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Climate change, driven primarily by anthropogenic greenhouse gas emissions, poses a significant threat to global food systems, environmental stability, and socio-economic development. The poultry sector plays a pivotal role in global food and nutrition security by providing affordable, high-quality animal protein and supporting the livelihoods of millions of people, particularly in low- and middle-income countries. However, poultry production systems are highly vulnerable to climate-induced stressors, including rising temperatures, heat stress, water scarcity, altered disease dynamics, and disruptions in feed availability. These stressors adversely affect bird health, productivity, welfare, and economic sustainability. This review synthesizes current scientific evidence on the impacts of climate change on poultry production, with a focus on physiological stress responses, feed intake and reproductive performance, disease prevalence, and resource constraints. It further highlights the urgency of adopting climate-resilient practices to safeguard poultry production systems. By integrating insights from genetics, nutrition, health management, and environmental control, this review aims to provide a comprehensive foundation for developing adaptive and sustainable poultry production systems capable of withstanding the challenges posed by a changing climate.
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1. Introduction
Climate change represents one of the most pressing global challenges of the twenty-first century, characterized by long-term alterations in temperature patterns, precipitation regimes, and the frequency and intensity of extreme weather events. These changes are primarily driven by human activities such as fossil fuel combustion, deforestation, and industrial processes that increase greenhouse gas concentrations in the atmosphere (Shiraiwa, 2023). The consequences of climate change are increasingly evident across natural and human systems, manifesting as droughts, floods, hurricanes, wildfires, and heatwaves that destabilize ecosystems, economies, and societies worldwide (Khraishah et al., 2022). Agriculture is among the sectors most vulnerable to climate change due to its dependence on climatic conditions for productivity and sustainability. Altered temperature and rainfall patterns threaten crop yields, livestock health, and the stability of food systems, particularly in regions where agriculture forms the backbone of livelihoods and national economies (Abbass et al., 2022). Beyond food production, climate change exacerbates biodiversity loss, ecosystem restructuring, and the spread of food-, water-, and vector-borne diseases, posing serious risks to global public health—especially among vulnerable populations in low-income countries (Balbus et al., 2013). The economic ramifications are substantial, affecting ecosystem services, labor productivity, and human welfare, with the poorest nations bearing a disproportionate share of the burden despite contributing minimally to global emissions (Tol, 2018). Within the agricultural sector, poultry production occupies a uniquely important position in ensuring global food and nutrition security. Poultry meat and eggs are widely consumed due to their affordability, high biological value, and efficient feed conversion ratios. Compared to other livestock species, poultry have a relatively short production cycle, making them a rapid and reliable source of animal protein (Kleyn & Ciacciariello, 2021). In developing regions, poultry products contribute significantly to meeting dietary protein and micronutrient requirements, particularly in populations facing chronic food insecurity (Singh et al., 2022).In addition to their nutritional value, poultry production systems play a critical socio-economic role. They support the livelihoods of millions of households, particularly small-scale and backyard producers, by generating income, providing employment opportunities, and serving as a financial safety net during economic shocks. Poultry farming has also been linked to poverty alleviation and women’s empowerment, as it often requires relatively low capital investment and can be managed at the household level (Wong et al., 2017). Backyard and small-scale poultry systems are especially important in rural and resource-poor settings, where they enhance food availability, access, and utilization while contributing to agroecological sustainability (Singh et al., 2022).
Global demand for poultry products is projected to increase substantially, with estimates suggesting that consumption may double by 2050 due to population growth, urbanization, and rising incomes (Abbas, 2020). While this growth underscores the sector’s importance, it also intensifies existing challenges related to disease control, environmental sustainability, and equitable market access. These challenges are further compounded by climate change, which threatens the productivity, resilience, and sustainability of poultry production systems worldwide (Attia et al., 2024). Climate change affects poultry production through multiple pathways, including increased heat stress, water scarcity, altered disease dynamics, and disruptions in feed supply chains. Heat stress, in particular, has emerged as one of the most critical constraints, negatively impacting bird physiology, performance, welfare, and survival (Nawab et al., 2018). Addressing these challenges requires the adoption of climate-resilient strategies that integrate genetic improvement, nutritional management, housing and environmental control, and disease prevention measures. This review aims to critically examine the impacts of climate change on poultry systems and provide a foundation for developing adaptive and sustainable poultry production strategies under changing climatic conditions.
2. Climate Change Impacts on Poultry Systems
2.1 Temperature Stress and Thermoregulation
Rising global temperatures associated with climate change have significantly increased the incidence and severity of heat stress in poultry production systems. Poultry are particularly susceptible to heat stress due to their limited capacity for thermoregulation, as they lack sweat glands and rely primarily on panting and behavioral adjustments to dissipate excess heat (Kumar et al., 2021). High ambient temperatures, especially when combined with elevated humidity, disrupt physiological homeostasis and impair the birds’ ability to regulate body temperature effectively (Kim et al., 2024). Heat stress exerts profound effects on poultry health and productivity. It leads to reduced feed intake, slower growth rates, lower body weights, decreased egg production and quality, and increased mortality, resulting in substantial economic losses for producers (Kumar et al., 2021). Physiologically, heat stress alters blood electrolyte balance, increases oxidative stress, disrupts metabolic processes, and suppresses immune function, thereby increasing susceptibility to infectious diseases (Kim et al., 2024). These effects are particularly pronounced in intensive production systems, where high stocking densities and limited ventilation exacerbate thermal stress. Although poultry possess natural behavioral and physiological mechanisms to cope with temperature fluctuations, these adaptive responses are often insufficient under prolonged or extreme heat exposure. Intensive selection for high growth rates and production efficiency has inadvertently increased heat sensitivity in modern commercial poultry strains, further limiting their ability to cope with thermal stress (Vandana et al., 2020). As a result, there is growing interest in genetic strategies to enhance thermotolerance, alongside environmental and nutritional interventions. Research has identified several mitigation strategies to improve thermoregulation in poultry, including the selection of heat-tolerant genotypes, early-life thermal conditioning, and dietary supplementation with antioxidants, electrolytes, and bioactive compounds (Kumar et al., 2021). Environmental modifications, such as improved housing design, ventilation, and cooling systems, also play a crucial role in alleviating heat stress and supporting physiological stability (Nawab et al., 2018). Addressing temperature stress and enhancing thermoregulatory capacity are fundamental to sustaining poultry production and ensuring animal welfare under climate change (Madkour et al., 2022).
2.2 Effects on Feed Intake, Growth, and Reproduction
Climate change adversely affects poultry feed intake, growth performance, and reproductive efficiency, primarily through increased ambient temperatures and heat stress. Exposure to high temperatures leads to a reduction in voluntary feed intake as birds attempt to minimize metabolic heat production, which directly compromises growth and feed conversion efficiency (Biswal et al., 2022; Kumar et al., 2021). Studies have reported reductions in feed intake ranging from 6.1% to 21.6% and growth rate declines of 11.0% to 14.5% under heat stress conditions (Bilal et al., 2021). Reduced nutrient intake during heat stress prevents broiler chickens from achieving their genetic growth potential, particularly in fast-growing strains bred for high productivity (Oke et al., 2024). In laying hens, heat stress negatively affects egg production, egg weight, shell quality, and internal egg characteristics. Reported declines in egg production range from 6.6% to 23.3%, with egg weight reductions of up to 14.3% under high-temperature conditions (Bilal et al., 2021). Reproductive performance in both male and female poultry is also compromised by heat stress. Elevated temperatures disrupt hormonal balance, impair gonadal function, and reduce semen quality, fertility, and hatchability (Nawab et al., 2018). These physiological disruptions lead to lower reproductive efficiency and increased financial losses for poultry producers (Soliman & Safwat, 2020). Furthermore, heat-induced immunosuppression increases disease susceptibility, compounding the negative effects on productivity and reproductive success (Bilal et al., 2021). The combined impacts of reduced feed intake, impaired growth, and declining reproductive performance highlight the urgency of implementing adaptive strategies to sustain poultry production under climate change. Nutritional interventions, genetic improvement, and environmental management are essential components of a comprehensive approach to mitigating these effects and ensuring the long-term sustainability of poultry systems (Abioja & Abiona, 2021).
2.3 Disease Prevalence and Pathogen Ecology Shifts
Climate change is altering the ecological dynamics of infectious diseases in poultry systems by influencing pathogen survival, reproduction, and transmission. Rising temperatures, increased humidity, and more frequent extreme weather events create favorable conditions for the proliferation of bacterial, viral, and fungal pathogens, as well as their vectors (Ngongolo & Mrimi, 2024; Williams et al., 2024). Heat stress further compromises poultry immune function, reducing resistance to infections and diminishing vaccine efficacy (Soliman & Safwat, 2020). Climate-induced environmental changes can expand the geographic range and seasonal activity of pathogens and vectors, leading to the emergence of diseases in previously unaffected regions and altering outbreak patterns (Williams et al., 2024). Even small temperature increases can produce nonlinear effects on host–pathogen interactions, intensifying disease transmission in some areas while reducing it in others (Thomas, 2020). Additionally, climate change has been linked to the emergence of more virulent pathogen strains and increased antifungal resistance, posing serious challenges to poultry health and food safety (Williams et al., 2024). To address these risks, it is essential to strengthen disease surveillance systems, enhance biosecurity measures, and adapt management practices to changing climatic conditions. Collaborative efforts among researchers, industry stakeholders, and policymakers are crucial for developing and implementing effective disease control strategies that enhance the resilience of poultry systems under climate change (Ngongolo & Mrimi, 2024).
2.4 Water Scarcity and Resource Availability
Water scarcity, exacerbated by climate change, represents a major constraint on poultry production by limiting both the quantity and quality of water available for birds and feed crop production. Many regions already experience moderate to severe water stress due to climate variability, and increasing demand for poultry products places additional pressure on freshwater resources (Attia et al., 2024). Adequate water supply is essential for poultry health, growth, feed efficiency, thermoregulation, and reproductive performance (Sabry et al., 2023). Restricted access to water leads to reduced productivity, compromised welfare, and lower-quality meat and eggs. Moreover, the majority of water use in poultry systems is embedded in the feed supply chain, with feed production accounting for over 80% of the total water footprint in broiler production (Usva et al., 2023). Climate change is expected to intensify competition for water resources by increasing poultry water requirements while simultaneously reducing water availability for drinking and feed crop irrigation (Attia et al., 2024). Adaptive strategies such as improved water management practices, rainwater harvesting, efficient drinking systems, and the selection of poultry breeds with greater tolerance to water restriction are critical for sustaining poultry production in water-limited environments (Sabry et al., 2023). Addressing water scarcity is therefore integral to enhancing the resilience and sustainability of poultry systems under climate change.
3. Genetic and Genomic Approaches for Climate-Resilient Poultry
3.1 Selection for Heat Tolerance
Genetic improvement represents a cornerstone of climate-resilient poultry production. Heat stress, one of the primary climate-induced challenges, disproportionately affects high-performing commercial poultry strains due to intensive selection for growth and productivity traits (Vandana et al., 2020). Breeding strategies aimed at improving thermotolerance focus on identifying and selecting birds with superior physiological and behavioral responses to high ambient temperatures. Heritable traits linked to heat tolerance include body temperature regulation, respiratory rate, feather density, metabolic efficiency, and the expression of heat shock proteins (HSPs) (Singh et al., 2022). HSPs act as molecular chaperones, stabilizing proteins under thermal stress and protecting cells from heat-induced damage. Birds with elevated expression of HSP70 and HSP90 genes exhibit improved thermotolerance, lower mortality, and better production performance under heat stress conditions (Kumar et al., 2021; Nawab et al., 2018). Marker-assisted selection and genomic selection allow for the identification of quantitative trait loci (QTLs) associated with heat tolerance, enabling the development of strains better suited to high-temperature environments without compromising growth or egg production (Abioja & Abiona, 2021). Integrating physiological, behavioral, and molecular indicators of heat tolerance enhances the efficiency of breeding programs, providing long-term solutions to the impacts of climate change.
3.2 Genomic Tools and High-Throughput Screening
Advances in genomics and high-throughput sequencing have revolutionized the identification of adaptive traits in poultry. Genome-wide association studies (GWAS) and transcriptomic analyses allow researchers to detect genes and pathways associated with heat resistance, disease resilience, feed efficiency, and reproductive performance (Bilal et al., 2021). For example, genes related to metabolic regulation, oxidative stress response, and immune function have been implicated in adaptive responses to environmental stressors (Kumar et al., 2021). High-throughput screening techniques facilitate the rapid selection of elite lines with multiple desirable traits. Genomic selection enables breeders to predict the genetic potential of birds at an early age, reducing the generation interval and improving the accuracy of selection under changing environmental conditions (Soliman & Safwat, 2020). These genomic approaches are particularly valuable in developing countries, where resource constraints limit the feasibility of extensive field trials.
3.3 Biotechnology and CRISPR/Cas9 Innovations
Biotechnological interventions, particularly gene editing technologies like CRISPR/Cas9, offer unprecedented opportunities to enhance climate resilience in poultry. CRISPR allows precise, targeted modifications of genes associated with heat tolerance, disease resistance, and growth efficiency (Madkour et al., 2022). For instance, editing genes involved in HSP expression or metabolic pathways can improve the physiological adaptability of birds to elevated temperatures, reducing heat-induced mortality and productivity losses. Additionally, CRISPR-mediated modifications can enhance immune responses to prevalent infectious agents and improve resistance to emerging pathogens influenced by climate change (Williams et al., 2024). Beyond thermotolerance, gene-editing approaches can be used to optimize feed efficiency, reduce environmental impacts of poultry farming, and maintain genetic diversity in local breeds while enhancing their performance under stress conditions. Despite the promise of gene editing, ethical, regulatory, and socio-economic considerations remain crucial for the adoption of these technologies. Public acceptance, biosafety, and equitable access to genomic tools are essential to ensure that biotechnological innovations contribute effectively to sustainable and climate-resilient poultry systems.
4. Nutritional and Feed Strategies under Climate Change
4.1 Feed Formulation and Energy Balance
Climate change affects feed availability, quality, and nutritional composition, presenting major challenges to poultry productivity. High ambient temperatures reduce feed intake, limiting the supply of essential nutrients required for growth, reproduction, and immune function (Biswal et al., 2022). Nutritional strategies aimed at mitigating heat stress involve the optimization of energy density, protein content, amino acid balance, and micronutrient supplementation. Dietary adjustments can enhance heat tolerance by compensating for reduced voluntary feed intake. For example, increasing energy density through fats or oils, rather than carbohydrates, reduces the heat increment of feeding and supports growth performance under thermal stress (Attia et al., 2024). Additionally, essential amino acids such as methionine, lysine, and arginine play crucial roles in maintaining muscle development, reproductive efficiency, and antioxidant defense mechanisms.
4.2 Antioxidants and Heat Stress Mitigation
Oxidative stress is a major consequence of heat exposure, disrupting cellular metabolism, immune function, and overall bird health (Kumar et al., 2021). Supplementation with antioxidants—including vitamin E, selenium, carotenoids, and polyphenolic compounds—has been shown to reduce oxidative damage, enhance immunity, and improve production performance under heat stress conditions (Bilal et al., 2021). Recent studies highlight the benefits of natural plant extracts and phytochemicals in mitigating heat-induced stress. These bioactive compounds modulate inflammatory pathways, enhance thermoregulation, and stabilize gut microbiota, contributing to improved nutrient absorption and overall resilience (Oke et al., 2024). Integrating these dietary strategies into standard feeding programs is essential for sustaining productivity in climate-challenged environments.
4.3 Water and Electrolyte Management
Heat stress increases water loss through panting, leading to dehydration, electrolyte imbalance, and impaired physiological function (Sabry et al., 2023). Water quality and availability are therefore critical for maintaining performance and welfare under high-temperature conditions. Supplementation with electrolytes—such as sodium, potassium, and chloride—supports acid-base balance, thermoregulation, and nutrient utilization (Attia et al., 2024). Strategic water management practices, including drip drinkers, automated water systems, and regular monitoring of water consumption, can significantly improve bird resilience to heat stress. Coupled with feed-based interventions, these measures enhance survival, growth, and reproductive output under climate stressors.
4.4 Feed Resource Optimization and Sustainability
Climate change threatens global feed supply chains by affecting the availability and quality of feed ingredients such as maize, soybean, and other protein sources (Usva et al., 2023). Enhancing feed efficiency and utilizing alternative feed resources—such as insect meal, algae, and agricultural by-products—can reduce dependency on climate-sensitive crops while maintaining nutritional adequacy. Precision feeding, phase feeding, and nutrient recycling technologies can optimize feed utilization and minimize environmental impacts. These strategies not only reduce production costs but also enhance the sustainability and climate resilience of poultry systems by conserving resources and lowering greenhouse gas emissions associated with feed production.
5. Housing and Environmental Control for Climate Resilience
5.1 Thermally Optimized Housing
Poultry housing design is pivotal in mitigating the adverse effects of climate change. High ambient temperatures, humidity fluctuations, and extreme weather events can severely compromise bird welfare, productivity, and survival. Thermally optimized housing focuses on insulation, ventilation, and structural orientation to maintain favorable microclimates (Sultan et al., 2022). Innovations include double-roof systems, reflective materials, and wall insulation to reduce heat gain during peak temperatures. Orientation of houses to minimize direct solar exposure and maximize natural airflow further enhances thermal comfort. In cold or variable climates, thermal regulation also includes windbreaks, supplemental heating, and temperature zoning within large flocks.
5.2 Ventilation and Cooling Strategies
Proper ventilation is critical for controlling temperature, humidity, ammonia levels, and airborne pathogens. Natural ventilation, relying on wind and chimney effects, is effective in moderate climates, whereas mechanical ventilation (fans, exhaust systems) and evaporative cooling are essential under extreme heat stress (Biswal et al., 2022). Cooling strategies, such as misting, fogging, and air conditioning, reduce core body temperature, improve feed intake, and enhance egg and meat quality. Automated climate-control systems that integrate temperature, humidity, and airflow sensors allow real-time adjustments, maximizing bird comfort and reducing energy consumption (Attia et al., 2024).
5.3 Lighting and Photoperiod Management
Adjusting lighting regimes can improve productivity under heat stress. Reduced photoperiods and low-intensity lighting help lower activity levels, reduce heat generation, and minimize stress. Conversely, optimal lighting schedules can maintain reproductive performance and growth in fluctuating environmental conditions (Kumar et al., 2021).
6. Biosecurity and Disease Management in a Changing Climate
6.1 Climate-Linked Disease Risks
Climate change exacerbates disease pressures by influencing pathogen survival, vector populations, and disease transmission dynamics. Heat stress, humidity extremes, and flooding can increase susceptibility to viral (Newcastle disease, avian influenza), bacterial (Salmonella, E. coli), and parasitic infections (Nawab et al., 2018). Climate-resilient disease management integrates environmental monitoring, early detection, and preventive interventions. Awareness of seasonal and regional disease patterns allows timely vaccination and biosecurity measures.
6.2 Vaccination and Immune Support
Vaccination remains the cornerstone of poultry disease control. However, heat stress can impair immune responses, reducing vaccine efficacy (Bilal et al., 2021). Nutritional immunomodulation—through vitamins (A, E), minerals (selenium, zinc), and probiotics—enhances vaccine responsiveness and overall resilience. Advanced approaches, such as recombinant vaccines and RNA-based immunizations, offer rapid adaptation to emerging pathogens influenced by climate change (Williams et al., 2024).
6.3 Biosecurity Practices
Effective biosecurity reduces disease introduction and spreads. Key measures include: Controlled farm access and disinfection protocols, Separation of age groups to prevent cross-infection, Rodent and vector control, Safe disposal of litter and dead birds, Integration of technology—such as automated monitoring, GPS-based tracking of disease outbreaks, and digital farm management—strengthens biosecurity under climate-induced stress conditions (Oke et al., 2024).
7. Policy, Socio-Economic Strategies, and Climate Resilience
7.1 Policy Frameworks
Government policies and regulatory frameworks play a crucial role in climate-resilient poultry systems. Policies that incentivize sustainable practices—such as energy-efficient housing, renewable energy adoption, and climate-smart feed sourcing—support farm-level adaptation (Usva et al., 2023). Additionally, regulatory oversight on animal welfare, disease control, and genetic resource conservation ensures long-term productivity and sustainability. Integrated policies linking agriculture, climate adaptation, and rural development maximize resilience and economic viability.
7.2 Socio-Economic Interventions
Socio-economic factors, including market access, financial support, and extension services, determine the success of climate-resilient practices. Microfinance programs, insurance schemes, and cooperative models help farmers adopt advanced housing, feed optimization, and biotechnological innovations. Capacity building, farmer education, and participatory approaches facilitate knowledge transfer on heat stress management, biosecurity, and sustainable production practices (Sultan et al., 2022). Social equity and inclusivity are essential for widespread adoption of climate-smart poultry technologies.
8. Future Perspectives and Research Directions
8.1 Integrative Climate-Resilient Strategies
Future research should adopt a systems-level approach, integrating genetics, nutrition, housing, biosecurity, and socio-economic considerations. Multi-disciplinary collaborations between animal scientists, geneticists, engineers, and policymakers will optimize poultry production under climate stress.
8.2 Emerging Technologies
Innovations such as precision farming, IoT-enabled climate monitoring, machine learning-based predictive analytics, and CRISPR gene editing hold promise for developing highly resilient poultry systems (Madkour et al., 2022; Williams et al., 2024).
8.3 Conservation of Indigenous Breeds
Conservation and utilization of indigenous poultry breeds, which often possess inherent thermotolerance and disease resistance, are crucial for sustainable adaptation. Genomic characterization and selective breeding of local strains can enhance productivity while preserving genetic diversity (Kumar et al., 2021).
8.4 Sustainability and Circular Bioeconomy
Future poultry systems must minimize environmental impacts through sustainable feed sourcing, waste recycling, renewable energy adoption, and reduced greenhouse gas emissions. Integration of poultry production with circular agriculture systems enhances resilience and resource efficiency (Usva et al., 2023).
9. Conclusion
Climate change presents multifaceted challenges to poultry production, including heat stress, disease risk, feed insecurity, and fluctuating environmental conditions. Addressing these challenges requires a holistic approach that combines: Genetic and genomic innovations for heat tolerance and disease resistance, Nutritional strategies to mitigate oxidative stress and maintain productivity, Climate-optimized housing and environmental control systems, Robust biosecurity, vaccination, and disease management, Policy support, socio-economic interventions, and technology adoption. By integrating these strategies, the poultry sector can enhance resilience, maintain productivity, and ensure food security under a changing climate. Future research and technology deployment should focus on multi-disciplinary, sustainable, and inclusive approaches that safeguard both poultry production and livelihoods in vulnerable regions.
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