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Abstract

Climate change poses significant challenges to dairy production systems, with
rising temperatures, erratic rainfall patterns, and increased incidences of
diseases affecting the productivity, reproduction, and health of dairy animals.
Effective interventions in feeding, breeding, and disease management are
critical to mitigating these adverse effects and ensuring sustainable dairy
production. Feeding strategies, such as the use of climate-resilient fodder
crops, total mixed rations (TMR), and dietary supplementation with energy-
dense feeds, improve nutrient utilization and reduce heat stress. Breeding
programs that focus on selecting and crossbreeding heat-tolerant and disease-
resistant breeds enhance animal adaptability to harsh climatic conditions.
Additionally, reproductive technologies like artificial insemination (Al) and
genomic selection play a crucial role in accelerating the development of
resilient herds. Disease management interventions, including improved
housing, vaccination programs, and early disease detection systems, are
essential to prevent the spread of vector-borne and heat-induced diseases.
Together, these approaches form a climate-smart framework for dairy farming,
enhancing productivity, reducing greenhouse gas emissions, and supporting
the livelihoods of farmers in the face of climate change. Further research and
the integration of these strategies into livestock management policies are
essential for building climate-resilient dairy systems globally.
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Introduction

Climate change poses significant challenges to global dairy production systems, particularly through rising
temperatures, water scarcity, and increased frequency of extreme weather events. Rising temperatures, erratic
rainfall, and increased frequency of extreme weather events negatively affect dairy cattle through heat stress, feed
shortages, disease outbreaks, and reduced reproductive efficiency. Despite uncertainties in climate variability, the
IPCC Fifth Assessment Report identified the ‘‘likely range” of increase in global average surface temperature by
2100, which is between 0.3 degrees and 4.8 degrees (IPCC, 2013).

The potential impacts on livestock include changes in production and quality of feed crop and forage (Chapman et
al., 2012; IFAD, 2010; Polley et al.,2013; Thornton et al., 2009), water availability (Henry et al., 2012; Nardone et
al., 2010; Thornton et al., 2009), animal growth and milk production (Henry et al., 2012; Nardone et al., 2010;
Thornton et al., 2009), diseases (Nardone et al., 2010; Thornton et al., 2009), reproduction (Nardone et al., 2010),
and biodiversity (Reynolds et al., 2010). These impacts are primarily due to an increase in temperature and
atmospheric carbon dioxide (CO;) concentration, precipitation variation, and a combination of these factors
(Aydinalp and Cresser, 2008; Henry et al., 2012; IFAD, 2010; Nardone et al., 2010; Polley et al., 2013; Reynolds
et al., 2010; Thornton et al., 2009). Temperature affects most of the critical factors for livestock production, such
as water availability, animal production, reproduction and health. Forage quantity and quality are affected by a
combination of increases in temperature, CO2 and precipitation variation.

Climate-smart interventions, such as improved feeding strategies, disease management, and breeding programs,
play a pivotal role in enhancing dairy cattle resilience and productivity under changing climatic conditions. This
paper reviews these interventions, their effectiveness, and areas requiring further research.

Interventions

Effective interventions in feeding strategies, breeding programs, and disease control can significantly reduce the
environmental footprint of dairy farming while maintaining productivity. This writing outlines interventions aimed
at mitigating climate change impacts in dairy farming, supported by research and evidence.

Feeding Strategies

Feed availability and quality are significantly affected by climate change, leading to reduced milk production.
Quantity and quality of feed will be affected mainly due to an increase in atmospheric CO2 levels and temperature
(Chapman et al., 2012). The effects of climate change on the quantity and quality of feeds are dependent on location,
livestock system, and species (IFAD, 2010). On the other hand, feeding practices significantly influence GHG
emissions from dairy cattle. Optimizing feed quality and quantity can reduce methane production and improve feed
conversion efficiency and climate-smart feeding strategies aim to enhance feed efficiency, reduce methane
emissions, and ensure consistent nutrition.

Improving Feed Digestibility

Highly digestible diets result in better energy utilization and reduced methane emissions per unit of milk produced.
For instance, incorporating high-quality forages like legumes (e.g., alfalfa and clover) into diets can enhance
digestibility while reducing enteric fermentation (Beauchemin et al., 2008). Moreover, replacing low-quality crop
residues with nutrient-rich forages reduces the time cattle spend metabolizing fibrous material, which lowers CHa
production.

Feed Additives and Methane Inhibitors

The use of feed additives such as dietary fats, tannins, and essential oils has shown potential in reducing methane
emissions. For example, the inclusion of Asparagopsis taxiformis (red seaweed) in cattle diets has demonstrated
methane reduction of up to 80% (Roque et al., 2019). Supplements such as tannins, nitrates, and 3-nitrooxypropanol
(3-NOP) reduce enteric methane emissions while maintaining productivity (Hristov et al., 2013). Additionally,
nitrate supplements act as hydrogen sinks, reducing methane emissions by redirecting hydrogen away from
methanogenesis.
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Alternative Feeds and Agro-Industrial Byproducts

The use of agro-industrial byproducts such as brewers’ grains, citrus pulp, and sugar beet pulp reduces competition
for food crops and improves resource use efficiency. Such feeds can reduce the carbon footprint of dairy systems
while addressing food-feed competition (Makkar, 2016). Incorporating high-energy, low-heat increment feeds (e.g.,
fats) reduces metabolic heat production, helping cattle cope with heat stress (West, 2003). Introducing drought-
tolerant forage crops (e.g. Brachiaria and sorghum) ensures a consistent supply of feed during periods of water
scarcity (Mwenya et al., 2021).

Precision Feeding

Precision feeding involves providing animals with the exact amount of nutrients needed for maintenance and
production. This approach reduces feed waste, nitrogen excretion, and manure emissions. Technologies like
automated feed monitoring systems help optimize feeding schedules and minimize environmental impact (Havlicek
etal., 2018).

Disease Management

Climate change creates favorable conditions for the spread of vector-borne and heat-related diseases, reducing dairy
cattle health and productivity. The direct effects are related to the increase of temperature, which increases the
potential for morbidity and death. The indirect effects are related to the impacts of climate change on microbial
communities (pathogens or parasites), spreading of vector-borne diseases, food-borne diseases, host resistance, and
feed and water scarcity (Nardone et al., 2010; Thornton et al., 2009; Tubiello et al., 2008). Temperature increases
could accelerate the growth of pathogens and/or parasites that live part of their life cycle outside of their host, which
negatively affects livestock (Harvell et al., 2002; Karl et al., 2009; Patz et al., 2000). Climate change may induce
shifts in disease spreading, outbreaks of severe disease, or even introduce new diseases, which may affect livestock
that are not usually exposed to these type of diseases (Thornton et al., 2009) Disease management strategies aim to
prevent and control emerging diseases and effective disease management in dairy systems reduces production losses,
improves animal welfare, and lowers the environmental impact per unit of milk produced. Disease outbreaks,
particularly mastitis, lameness, and reproductive disorders, lead to reduced milk yield, longer calving intervals, and
increased emissions.

Preventive Healthcare

Implementing preventive measures such as vaccination programs, routine health checks, and biosecurity protocols
minimizes disease incidence. For instance, vaccination against viral diseases like foot-and-mouth disease improves
herd health, ensuring consistent milk production and lower emissions per output (Rushton et al., 2012). Integrated
pest management (IPM), including the use of acaricides, biocontrol agents, and improved housing systems, limits
the spread of ticks and mosquitoes (Thornton et al., 2009). Heat Stress Mitigation: Installing cooling systems (e.g.,
fans, sprinklers, and shades) not only reduces heat stress but also minimizes susceptibility to diseases like mastitis
(Collier et al., 2012).

Early Disease Detection and Treatment

Precision Health Tools technologies such as wearable sensors and automated body temperature monitors detect
early signs of heat stress or disease, enabling timely intervention (Polsky & von Keyserlingk, 2017), for example,
automated mastitis detection systems help minimize milk losses and improve animal welfare while enhancing farm
efficiency.

Reducing Antibiotic Overuse
Antimicrobial resistance (AMR) is a growing global concern. Judicious use of antibiotics through improved

management practices reduces the risk of AMR while maintaining herd health and productivity. Healthy cattle have
lower emissions intensity due to optimized milk production and reduced mortality (Van Boeckel et al., 2015).
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Nutritional Management to Support Health

Nutritional interventions that support immunity, such as providing adequate trace minerals (e.g., zinc, copper, and
selenium), improve cattle resilience to diseases and heat stress. Supplements like probiotics and prebiotics also
enhance gut health, reducing methane emissions and promoting better nutrient absorption (Uyeno et al., 2015).
Proactive vaccination against climate-sensitive diseases such as foot-and-mouth disease (FMD), Rift Valley fever,
and tick-borne diseases is critical to maintain herd health.

Breeding Strategies

Reproduction efficiency of both livestock sexes may be affected by heat stress. In cows and pigs, it affects oocyte
growth and quality (Barati et al., 2008; Ronchi et al., 2001), impairment of embryo development, and pregnancy
rate (Hansen, 2007; Nardone et al., 2010; Wolfenson et al., 2000). Cow fertility may be compromised by increased
energy deficits and heat stress (De Rensis and Scaramuzzi, 2003; King et al., 2006). Heat stress has also been
associated with lower sperm concentration and quality in bulls, pigs, and poultry (Karaca et al., 2002; Kunavongkrita
et al., 2005; Mathevon et al., 1998).

Genetic improvement for climate resilience is a long-term solution to improve dairy productivity under heat stress
and climate-related challenges. Recent advancements have identified heritable traits linked to methane production.
Genetic markers and genomic selection tools allow breeders to select cattle with lower enteric methane emissions.
Studies have shown that incorporating low-emission traits into breeding programs can result in cumulative
reductions over generations (Pickering et al., 2015).

Climate-Resilient Breeds

Climate change exacerbates heat stress, which negatively impacts milk production, fertility, and animal welfare.
Breeding for heat tolerance using breeds like Sahiwal, Gir, and other indigenous cattle with higher thermotolerance
can improve dairy system resilience (Collier et al., 2012). Crossbreeding high-yielding dairy breeds (e.g., Holstein)
with heat-tolerant local breeds (e.g., Zebu, Sahiwal) results in cattle with better adaptability and productivity
(Hansen, 2020) because indigenous breeds can optimize both productivity and adaptability.

For selection for resilience, genomic selection tools allow for targeted breeding programs that incorporate traits such
as feed efficiency, heat resistance, and disease resistance (Boichard & Brochard, 2012). Also, the identification of
genes like the slick gene has facilitated breeding programs for thermotolerant cattle without compromising
productivity (Dikmen et al., 2014). Improving fertility under heat stress by using breeding programs targeting
fertility traits, such as embryo survival and shorter calving intervals, are essential for dairy systems in hot climates
(Rhoads et al., 2013).

Critical Evaluation of Interventions
Strengths

e Feeding strategies address both productivity and environmental concerns, ensuring sustainable dairy
production.

e Disease management is critical to maintaining herd health and mitigating economic losses from climate-
sensitive diseases.

e Breeding programs offer long-term solutions by producing cattle with inherent resilience to climate
stressors.

Limitations

Feeding Strategies: High-quality feeds, additives, and drought-tolerant crops may not be accessible to smallholder
farmers due to cost constraints.

Disease Management: Vector control and vaccination programs require infrastructure and technical expertise that
are often lacking in resource-limited regions.
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Breeding Programs: Crossbreeding can result in trade-offs, such as lower milk yields compared to purebred high-
producing dairy cattle. Genetic gains are also slow to materialize.

Areas for Further Research

o Development of cost-effective feed additives and climate-resilient forages for smallholder systems.
¢ Innovative vaccines and disease surveillance systems to combat emerging vector-borne diseases.
¢ Advanced genomic tools to improve accuracy and speed of breeding for heat and disease resilience.

Conclusion

Climate-smart interventions in feeding, disease management, and breeding play a crucial role in mitigating the
adverse effects of climate change on dairy cattle. Feeding strategies improve resilience to feed shortages, disease
management safeguards herd health, and breeding programs enhance long-term adaptability. However, these
interventions must be tailored to the needs of diverse dairy production systems, particularly in resource-limited
environments. Integrating these strategies will be critical to ensuring sustainable, climate-resilient dairy production
globally.
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