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Introduction:

Livestock farming has been an integral part
of Indian agriculture for centuries, providing not
only income but also food security and nutrition for
millions of smallholder farmers. However, the
livestock sector today faces unprecedented
challenges due to the escalating impacts of climate
change. At the same time, livestock contributes
significantly to greenhouse gas (GHG) emissions,
which further exacerbates environmental problems.
In this article, we explore the complex relationship
between livestock farming and climate change in
India and discuss practical, science-based
strategies under the framework of Climate Smart
Livestock Farming (CSLF) to build resilience and
sustainability.

The Interconnection Between Agriculture,
Livestock, and Climate Change in India

In India, agriculture and livestock are
closely intertwined. More than 70% of rural
households depend on livestock for their
livelihoods and nutritional needs. However,
climate change is severely affecting both sectors.
Increasing incidents of droughts, floods, and rising
temperatures have reduced crop and fodder
availability, leading to shortages in feed and water
for livestock (Ahmad et al., 2019). These adverse
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climate events also increase the vulnerability of
animals to diseases and heat stress, which in turn
affect their productivity and reproductive
performance (Singh et al., 2020).

At the same time, livestock farming
contributes significantly to climate change.
Globally, the livestock sector is responsible for
approximately 14.5% of all anthropogenic
greenhouse gas emissions (Gerber et al., 2015).
This includes emissions from methane (CHa),
mainly produced during enteric fermentation in
ruminants, and nitrous oxide (N20) released from
manure management. Methane is a particularly
potent greenhouse gas, with a global warming
potential about 23 times that of carbon dioxide
(CO2) over a 100-year period.

As the demand for animal-sourced foods
continues to rise, driven by population growth and
changing dietary preferences, the livestock sector
faces the dual challenge of increasing productivity
while reducing its environmental footprint. This
makes the adoption of Climate Smart Livestock
Farming practices not only desirable but essential
for India's agricultural future.

Impact of Climate Change

Livestock animals are homeothermic,
meaning they maintain a constant internal body
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temperature. However, when exposed to high
environmental temperatures and humidity, animals
experience heat stress, which can severely affect
their health and productivity. The Temperature-
Humidity Index (THI) is a commonly used measure
of heat stress in livestock. A THI above 74 begins
to stress dairy cattle, while a THI exceeding 84
constitutes a heat emergency, impairing animal
welfare and performance.

Milk Production: One of the most immediate
impacts of heat stress is the reduction in milk yield.
High-producing dairy cows and buffaloes are
particularly vulnerable to heat, leading to
significant production losses. Studies estimate that
India loses nearly 1.8 million tonnes of milk
annually due to thermal stress, translating to
economic losses of over 22,600 crores (Upadhaya
et al., 2009). This reduction is especially critical as
milk is a primary source of nutrition for millions of
rural families.

Reproduction: Heat stress also negatively impacts
livestock reproduction. It reduces estrus intensity,
lowers conception rates, slows fetal growth, and
extends calving intervals in female animals. In
males, heat stress decreases sperm quantity, quality,
and motility, leading to reduced fertility. The
fertility of bulls is particularly compromised during
summer months (Krishnan et al., 2017), which can
have cascading effects on herd productivity.

Feed and Fodder Scarcity: Climate change leads
to irregular rainfall patterns and droughts, which in
turn reduce the quantity and quality of feed and
fodder available for livestock. Prolonged dry spells
can cause crop failures and diminish natural
grazing resources, resulting in malnutrition and
increased mortality rates among animals. This
feeds scarcity also forces farmers to rely on costly
concentrates, adding to their economic burden.

Incidence of Diseases: Changing climatic
conditions broaden the geographic range and
activity period of vectors such as ticks, mosquitoes,
and flies, increasing the incidence of livestock
diseases. The proliferation of pathogens is
influenced by shifts in humidity, rainfall, and wind
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patterns, heightening the risk of disease outbreaks.
This poses a major challenge to animal health and
welfare and requires effective disease surveillance
and management systems.

Livestock’s Contribution to Greenhouse Gas
Emissions

The livestock sector’s contribution to
climate change is significant. Globally, livestock
emissions account for around 14.5% of human-
induced GHG emissions (FAO, 2006). These
emissions stem primarily from:

Methane (CHs): Produced mainly through enteric
fermentation in ruminants such as cattle, buffalo,
sheep, and goats, methane accounts for about 37%
of livestock-related GHG emissions.

Nitrous oxide (N:0): Generated largely from
manure management, this gas contributes
approximately 65% of livestock emissions.

Carbon dioxide (CO:): Land-use changes for
livestock grazing and feed crop production account
for about 9% of emissions.

In India, cattle and buffalo contribute over
90% of methane emissions from enteric
fermentation, with indigenous breeds and buffalo
being the largest contributors, each accounting for
around 40% of emissions (Upadhaya et al., 2009).
Total methane emissions from Indian livestock are
estimated at approximately 9.92 + 2.37 teragrams
per year (Tg/year), mostly from enteric
fermentation (Jha et al., 2011). The highest
emissions come from states with large livestock
populations like Uttar Pradesh, Maharashtra,
Rajasthan, and Andhra Pradesh. Interestingly,
Indian cattle emit less methane on average (\~35
kg/year) compared to European dairy cows (\~95
kg/year) due to differences in feed intake and
energy requirements. However, the large number of
animals in India still results in substantial total
emissions.

Principles of Climate Smart Livestock Farming

Climate Smart Livestock Farming (CSLF)
is an approach that integrates multiple strategies to
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improve livestock productivity while reducing
environmental impacts and enhancing resilience to
climate change. It aligns with the broader concept
of Climate Smart Agriculture (CSA), which
focuses on achieving three main goals:

1. Increasing productivity and incomes in a
sustainable manner.

2. Enhancing resilience and adaptive capacity
to climate variability.

3. Reducing greenhouse gas emissions and
environmental footprint.

CSLF combines scientific innovation with
traditional knowledge, digital tools, and supportive
policies to achieve these goals. Below, we discuss
key strategies that form the backbone of CSLF.

Precision Livestock Farming for Resource
Optimization

Precision Livestock Farming (PLF) uses
advanced technologies such as sensors, drones,
cameras, and software analytics to monitor and
manage livestock more efficiently (Tripathi &
Bisen, 2019). These technologies enable real-time
tracking of animal health, feeding behavior, and
environmental conditions. Smart tags and collars
can alert farmers to signs of illness or distress,
allowing timely interventions. PLF also helps
optimize resource use by adjusting feed supply
according to animal needs, thereby reducing
wastage and methane emissions. Automated
systems can control lighting, ventilation, and
cooling in animal shelters to maintain comfortable
microclimates, improving animal welfare and
productivity.

Integrated Farming Systems for Risk Reduction
and Sustainability

Integrated Farming Systems (IFS) combine
livestock with crop cultivation, horticulture,
fisheries, and agroforestry to create diversified and
resilient production systems (Altieri et al., 2012).
By integrating multiple enterprises, farmers reduce
dependence on a single source of income and can
better withstand climate shocks.

%

@\'etemmntoda_\'_Intenmtional
veterinarytodayinternational @gmail.com
VETERINARYTODAY.IN

Raju and Sravanthi

Nutritional Interventions to Reduce Methane
Emissions

Feed quality and composition directly
influence methane emissions from enteric
fermentation. Improving feeding practices by
increasing green fodder availability and
supplementing concentrates can reduce methane
emissions by up to 32%. Feed additives such as
monensin and urea-molasses blocks improve
reduce methane

digestion efficiency and

production.

Additionally, providing animals with
essential minerals like potassium, sodium, and
magnesium, as well as vitamins A, E, and niacin,
helps animals cope with heat stress and maintain
productivity (Bell et al., 2011).

Breeding and Genetic Improvement for Climate
Resilience

Selective breeding of animals that are
tolerant to heat, disease, and feed scarcity is critical
for long-term adaptation to climate change.
Marker-assisted  selection  accelerates  the
identification of desirable traits and helps produce
resilient breeds (Behera et al., 2019).

Effective Manure Management

Manure management is a major opportunity
to reduce GHG emissions from livestock.
Unmanaged manure emits methane and nitrous
oxide, but converting it through anaerobic
digestion into biogas captures methane for energy
use, reducing emissions and providing a renewable
fuel source for rural households (Singh & Rashid,
2017). The leftover slurry is a nutrient-rich organic
fertilizer that enhances soil fertility and crop yields.

Climate-Resilient Livestock Housing and
Management

Livestock shelters designed to reduce heat
stress can improve animal welfare and productivity.
Structures with adequate ventilation, reflective
roofing materials, shading, and fogging systems
maintain cooler microclimates (Singh et al., 2020).
Proper orientation of animal sheds along the north-
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south axis and planting of shade trees further
enhance thermal comfort. Good housing reduces
energy expenditure by animals, allowing more
resources to be diverted toward growth and milk
production,
profitability.

ultimately increasing farm

Digital Technologies for Early Warning, Disease
Control, and Farmer Support

Digital tools are transforming livestock
management by enabling early warning systems for
extreme weather events, disease outbreaks, and
feed shortages. Mobile apps and social media
platforms connect farmers with extension agents
and peer networks, facilitating rapid dissemination
of climate-smart practices (Kadzere, 2019).

Strengthening Extension and Advisory Services
for Climate Smart Livestock

Extension services are the primary link
between research innovations and farmers. To
promote CSLF effectively, extension agents must
be trained in climate-smart practices and equipped
with relevant information (FAO, 2013). Using
focus group discussions, mass media campaigns,
training workshops, and digital content, extension
workers can raise awareness and build capacity
among farmers. Providing accessible literature,
demonstration farms, and participatory learning
opportunities encourages adoption of resilient
technologies and practices.

Conclusion

Climate Smart Livestock Farming offers a
sustainable pathway to address the dual challenges
of increasing livestock productivity and mitigating
climate change impacts in India. By adopting
integrated approaches ranging from precision
farming and improved nutrition to genetic
resilience, effective manure management, and
climate-resilient housing, farmers can enhance
animal health, reduce greenhouse gas emissions,
and secure their livelihoods against climate
variability. Coupled with strengthened extension
services and digital innovations, these strategies
empower smallholder farmers to build resilient,
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productive, and environmentally responsible
livestock systems. Moving forward, widespread
adoption of CSLF will be crucial for ensuring food
security, rural prosperity, and ecological balance in
India's evolving agricultural landscape.
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