policy changes, 

science and technology advances, and 

changing farmers‟ perception and adaptive 

capacity (IFAD, 2010; Rowlinson et al., 

2008; USDA, 2013). Research is needed on 

assessments for implementing these 

adaptation measures and tailoring them based 

on location and livestock system. This could 

be accomplished with GIS and remote sensing 

technologies applicable at broad and local 

scales (Thornton et al., 2009). 
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Livestock production and management 

systems  

 

An adaptation such as the modification of 

production and management systems involves 

diversification of livestock animals and crops, 

integration of livestock systems with forestry 

and crop production, and changing the timing 

and locations of farm operations (IFAD, 

2010). Diversification of livestock and crop 

varieties can increase drought and heat wave 

tolerance, and may increase livestock 

production when animals are exposed to 

temperature and precipitation stresses. In 

addition, this diversity of crops and livestock 

animals is effective in fighting against climate 

change-related diseases and pest outbreaks 

(Batima et al., 2005; IFAD, 2010; 

Kurukulasuriya and Rosenthal, 2003).  

 

Agroforestry as a land management approach 

can help maintain the balance between 

agricultural production, environmental 

protection and carbon sequestration to offset 

emissions from the sector. Agroforestry may 

increase productivity and improve quality of 

air, soil, and water, biodiversity, pests and 

diseases, and improves nutrient cycling (Jose, 

2009; Smith et al., 2012).  

 

Changes in mixed crop-livestock systems are 

an adaptation measure that could improve 

food security (Herrero et al., 2010; Wani et 

al., 2009). This type of agricultural system is 

already in practice in two-thirds of world, 

producing more than half of the milk, meat, 

and crops such as cereal, rice and sorghum. 

Changes in mixed crop-livestock systems can 

improve efficiency by producing more food 

on less land using fewer resources, such as 

water (Steinfeld et al., 2006). 

 

Improving feeding practices as an adaptation 

measure could indirectly improve the 

efficiency of livestock production (Havlík et 

al., 2013). Some of the suggested feeding 

practices include, modification of diets 

composition, changing feeding time and/or 

frequency, incorporating agroforestry species 

in the animal diet and conservation of feed for 

different agro-ecological zones (Renaudeau et 

al., 2012). These practices can reduce the risk 

from climate change by promoting higher 

intake or compensating low feed 

consumption, reducing excessive heat load 

(Renaudeau et al., 2012).  

 

Shifting locations of livestock and crop 

production could reduce soil erosion and 

improve moisture and nutrient retention 

(Kurukulasuriya and Rosenthal, 2003). 

Another adaptive measure could be adjusting 

crop rotations and changing timing of 

management operations (e.g. grazing, 

planting, spraying, irrigating). This measure 

can be adapted to changes in duration of 

growing seasons, heat waves and precipitation 

variability.  

 

Breeding strategies  

 

Changes in breeding strategies can help 

animals increase their tolerance to heat stress 

and diseases and improve their reproduction 

and growth development (Rowlinson, 2008). 

Therefore, the challenge is in increasing 

livestock production while maintaining the 

valuable adaptations offered by breeding 

strategies, all of which will require additional 

research (Thornton et al., 2009). In addition, 

policy measures that improve adaptive 

capacity by facilitating implementation of 

adaptation strategies will be crucial (USDA, 

2013). For example, developing international 

gene banks could improve breeding programs 

and serve as an insurance policy, such as has 

been done for plants with the In-Trust plant 

collections in the CGIAR gene banks 

(Thornton et al., 2009). This would be a 

major breakthrough that requires significant 

investment and international collaboration to 

succeed. 



Int.J.Curr.Microbiol.App.Sci (2019) 8(9): 1099-1107 

1103 

 

Adaptation capability of farmer 

 

One of the limiting factors for these changes 

to succeed is the disposition and capability of 

farmers to recognize the problem and adopt 

climate change adaptation and mitigation 

measures. Because of this, it is important to 

collect information about farmers‟ 

perceptions to mitigation and adaptation 

measures. One approach for collecting 

information about farmers‟ perceptions that 

has been used for mitigation and adaptation 

research is qualitative; using open-ended 

survey questions or group discussion at 

workshops to understand individual and group 

opinions (Barnes et al., 2013). By 

understanding farmers‟ perceptions and 

including them in rural policy development, 

there is a greater chance of accomplishing 

food security and environmental conservation 

objectives (Oliver et al., 2012).  

 

Mitigation strategies 

 

Agriculture was responsible for 10–12 percent 

of total global non-CO2 greenhouse gas 

(GHG) emissions in 2005, but emissions of 

CH4 and N2O increased globally by nearly 17 

percent from 1990 to 2005, with both gases 

contributing equally to the increase (Smith et 

al., 2007). Enteric CH4 fermentation 

accounted for about 32 percent of total non-

CO2 emissions from agriculture in 2005 

(Smith et al., 2007). If CH4 emissions grow in 

direct proportion to projected increases in 

livestock numbers, then global CH4 emissions 

from livestock production are expected to 

increase 60 percent by 2030 (FAO, 2009). 

Given the contribution of CH4 to global GHG 

production, there have been several recent 

reviews of mitigation strategies to reduce 

enteric CH4 emissions from livestock (Eckard 

et al., 2010). Reducing the increase of GHG 

emissions from agriculture, especially 

livestock production should therefore be a top 

priority, because it could curb warming fairly 

rapidly (Sejian et al., 2010). Several options 

have been considered for mitigating methane 

production and emitting in atmosphere by the 

livestock. All approaches points towards 

either reduction of methane production per 

animal or reduction per unit of animal product 

(Johnson et al., 2002). Methane has relatively 

short life (10-12 years) in the atmosphere as 

compared to other GHGs, for example CO2 

has 120 years and therefore strategies to 

reduce the methane in atmosphere offer 

effective and practical means to slow global 

warming (Turnbull and Charme, 2001).  

 

Control of livestock population 

 

Increase in animal productivity can be 

achieved through improvements in animal 

genetics, feeding, reproduction, health, and 

overall management of the animal operation. 

In the Netherlands, with increase in milk 

production per cow from 6,270 kg in base 

year 1990 to 8.350 kg in 2008, CH4 

production was decreased from 17.6 to 

15.4g/kg FPCM, respectively (Bannink et al., 

2011). Blummel et al., (2009) estimated that 

increasing milk yield per animal in India from 

the national average of 3.6 kg to 9.0 kg/day 

was possible using currently available feed 

resources, and this would potentially reduce 

CH4 production in the country from 2.29 to 

1.38 Tg/yr.  

 

Sheep population has been reduced from 57.9 

million in 1990 to 45.2 million in 2000, while 

dairy cattle and beef cattle population have 

increased slightly. The net outcome was a 

decline in ruminant CH4 emission from 1.45 

to 1.31 Tg/year from 1990 to 2000 (Sejian et 

al., 2011). 

 

Optimal animal nutrition 

 

Dietary manipulation through increased green 

fodder decreased methane production by 5.7 

percent (Singhal and MadhuMohini 2002). 
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Ruminant production systems based on 

concentrate feeds are reportedly more 

efficient from the animal perspective and emit 

less GHG per unit of product (Pelletier et al., 

2010).Increasing the concentrate in the diet of 

animals reduced methane by 15–32 percent 

depending on the ratio of concentrate in diet 

(Singhal and MadhuMohini 1999). Bell et al., 

(2011) demonstrated that improvements in 

feed efficiency and milk production can 

significantly reduce GHG emissions and land 

use of the dairy herd. However, selection for 

high milk production and decreased 

productive life, increased death rate, and 

decline in fertility need to be avoided 

(Norman et al., 2009). Organic dairy 

production systems have generally higher 

GHG emission than conventional dairy 

systems (Heller and Keoleian, 2011). Field 

experiments in India showed that dietary 

manipulation through increased green fodder 

decreased methane production by 5.7 percent 

(Singhal and MadhuMohini 2002). 

 

Feeding management 

 

Composition of diet has the effect on the 

rumen microbial ecosystem so any 

manipulation in the diet by means of forage, 

concentrate and their components results in 

change in the microbial community and may 

decrease or inhibit activity of methanogenic 

bacteria. There are several strategies which 

can be used to reduce methane production 

from livestock. 

 

Methane Inhibitors tested in vivo were 

bromo-chloromethane (BCM), 2-bromo-

ethenesulfonate (BES), chloroform and 

cyclodextrin reduced methane production by 

up to 50 percent in cattle and small ruminants 

(Knight et al.,2011) 

 

Ionophore antibiotics such as monensin are 

known to decrease methane production 

(typically used to improve animal efficiency 

for production) (Beauchemin et al.,2008). 

 

Feeding of nitrate can also decrease enteric 

methane production by up to 50 percent 

(Hulshof et al., 2012). 

 

In conclusion, all these strategies call for 

formulation of long-term policies at 

government level and significant investment 

in the livestock production and processing 

industry; which may help in improvement and 

boost of livestock production. 
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