[ il

\}

JANA NEXUS: JOURNAL OF AGRICULTURAL, VETERINARY AND Y I;ﬂlﬁ
ENVIRONMENTAL SCIENCES 2, &

ISSN(O): 3139-0765 Lo e

Journal Homepage: www. jananexusaves.com

JN:JAVES, Volume 02, Issue 08 August, 2026, 02(08) 28-33
| RESEARCH ARTICLE

Article DOI: 10.21474/INAVES01/149
DOI URL: http://dx.doi.org/10.21474/ INAVES01/149

CLIMATE-SMART LIVESTOCK FARMING: SUSTAINABLE FEEDING, ANIMAL HEALTH,
AND ENVIRONMENTAL MANAGEMENT

Ayesha N. Siddiqui, Rahul K. Sharma and Emily R. Wilson

Corresponding Author: Ayesha N. Siddiqui

| ABSTRACT

Climate change presents significant challenges to livestock production, animal health, food security, and environmental
sustainability. Rising temperatures, irregular rainfall, droughts, and changing patterns of infectious diseases can negatively
affect animal productivity and welfare. At the same time, livestock systems contribute to greenhouse gas emissions, water
consumption, land degradation, and the generation of organic waste. Climate-smart livestock farming offers an integrated
approach to addressing these challenges by combining climate adaptation, emission reduction, improved productivity, and
sustainable resource management. This paper examines the principal strategies for developing climate-resilient livestock
systems, with particular attention to animal nutrition, veterinary healthcare, water conservation, manure management, and the
use of renewable energy and digital technologies. A narrative literature review approach is used to synthesize information from
scientific literature and reports published by recognized international organizations. The review indicates that balanced animal
feeding, improved herd health, appropriate breeding strategies, efficient water use, and responsible manure management can
support more resilient livestock production. However, implementation depends on local climatic conditions, farm size,
financial resources, technical knowledge, and access to veterinary services. The paper concludes that climate-smart livestock
farming should be developed through locally appropriate practices, farmer education, scientific research, and supportive
agricultural policies.
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Introduction:-

Livestock farming is an important component of agricultural production and rural livelihoods. Cattle, buffaloes, sheep, goats,
poultry, and other domesticated animals provide milk, meat, eggs, manure, employment, and income to farming communities.
Livestock also contribute to household food security and support agricultural activities through the use of animal by-products
and organic fertilizers. Despite these benefits, livestock production faces increasing pressure from climate change and
environmental degradation. Higher temperatures can cause heat stress, reduce feed intake, affect reproductive performance, and
increase animals' demand for drinking water. Droughts may reduce the availability of pasture and fodder, while floods can
damage livestock shelters, contaminate water supplies, and disrupt veterinary services.

Livestock farming can also affect the environment through greenhouse gas emissions, excessive nutrient runoff, poor waste
disposal, and inefficient use of natural resources. These issues demonstrate the importance of developing production systems
that maintain animal welfare and farm productivity while reducing environmental harm. Climate-smart agriculture is an
approach that seeks to improve agricultural productivity and resilience while contributing, where possible, to greenhouse gas
mitigation. The Food and Agriculture Organization of the United Nations describes climate-smart agriculture as an integrated
approach to addressing food security and climate change. Its application to livestock requires coordinated attention to animals,
feed, land, water, energy, and farm management (FAO, n.d.).
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This paper explores practical and scientific approaches to climate-smart livestock farming and discusses their potential
benefits, limitations, and future research needs.

Objectives of the Study:-

The main objectives of this paper are:-

1. To explain the relationship between climate change and livestock production.

To examine sustainable feeding and animal nutrition strategies.

To discuss veterinary healthcare and animal welfare under changing climatic conditions.
To identify approaches for improving water use and manure management.

To evaluate the role of technology, farmer education, and agricultural policies.

To suggest future directions for environmentally responsible livestock production.
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Review of Literature:-

Existing research identifies livestock production as both vulnerable to climate change and relevant to climate mitigation.
Temperature changes, altered rainfall, and extreme weather events can affect animal productivity and the availability of feed
and water. The severity of these impacts varies according to animal species, breed, age, housing, location, and management
practices. The Intergovernmental Panel on Climate Change (IPCC, 2022) identifies opportunities to reduce emissions from
agriculture and land use through improved management practices. These include better nutrient management, soil carbon
management, agroforestry, and selected livestock-related interventions. The IPCC also emphasizes that environmental
measures must account for possible trade-offs involving biodiversity, water, food security, and livelihoods.

The FAO highlights the importance of combining productivity improvements with adaptation and mitigation objectives. In
livestock systems, these goals may be supported through improved feed quality, animal health services, efficient resource use,
and sustainable manure management. However, no single intervention is appropriate for every farm. Practices that work well in
one climatic region may be expensive or unsuitable elsewhere. Therefore, climate-smart livestock development requires a
combination of scientific evidence, local knowledge, and farm-specific planning.

Research Methodology:-

This paper adopts a narrative literature review methodology. It draws on established scientific concepts, international
assessments, and publications concerning climate change, livestock management, veterinary healthcare, and environmental
sustainability.

Sources of Information:-
The review framework includes reports from the FAO and IPCC, along with relevant peer-reviewed research on livestock
nutrition, animal welfare, climate adaptation, and farm management.

Selection of Themes:-
The literature was organized around five major themes: climate-related risks, sustainable feeding, veterinary healthcare,
resource management, and technological innovation.

Method of Analysis:-
Information was synthesized qualitatively to identify recurring approaches, potential benefits, practical limitations, and
research gaps. No original farm experiment, animal trial, survey, or statistical analysis was conducted for this paper.

Methodological Limitations:-
As a narrative review, this paper does not claim to provide an exhaustive systematic search. Its conclusions should be
interpreted as a synthesis of established concepts rather than as the results of new experimental research.

Climate Change and Livestock Production:-

Heat Stress and Animal Productivity:-

Heat stress occurs when animals cannot effectively regulate their body temperature under environmental conditions. It can
reduce feed consumption, alter normal behavior, and negatively affect milk production, growth, reproduction, and general
welfare. The effects differ between species and breeds. Animals adapted to hot climates may tolerate heat better than animals
developed for cooler environments, although adaptation does not eliminate all risks. Shade, ventilation, appropriate stocking
density, and access to clean drinking water are important management measures. Farmers can also adjust feeding schedules to
cooler parts of the day and monitor animals for signs of heat stress. These measures should be adapted to local conditions and
supported by veterinary advice where necessary.
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Changes in Feed and Fodder Availability:-

Changes in rainfall and temperature can affect the quantity, nutritional quality, and seasonal availability of pasture and fodder
crops. Drought can reduce grazing resources, while excessive rainfall may damage stored feed or delay harvesting. Feed
shortages can reduce productivity and increase production costs. Farmers can improve resilience by diversifying fodder crops,
storing suitable feed, maintaining pasture health, and developing feeding plans based on seasonal availability. Feed
preservation methods, such as haymaking and silage preparation, may help farms maintain a more consistent supply of animal
feed. The effectiveness of these methods depends on crop availability, storage facilities, and the quality of preparation.

Water Scarcity:-

Livestock require reliable access to clean water for drinking, cooling, cleaning, and farm operations. Water scarcity can affect
animal health and productivity and may increase competition between household, agricultural, and environmental
needs. Climate-smart farms can improve water management by repairing leaking pipes, maintaining drinking systems,
collecting rainwater where appropriate, and monitoring water quality. Water-saving measures should never compromise
animals' access to sufficient clean drinking water.

Sustainable Feeding and Animal Nutrition:-

Improving Feed Quality:-

Balanced nutrition is central to animal health, productivity, and efficient resource use. Feed should provide suitable levels of
energy, protein, fiber, minerals, and vitamins according to species, age, reproductive stage, and production requirements. Poor-
quality feed can reduce productivity and increase the amount of feed required to produce a given quantity of milk, meat, or
eggs. Better-quality forage and scientifically formulated rations can improve nutrient utilization and reduce avoidable feed
losses. Farmers should seek guidance from qualified animal nutritionists or veterinarians when making major changes to
livestock diets.

Diversifying Fodder Resources:-

Growing a range of suitable fodder crops can reduce reliance on a single crop and improve resilience to variable weather.
Depending on the region, farmers may consider locally adapted grasses, legumes, and other suitable forage
species. Leguminous fodder crops can contribute to soil fertility through biological nitrogen fixation. Integrating fodder crops
into crop rotations may also help diversify farm income and make productive use of available land. Crop residues can be useful
feed resources when they are safe and nutritionally appropriate. However, their quality varies considerably, and some require
proper treatment or supplementation. Moldy or contaminated feed should not be provided to animals.

Reducing Feed Waste:-

Feed wastage increases production costs and wastes the water, land, energy, and other resources used in feed production.
Covered storage, suitable feed troughs, regular monitoring, and careful ration preparation can help reduce losses. Feed
efficiency should be evaluated alongside animal welfare and health. Increasing productivity alone is not a sufficient measure of
sustainability if it results in inadequate nutrition or poor living conditions.

Reducing Emissions Through Better Nutrition:-

Ruminant animals produce methane during digestion. Improving feed quality and overall animal health may reduce emissions
intensity in some production systems by improving the amount of useful product obtained from feed. However, the effect of
dietary interventions depends on feed composition, animal type, production system, and the method used to measure emissions.
Specialized feed additives should be evaluated for safety, effectiveness, affordability, and suitability by qualified professionals
before use.

Veterinary Healthcare and Animal Welfare:-

Preventive Veterinary Care:-

Healthy animals generally use feed and other resources more efficiently than animals affected by preventable disease.
Veterinary healthcare is therefore an important component of sustainable livestock production. Preventive measures include
vaccination where recommended, parasite control, appropriate nutrition, hygienic housing, and regular observation of animal
behavior. Early recognition of illness can reduce animal suffering and limit productivity losses. Farmers should maintain
veterinary contact details and records of vaccination, illness, treatment, and production. These records can help identify
recurring health problems and support better farm decisions.

Climate Change and Disease Risks:-

Climate and environmental changes can influence the distribution and seasonality of some animal diseases and disease-
carrying vectors. The effects differ by region and disease, so farmers should not assume that every disease will increase under
warmer conditions.
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Veterinary surveillance, diagnostic services, movement controls where necessary, and timely communication between farmers
and animal-health authorities can strengthen preparedness. The One Health approach is also relevant because human health,
animal health, and environmental conditions are interconnected.

Housing and Animal Comfort:-

Suitable housing protects animals from extreme temperatures, excessive rainfall, and other weather-related hazards.
Ventilation, shade, drainage, bedding, and space requirements should reflect the species and local climate. During hot weather,
farms should ensure access to water and avoid unnecessary handling during the hottest periods. During cold or wet conditions,
dry resting areas and protection from severe weather may be particularly important. Good animal welfare should remain a core
objective of climate-smart farming rather than being treated only as a means of increasing production.

Responsible Use of Veterinary Medicines:-

Veterinary medicines should be used under appropriate professional guidance. Incorrect use of antimicrobials can contribute to
antimicrobial resistance, creating risks for animal and human health. Good hygiene, vaccination, suitable housing, and disease
prevention can reduce the need for some treatments. Farmers should follow prescribed doses, withdrawal periods, and
applicable regulations, and should never use veterinary medicines as a substitute for proper disease diagnosis.

Sustainable Manure and Waste Management:-

Manure as a Resource:-

Livestock manure contains organic matter and nutrients that can improve soil fertility when appropriately managed. However,
poorly stored or applied manure may contribute to water contamination, nutrient runoff, unpleasant odors, and greenhouse gas
emissions. A farm-level manure management plan should consider the number of animals, manure quantity, storage capacity,
soil type, weather conditions, and crop nutrient requirements.

Composting:-

Composting can convert suitable organic waste into a more stable material for use as a soil amendment. Effective composting
requires appropriate moisture, aeration, and management of the composting process. Properly managed compost can improve
soil organic matter and contribute nutrients. Nevertheless, compost quality and safety must be monitored, particularly when
manure may contain pathogens, veterinary drug residues, or other contaminants.

Biogas Production:-

Anaerobic digestion uses microorganisms to break down organic material in the absence of oxygen, producing biogas and a
remaining digestate. Biogas may be used as an energy source, while digestate can potentially be used as a fertilizer when it
meets applicable safety and quality requirements. These systems may reduce unmanaged waste and provide renewable energy.
Their practical value depends on the availability of manure, technical maintenance, initial investment, and safe handling of the
resulting materials.

Preventing Water Pollution:-

Manure storage and application should be planned to reduce runoff into streams, ponds, wells, and other water sources.
Farmers should avoid applying manure when heavy rainfall is expected or when field conditions make runoff likely. Buffer
zones, appropriate storage structures, and nutrient planning can help protect local water quality. The specific measures required
depend on regional environmental regulations and site conditions.

Water, Energy, and Land Management:-

Efficient Water Use:-

Water efficiency can be improved through leak detection, well-maintained drinking systems, rainwater collection where
suitable, and careful planning of cleaning operations. Water conservation must be balanced with adequate sanitation and animal
welfare. Routine monitoring can help farmers identify periods of high consumption and assess whether equipment is
functioning properly.

Renewable Energy:-

Solar energy and other suitable renewable energy sources can support lighting, water pumping, ventilation, milk cooling, and
selected farm operations. Their feasibility depends on local energy needs, climate, equipment costs, maintenance, and access to
financing. Renewable energy may reduce reliance on conventional energy sources, but systems must be designed to ensure that
essential animal-care equipment remains reliable.

Agroforestry and Integrated Farming:-
Agroforestry combines trees with agricultural activities, potentially providing shade, fodder, soil protection, and additional
farm products. Trees may also contribute to carbon storage and support biodiversity.
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Integrated crop-livestock systems can recycle nutrients by using suitable crop residues as feed and manure as fertilizer. Such
integration must be carefully planned to avoid nutrient overload, contamination, and competition for limited land and water.

Digital Technologies in Climate-Smart Livestock Farming:-

Animal Monitoring:-

Sensors and digital monitoring systems can help track temperature, movement, feeding behavior, and selected health
indicators. Early warning systems may enable farmers to identify changes that require further investigation. Technology should
support, rather than replace, veterinary assessment and direct observation. Expensive monitoring equipment may be impractical
for small farms unless affordable services or shared facilities are available.

Weather Forecasting:-

Reliable weather forecasts can help farmers plan fodder harvesting, water storage, grazing, transport, and protective measures
for animals. Early warnings are particularly valuable when extreme heat, floods, or droughts are expected. For these systems to
be effective, information must be understandable, timely, locally relevant, and accessible to farmers who may have limited
internet connectivity.

Farm Record Management:-

Digital or paper-based records can document feed use, veterinary treatment, breeding, productivity, and farm expenses.
Reviewing these records helps farmers evaluate which practices work under their specific conditions.

Data privacy, training, cost, and the reliability of digital equipment should be considered when introducing new technologies.

Economic and Social Considerations:-

Climate-smart livestock farming can provide long-term benefits, but adoption may require initial expenditure on housing, water
infrastructure, feed storage, renewable energy, veterinary services, or manure treatment. Small-scale farmers may face
difficulties accessing credit, training, equipment, and reliable technical advice. The benefits of an intervention can also take
time to become visible, making it difficult for households with limited financial resources to invest. Cooperative purchasing,
farmer organizations, extension services, affordable credit, and public training programs can help reduce these barriers.
Demonstration farms and local pilot projects can also help farmers assess the benefits and limitations of new practices before
adopting them widely. Policies should recognize differences between intensive commercial systems, smallholder farms,
pastoral systems, and mixed crop-livestock households. A uniform approach may not address the needs of every farming
community.

Challenges and Limitations:-

Several challenges may restrict the adoption of climate-smart livestock farming:-

Financial limitations: Initial investments can be difficult for small farms to afford.

Knowledge gaps: Farmers may have limited access to current veterinary and agricultural advice.

Infrastructure constraints: Inadequate water supply, electricity, roads, storage, and veterinary facilities can limit progress.
Regional differences: Climate, animal breeds, farm size, feed availability, and local markets influence the effectiveness of
interventions.

Measurement difficulties: Estimating emissions and environmental benefits requires appropriate data and transparent
methods.

Competing priorities: Farmers must balance animal welfare, productivity, income, food security, and environmental
protection.

These challenges demonstrate that climate-smart livestock farming cannot depend on technology alone. Successful
implementation requires coordinated support from farmers, researchers, veterinary professionals, agricultural extension
services, and policymakers.

Future Directions:-

Future research should evaluate climate-smart livestock interventions under different regional and production conditions.
Long-term studies are needed to understand their effects on animal health, productivity, greenhouse gas emissions, water use,
and farm profitability.

Priority areas include:-

Developing and evaluating livestock breeds suited to local climatic conditions while maintaining health and welfare.
Improving the availability and quality of affordable fodder resources.

Testing practical approaches to heat-stress prevention and early warning.

Evaluating manure management systems for environmental safety and economic feasibility.

Improving access to veterinary services and disease surveillance.

Developing low-cost digital tools for smallholder farms.
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7. Measuring the combined effects of different interventions rather than evaluating them only in isolation.

8. Strengthening farmer education and cooperation between agricultural and veterinary institutions.

Research should also investigate whether benefits continue over time and whether interventions are accessible to women
farmers, smallholders, and communities with limited resources.

Recommendations:-

Based on the review, the following recommendations are proposed:-

Encourage balanced nutrition and responsible feed storage.

Improve shade, ventilation, drinking-water access, and other basic animal-welfare measures.
Strengthen preventive veterinary care and disease surveillance.

Promote safe manure storage, composting, and suitable biogas systems.

Improve farm water conservation without compromising animal needs.

Support farmer training in climate adaptation and environmental management.

Expand affordable agricultural extension and veterinary services.

Evaluate technologies according to local needs, costs, safety, and long-term performance.
Encourage policies that support smallholder participation and sustainable resource use.
Use reliable farm records to assess progress and guide future decisions.

Conclusion:-

Climate-smart livestock farming provides a framework for addressing the connected challenges of climate change, animal
health, agricultural productivity, and environmental sustainability. Sustainable feeding, preventive veterinary care, appropriate
housing, efficient water use, and responsible manure management can strengthen livestock systems when implemented in ways
suited to local conditions. Digital technologies and renewable energy may provide additional benefits, but their value depends
on affordability, infrastructure, training, and reliable maintenance. Similarly, environmental interventions should be assessed
for their effects on animal welfare, biodiversity, soil health, water quality, and farm livelihoods. The transition to climate-smart
livestock production requires cooperation among farmers, veterinarians, agricultural scientists, policymakers, and rural
communities. Rather than relying on a single solution, sustainable progress will depend on combining practical farm
management with scientific evidence, farmer education, and appropriate institutional support. In conclusion, climate-smart
livestock farming can contribute to more resilient agricultural systems when environmental protection, animal welfare,
economic viability, and food security are pursued together.
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