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Abstract 
Livestock farming in India is one of the significant anthropogenic sources of methane (CH4) emission. 

The present study as an effort to review and analyze the present status of methane emission by the Indian 

livestock. The anaerobic conditions of the large fore stomach of the rumen lead to release of methane as a 

by-product from the digestive system, which shares about 90% of the methane contributed by livestock, 

with other 10% generated through reaction from manure heaps. The impact of the climate change on the 

livestock productivity, breeding performance and disease threats has also been highlighted. 
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Introduction 

The increasing concentration of greenhouse gases (GHG) in the atmosphere, largely leading to 

the phenomenon of climate change, has been a major concern of whole world today. Carbon 

dioxide (CO2), methane (CH4) and Nitrous oxide (N2O) have been the major greenhouse gases 

contributed from the anthropogenic sources. It is the activity of incoming and outgoing GHG 

which are leading to the warming and cooling of earth surface respectively. Although 

increasing GHG production has been posing threat to the life on the universe, it is also 

recognized that their absence would lead to bring down the average temperature of earth's 

surface to about -18°C [1]. Therefore, for survival of life on earth, the heating effect is vital. 

However, it is the rapid increase in the concentration of these gases which are causing the 

impact of climate change and also global warming. Atmospheric methane (CH4) has been 

recognized the second most important greenhouse gas, only after CO2, playing significant role 

in global warming and climate change, executing the photochemistry of the troposphere and 

stratosphere.  

At present, methane contributes about 20% of anthropogenic radiative, only after carbon 

dioxide at 60% [2]. However, as it is about 25 times more potent in trapping atmospheric heat 

than the CO2, it has perceived greater concern over these years. However, comparatively low 

persistence period of about 10 years, compared to thousands of years in case of CO2 in the 

atmosphere, has led to increased global attention for implementing the emission reduction 

programmes for the methane. The human-related activities, predominantly agriculture and 

fossil fuel use, are pointed at increasing trend of methane concentration [3]. While the natural 

sources estimated to contribute about 40% of the global methane emissions and among them 

wetlands, termites and oceans have been the primary sources; the anthropogenic interventions 

contribute 64% of the total [4]. Application of organic and inorganic inputs to the soil, 

decomposition of biomass and plant residues, crop production and livestock rearing have been 

the principal sources of emissions from agriculture [5]. Within agriculture sector livestock is 

contributing to a major share of methane, emitted mainly by two processes i.e. enteric 

fermentation and manure management. Further, the quantity of methane generation also 

depends on the type of animal, kind and amount of consumed feed and the nature of waste 

management.  

 

Methane Emission associated with livestock production systems 

Globally, the livestock sector contributes to the livelihoods of over one billion poorest 

population and employs as many as 1.1 billion people [6]. Further, the livestock products, viz., 

milk and meat are recognized as the important agricultural commodities for global food and 
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nutritional security, and providing 33% of global protein 
consumption [7]. In India, livestock production system has 
been an important component of allied agriculture and is 
continued to be a major means of livelihood in the rural 
fronts, and assuring nutrition, income and employment. Its 
share to the agricultural GDP in the country has been on the 
gradual rise over the years. It is estimated that livestock 
contributes about 27% to the country’s agricultural GDP and 
employs 8% of the labour force. With 535 million livestock 
population at present (20th National Livestock Census), India 
ranks first i.e. about 13% of the world’s total livestock 
population. It ranks first with regard to the bovine (cattle and 
buffalo), second in goat and third in sheep populations in the 
world.  
There are significant differences in the methane emissions 
calculated by different approaches, thereby emphasizing the 
requirement for further verification for the country. 
EDGAR2010 (Emissions Database for Global Atmospheric 
Research v4.2 FT 2010) estimated India’s anthropogenic 
emissions to be 29.6 Tg/yr with ~44%, 20%, 19% and 12% of 
which contributed by ruminants, waste (solid and 
wastewater), rice paddies and fossil fuels, respectively. 
According to the BUR (Biennial Update Report) of India to 
the United Nations Framework Convention on Climate 
Change (UNFCCC) in 2010, the total emissions were reported 
as 19.8 (13.6–26.0) Tg/yr, with ruminants contributing as 
much as 55%, followed by rice (17%), fossil fuel (13%) and 
waste (12%). To quantify the methane emissions from India 
between 2010 and 2015 and to investigate sources of 
discrepancies between the two inventories (EDGAR2010 and 
BUR), [8] used a combination of aircraft (passenger aircraft 
observations from CARIBIC - Civil Aircraft for the Regular 
Investigation of the atmosphere Based on an Instrument 
Container), satellite (GOSAT - Greenhouse Gases Observing 
Satellite) and surface observations and estimated the average 
emissions to be 22.0 (19.6–24.3) Tg/yr using the approach of 
a high-resolution regional atmospheric transport model and a 
hierarchical Bayesian inverse modelling framework. Although 
these emissions data were similar to the India’s reports to the 
UNFCCC but were about 30% lesser than the global 
methane inventory, EDGAR2010). According to [9], the 
agriculture sector (enteric fermentation, manure management, 
rice cultivation) accounts for 61% of the total methane 
emissions in India, with 40% coming from enteric 
fermentation, 17% from rice cultivation and 4% from manure 
management. 
The rumen, a large fore stomach, which under anaerobic 
conditions produces methane as a by-product of the feed 
digestion system, with a continuous process of fermentation 
[10]. Methanogenesis, also known as biomethanation, is a 
microbial metabolic process of anaerobic respiration of 
formation of methane with reduction of carbon dioxide (CO2

) 
by hydrogen (H2

) with help of the methanogen microbes viz., 
bacteria, viruses, fungi, protozoa and others. Estimation of 
methane emission by various studies indicate wide variations 
in the output by the Indian livestock, as most of these are 
based on theoretical calculations and without any systematic 
experiments [11]. In general, cattle and buffalo produce about 
200-250 liter and sheep and goat produce about 30-40 liter of 
methane per day [12]. 
Enteric methane emission was found to be about 10.08 Tg/yr 
in 1994 [13]. Using the livestock census of 2003 with 
population of 485 million and country-specific Indian feed 
standard based emission coefficients, [14] had estimated total 
enteric methane emission of 10.65 Tg/yr, which accounted 
~91% of the total methane emissions and manure 

management of livestock accounted for only 9% or 1.09 
Tg/yr. According to them, out of total methane emission of 
11.75 Tg/yr from the livestock, cattle and buffalo are the 
major contributor (10.9 Tg/yr) compared to 0.86 Tg/yr 
emission from other livestock. The three high methane emitter 
states are Uttar Pradesh (14.9%), Rajasthan (9.1%) and 
Madhya Pradesh (8.5%). Following different approaches, [15] 
estimated the enteric methane emission ranging 9.0-13.2 
Tg/yr from the Indian livestock with the base year as 1997. 
Further, [16] estimated enteric methane emission of 14.3 Tg/yr 
for the year 2010 and projected the same to be 15.8 Tg/yr and 
18.8 Tg/yr by 2025 and 2050 respectively. As per his 
estimate, cattle rank first in contributing enteric methane 
emission of about half (49.1%) of total enteric methane, 
followed by buffalo (42.8%), goat (5.38%), sheep (2.59%) 
and others (0.73%). 
Using a dynamic approach based on the STELLA software 
along with a developed mathematical models, [17] estimated 
methane emissions in India for a 25 year period (2007-2032) 
under six different scenarios following IPCC emission 
guidelines. Under modified scenarios the results indicated the 
emissions range from 13.85 Tg/yr in 2007 to 16.62 Tg/yr in 
2032. The highest emission was observed in buffalo (1155 kg 
CO2e CH4/head/yr) followed by cattle (672 kg CO2e 
CH4/head/yr) and goats and sheep (105 kg CO2e CH4/head/yr) 
in all scenarios. 
ICAR-NIANP in collaboration with several partner 
organizations recently has developed a state-wise inventory of 
enteric methane emission from livestock of the country which 
showed to be 9.253 Tg [18]. The study showed that Uttar 
Pradesh (16.42%), Rajasthan (8,75%), Madhya Pradesh 
(8.54%), undivided Andhra Pradesh (7.87%) and Maharashtra 
(7.57%) to be major contributor to the country’s total enteric 
methane emission. 
The emission of methane also taken place through reaction 
from manure heaps, which is similar to enteric fermentation. 
The cellulose content of the manure is degraded by the 
microbes in the process of methanogenesis [19]. Manure 
generated from livestock production systems is generally 
dumped as such at one place in solid form before transferred 
to the agricultural land. Low digestibility of dietary nutrients 
may subject to generation of higher amount of fermentable 
organic matter in the manure, which can lead to increased 
production methane in the manure. Sometimes, the wastes are 
also subjected to composting before application in agriculture 
land or digested anaerobically to produce methane gas to be 
used as biofuel for cooking. Annual methane emissions from 
manure management from Indian livestock were estimated 
through several studies, viz., 0.91 Tg/yr in 1997 [15] and 1.13 
Tg/yr in 2010 [16]. 
Although livestock farming system is accused as major reason 
for anthropogenic source of methane emissions, research 
results have shown that the intensive rice cultivation in the hot 
climate with continuous water flooding is also a great source 
of methane emission, caused through anaerobic 
decomposition of organic material [20] and burning of huge 
quantity of the straw. In India, methane emission is also 
observed to be on increase in the months of June-September 
coinciding with paddy harvesting.  
 

Impact of environmental stress on livestock production  
The most significant direct impact of climate change on 
livestock production has been the heat stress, which largely 
lead to reduction in reproductive efficiency, increase in 
disease incidence, and reduction in growth of the animals and 
milk production, resulting in significant economic loss to the 
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livestock keepers. It is envisaged that the scenario is likely to 
be more pronounced in coming years. The climate change 
event like drought also likely to incur indirect impacts on the 
livestock production systems through reduced availability of 
feed and fodder, and also water. Extremely high temperature 
coupled with high humidity or intense heat waves results in 
high production losses and sometimes also death of the 
livestock. 

Increase of environmental temperature would lead to increase 

in number of stressful days (Temperature Humidity Index, 

THI > 80), affecting milk production in dairy animals. 

Further, it is envisaged that the productive animals are likely 

to be affected much more [21]. The study showed decline in 

milk yield varied from 10-30% in first lactation and 5-20% in 

subsequent lactation period in Murrah buffaloes. Further, 

according to their estimate the annual loss due to direct 

thermal stress on livestock is about 1.8 million tonnes of milk, 

i.e. about 2% of the country’s total milk production. The 

performance of Holstein cattle crossed with local cattle breeds 

in tropics and subtropics found to be more resistant to the heat 

stress over the pure breed of Holstein cattle [22]. Heat stress 

has been found to be associated with increase in embryonic 

mortality and impairment of embryo development in cattle. 

Further, during pregnancy period it slows down the growth of 

fetus and may lead to increase fetal loss.  

The substantial variation in precipitation and extreme weather 

events mediated by climate change have increased the chance 

of emergence of new pathogenic microbial strains, leading to 

incidence of new disease outbreaks in livestock and poultry. 

Re-emergence of certain animal diseases, besides spreading of 

temperate ones to tropical regions and vice versa have also 

been reported in recent years. The unusual change in 

temperature and humidity scenario likely to impact on the 

transmission vectors such as mosquitoes, flies, lice, mites and 

ticks and thereby the epidemiology of several of the vector-

borne diseases [23]. The spread of diseases like Avian 

Influenza and Swine Flu is also expected to be mediated by 

the climate change impacts, largely impacting the production 

systems and also overall economy of the farmers.  

 

Conclusion  

Livestock sector in India has emerged as an important engine 

for steady agricultural growth and enhancing income of the 

famers. The sector has long been a crucial driver of 

employment generation and livelihood opportunities. Further, 

the population dependent on livestock sector is growing faster 

in comparison to agriculture sector. In order to meet the ever-

increasing demand of food and achieving nutrition from 

animal source there have been substantial growth in livestock 

population over the years, leading to increase in methane 

emission levels, not only in the country but also globally. The 

harmful impact of methane emission to the environment has 

been a global concern, which although is not possible to 

eliminate, however, can be substantially reduced through 

having appropriate balance of livestock population and 

following different scientific mitigation strategies and thereby 

reducing the overall greenhouse generation and also climate 

change impacts.  
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