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ABSTRACT

Livestock, especially cattle, are major contributors to greenhouse gas emissions, primarily
through enteric methane. However, with science-driven interventions—such as biogas production,
methane-reducing feeds, climate-smart breeding, and carbon-sequestering grazing practices—cattle can
shift from being part of the climate problem to part of the solution. This article explores the potential of
sustainable livestock practices, native breed conservation, and veterinary leadership in building resilient
food systems. Through the One Health lens, it highlights the essential role of veterinarians, policy, and
innovation in transforming livestock farming into a climate-adaptive, environmentally sustainable

sector.
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INTRODUCTION

missions of enteric methane from ruminant
Elivestock particularly cattle contribute

significantly to global greenhouse gas
outputs they make up about 40 percent of all
agricultural emissions and 10-12% of all
emissions caused by humans. Enteric fermentation
a ruminant’s natural digestive process is the main
cause of these emissions. If nothing is done it is
predicted that methane emissions from the
livestock industry will rise by 30% by 2050.

Thankfully science has answers. Methane
output can be considerably reduced by dietary
interventions like the addition of vegetable oils
seaweed or feed that is higher in starch. Climate-
smart livestock systems require enhanced manure
management and increased production efficiency
in addition to feed-based approaches. For livestock
production to have a more sustainable future and
to lessen its carbon footprint research and
innovation must continue.

Microbial fermentation in the rumen is the
main source of methane which accounts for around
33% of global anthropogenic methane emissions
and has a far higher potential for global warming
than carbon dioxide. According to research the
growing demand for animal products brought on
by population growth is expected to cause
emissions from livestock to increase by 30% by
2050. The development of technologies like
methane-inhibiting compounds and low-emission
feeds as well as dietary changes and better farming
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methods are all crucial components of
effective mitigation strategies. In order to estimate
emissions and develop focused strategies to
counteract the effects of climate change from the
livestock sector accurate data collection and
adherence to guidelines are essential.

BIOGAS & MANURE MANAGEMENT
Anaerobic digestion (AD) which produces
biogas from cattle dung offers dairy farms a
substantial chance to manage manure sustainably
and mitigate the effects of climate change. This
method lowers greenhouse gas (GHG) emissions
related to handling manure while simultaneously
producing renewable energy. The main features of
producing biogas and its consequences for
managing manure are covered in detail in the
sections that follow.
Biogas Production Potential

¢ Cattle manure, particularly from fresh and
young cows, exhibits high biochemical
methane potential, with yields reaching up
to 216 L CH4/kg volatile solids for fresh
COWS.

e Anaerobic digestion can enhance biogas
production by approximately 125% when
combined with pretreatment techniques.

¢ In Guatemalan dairy farms, AD systems
can produce around 100 kg CH4 per head
annually, significantly offsetting CO2
emissions.

Climate Mitigation Benefits
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e By replacing fossil fuels and reducing
methane and nitrous oxide emissions
during the storage of manure AD lowers
greenhouse gas emissions.

e In Danish scenarios GHG reductions
varied between 65 and 105 kg CO2-eq per
ton of biomass demonstrating how well
AD works to mitigate the effects of
climate change.

Manure Management Practices

e Traditional manure management
practices, such as stockpiling, contribute
to environmental issues like

eutrophication and odor.

e AD offers a sustainable alternative,
transforming waste into energy while
addressing these environmental concerns.

Notwithstanding the significant advantages of
producing biogas there are still certain obstacles to
overcome such as the feasibility of installing AD
systems on smaller farms and the possibility of
higher ammonia emissions from digestate
application. To optimize these systems for wider
adoption more study is required.

CLIMATE-SMART
PRACTICES

To increase sustainability and resilience in the face
of climate change climate-smart livestock
practices are crucial. These methods concentrate
on lowering greenhouse gas emissions increasing
resource efficiency and guaranteeing food
security. Adapting livestock systems to shifting
environmental conditions requires the integration
of creative strategies.

Climate-Smart Animal Husbandry

LIVESTOCK
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e Precision Livestock Farming: Utilizes
technology for monitoring animal health

and productivity, leading to better
resource management.
o Integrated Farming Systems:

Combines crop and livestock production
to optimize resource use and reduce
emissions.

e Nutritional Management: Enhances
feed efficiency and reduces methane
emissions through improved diets.

Low-Emission Livestock Production Systems

e Manure Management: Effective
handling of manure can significantly
lower greenhouse gas emissions.

e Breeding for Resilience: Selecting breeds
that are more tolerant to heat and disease
can improve productivity under climate
stress.

e Housing Management:  Designing
livestock housing to mitigate heat stress
and improve animal welfare is vital.

Sustainable Livestock Farming for Climate
Resilience

e Agroecological Practices: Incorporating
agroforestry and crop diversification
enhances ecosystem services and
livestock resilience.

e Policy Support: Government initiatives
and financial incentives are necessary to
promote the adoption of climate-smart
practices.

While these practices present a pathway to
sustainable livestock farming, challenges such as
economic constraints and the need for extensive
research and collaboration remain significant
barriers to widespread implementation.

Tablel: Strategies to Reduce the Carbon Footprint of Cattle Farming

Strategy Action/Technology

Climate Benefit

Methane-reducing feed

3-NOP, seaweed, essential oils

| Enteric methane emissions
(up to 30-40%)

Manure management
composting

Anaerobic digestion (biogas),

| Methane & nitrous oxide,
renewable energy

Climate-smart breeding

Indigenous breeds, heat-tolerant

1 Resilience, | emissions per

genetics unit of output

Rotational grazing & Managed grazing, tree integration | 1 Soil carbon, | erosion, 1

silvopasture biodiversity

Veterinary-led Disease control, welfare, housing | Emissions intensity, 1 animal

interventions management productivity
METHANE-REDUCING FEED & from livestock especially ruminants. Recent
NUTRITION studies have concentrated on cutting-edge dietary

Global greenhouse gas levels are approaches to reduce these emissions such as

significantly influenced by methane emissions
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supplementing with seaweed and using methane
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inhibitors. These methods seek to preserve animal
productivity and health in addition to lowering
methane emissions.

Methane Inhibitors in Cattle Feed

e 3-Nitrooxypropanol: This compound
acts as a methyl-coenzyme M reductase
inhibitor, effectively reducing methane
emissions by blocking a key step in the
methanogenesis pathway.

o Plant Essential Oils: These can eliminate
ruminal methanogens, thereby decreasing
methane production through toxicity or
growth inhibition.

Seaweed Supplementation

e Asparagopsis taxiformis: Studies show
that this red seaweed can reduce enteric
methane emissions by up to 30% when
included in dairy cow diets. However, its
effectiveness diminishes after several
weeks.

¢ Gracilaria tenuistipitata: This seaweed
also demonstrated a significant reduction
in methane emissions when added to cattle

feed, lowering ambient methane
concentrations significantly.
Nutritional  Strategies for Low-Carbon
Livestock

e Enhanced Feed Quality: Improving the
nutritional profile of feed can lead to
reduced methane emissions through better
digestion and fermentation processes.

e Hydrogen Sinks: Incorporating non-fiber
carbohydrates and nitrates can act as
hydrogen sinks, blocking pathways that
lead to methane production.

While these strategies show promise in
reducing methane emissions, careful
implementation is crucial to avoid adverse effects
on animal health and productivity. Balancing
emission reductions with livestock performance
remains a challenge in sustainable agriculture.

NATIVE BREEDS & CLIMATE

ADAPTATION
Because different breeds of cattle have
adapted to different agroecological zones

indigenous cattle breeds show exceptional climate
resilience especially in India. The main cause of
these adaptations is genetic variation which gives
these breeds characteristics like heat tolerance and
allows them to flourish in harsh environmental
settings. The genetic processes and adaptive
characteristics that support the resilience of native
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cattle breeds are described in detail in the sections
that follow.

Genetic Adaptations for Heat Tolerance

e Heat Shock Proteins (HSPs): Certain
SNPs have been found in breeds like Gir
and Sahiwal that improve heat tolerance.
Genes such as HSPB2 HSP90AAI1 and
others are essential for thermoregulation
and stress response.

e Selection Signatures: Research has
demonstrated that natural selection has
favored these traits in native breeds by
identifying genetic regions linked to high-
temperature adaptation.

Phenotypic Traits Contributing to Resilience

o Physiological Mechanisms: Indigenous
breeds exhibit superior respiratory and
evaporative cooling mechanisms, which
are essential for maintaining body
temperature under heat stress.

e Feed Efficiency and Reproductive
Performance: These breeds maintain
metabolic  rates and  reproductive
efficiency even in adverse conditions,
contributing to their overall resilience.

IMPORTANCE OF INDIGENOUS BREEDS
Indigenous cattle breeds are vital to
sustainable agriculture because they are resilient to
climate change in addition to supporting local
livelihoods. The possible loss of genetic diversity
brought on by crossbreeding with exotic breeds
which could compromise these adaptive traits is a
growing worry though. Therefore, future efforts to
increase climate resilience must prioritize
maintaining and improving the genetic integrity of
native breeds.
Carbon Sequestration in Grazing Systems
Silvopasture rotational grazing and pasture-based
livestock systems are some of the management
techniques that have an impact on the intricate
process of carbon sequestration in grazing
systems. By improving soil organic carbon (SOC)
storage these techniques may help mitigate the
effects of climate change. However these
approaches efficacy varies depending on the
situation and has a number of drawbacks. The
possibilities and difficulties of these methods for
sequestering carbon are examined in the sections
that follow.
Rotational Grazing and Carbon Sequestration
e Rotational grazing involves alternating
grazing areas to allow vegetation
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recovery, which can enhance SOC by
promoting plant growth and ground cover.

e Studies indicate that rotational grazing can
improve herbage mass and ground cover
compared to continuous grazing, although
its direct impact on SOC is less clear.

e The potential for carbon sequestration
through rotational grazing is influenced by
factors such as stocking intensity and
environmental conditions.

Silvopasture and Climate Mitigation

e Silvopastoral systems integrate trees,
forage, and livestock, enhancing carbon
sequestration by increasing biomass and
improving soil quality.

e These systems can sequester between 1 to
5 Mg C ha—-1 year—1, demonstrating
significant potential for mitigating land
degradation and enhancing ecosystem
services.

o Silvopasture is particularly effective in
degraded lands, offering a sustainable
approach to land reclamation and carbon
offsetting.

Pasture-Based Livestock Systems and Soil
Carbon

e Pasture-based systems can contribute to
SOC storage, but their effectiveness is
limited by the reversibility and time-
limited nature of carbon sequestration.

e Improved management practices, such as
manuring and low to medium livestock
units, can enhance SOC more effectively
than high-intensity grazing.

e The potential for carbon sequestration in
these systems is comparable to other
mitigation strategies, though uncertainties
remain regarding their long-term impact.
While these practices offer potential

benefits for carbon sequestration, they are not
without challenges. The effectiveness of grazing
systems in mitigating climate change is often
outweighed by greenhouse gas emissions from
livestock production. Additionally, the benefits of
carbon sequestration are time-limited and
reversible, necessitating careful management and
realistic expectations.

ROLE OF VETERINARIANS IN
SUSTAINABLE FARMING

The integration of environmental
stewardship and animal health management is a
critical function of veterinarians in sustainable
farming. Assuring animal welfare in low-carbon
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farming systems improving livestock health for
environmental sustainability and advancing
climate-smart livestock practices all depend
heavily on their participation. Veterinarians can
tackle the interrelated issues of environmental
sustainability public health and animal health by
implementing a One Health approach. This diverse
role is crucial for promoting environmentally
friendly farming methods and lessening the
negative effects of livestock production.
Climate-Smart Livestock Practices
e Veterinarians are instrumental in
implementing climate adaptation and

mitigation strategies within livestock
management, which are essential for
combating climate-driven disease

outbreaks and antimicrobial resistance.

e They advise on herd health management
practices tailored to local agro-ecological
contexts, which include biosecurity
measures, vaccination programs, and
environmental sanitation to enhance
resilience against climate impacts

Livestock Health and  Environmental
Sustainability

o By focusing on disease control, nutrition,
and genetics, veterinarians help improve
the sustainability of ruminant production,
which is a significant contributor to
greenhouse gas emissions.

e Their expertise in animal health and
welfare pathways contributes to better
farming standards and efficiency, aligning
with sustainable farming incentives.

Animal Welfare and Low-Carbon Farming

e Veterinarians ensure that animal welfare is
maintained while transitioning to low-
carbon farming practices, which can
involve changes in stocking density and
other management practices.

e They play arole in the broader agricultural
transition by conducting health and
welfare reviews, which are integral to
achieving long-term sustainability goals.

e Veterinarians play a crucial role in
advancing sustainable farming but
striking a balance between environmental
objectives and economic viability is still
difficult. A nuanced approach that takes
into account both the short-term and long-
term effects on animal health and
environmental sustainability is required
due to the complexity of global food
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security and the growing demand for
livestock products.

CARBON HOOFPRINT
REDUCTION

ENTERIC METHANE (CATTLE GUT)
~40% of agri emissions — warming gas

1

[ FEED STRATEGIES ]
3-NOP | Seaweed | Essential oils 4 Methane

7

[ CLIMATE-SMART BREEDING & HOUSING
Indigenous breeds - Biogas - Renewable
energy + | Efficiency

1
[ GRAZING SYSTEMS & SILVOPASTURE
Trees + Grasslands — T Soil carbon, { emissions
{
[VETERINARY INTERVENTION

Disease control | Welfare | Nutrition
- | Emissions per animal

J

LOWER CARBON HOOFPRINT -
CLIMATE WIN!

Fig. 1 : Carbon Hoofprint Reduction Cycle
A visual summary of integrated strategies feed
interventions, manure management, breeding,
grazing, and veterinary action—used to reduce

the carbon footprint of cattle farming.

POLICY, ECONOMICS,
SUSTAINABILITY

In developing nations where they can
boost economic growth and enhance livelihoods
sustainable livestock practices have a significant
socioeconomic impact. Sustainable livestock
management paves the way for all-encompassing
development by promoting environmental
preservation in addition to increased productivity.
Important facets of this subject are covered in
detail in the sections that follow
Socioeconomic Impact

¢ Sustainable livestock practices can boost
economic growth by improving resource
efficiency and opening up new revenue

AND

streams.
e Adoption of methods such as agroforestry
and organic farming has been

demonstrated to lower health risks while
enhancing food security and rural
livelihoods.

¢ By developing value chains these methods
can help small farmers reach lucrative
markets and lessen social inequality.
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Policies for Sustainable Development
e The EUs Common Agricultural Policy
which has produced a range of outcomes
demonstrates the importance of effective

policies in advancing sustainable
livestock practices.
e In order to address the intricate

relationships between livestock and the
Sustainable Development Goals (SDGs)
future policies should concentrate on
regional solutions that complement global
sustainability goals. Stakeholder
involvement and creative policymaking
are crucial for removing obstacles and
promoting the uptake of sustainable
practices

LIVESTOCK SUSTAINABILITY IN

DEVELOPING COUNTRIES

Sustainable livestock practices have the potential
to greatly enhance both environmental
sustainability and economic resilience in

developing countries, including livestock systems
in regional farming methods can improve food
security and lessen environmental impact.
Promoting these sustainable practices is greatly
aided by technological advancements and
community-based projects. Despite the obvious
advantages of sustainable livestock practices
obstacles like budgetary limitations and opposition
to change continue to exist. Realizing the full
potential of sustainable livestock systems in
promoting  environmental and  economic
sustainability requires removing these obstacles.

CONCLUSION

Climate change is both a challenge and an
opportunity for the livestock sector. While cattle
are often seen as climate culprits due to methane
emissions,  science-backed  strategies—from
biogas production and low-emission feeds to
silvopasture and genetic selection—can transform
them into part of the climate solution. Indigenous
breeds, sustainable management, and precision
livestock technologies offer powerful tools for
adaptation and mitigation.

Veterinarians, policymakers, and farmers
must work together through a One Health
approach to balance productivity, welfare, and
environmental goals. By rethinking how we raise
cattle, we can reduce their carbon hoofprint and
build a more sustainable, climate-resilient future.
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