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SUSTAINABLE LIVESTOCK PRODUCTION  

UNDER HEAT STRESS 
 

Modern livestock production is increasingly challenged by climate change, which 

leads to higher ambient temperatures, more frequent heat waves and unstable 

environmental conditions. Under these circumstances, heat stress becomes not only a 

physiological problem but also a key factor limiting the sustainability of animal production 

systems. Therefore, the concept of sustainable livestock farming must integrate 

environmental control, biological adaptation and technological innovation to ensure long-

term productivity, animal welfare and resource efficiency [1, 5]. 

At the environmental level, sustainable solutions are focused on improving 

microclimate conditions in livestock buildings. Recent studies demonstrate that advanced 

cooling systems, including energy-efficient and water-saving technologies, significantly 

reduce thermal load in cattle housing and improve production stability [1]. These 

approaches are particularly important in regions with continental climates, where rapid 

temperature fluctuations intensify stress exposure. At the same time, environmental 

management must consider not only temperature reduction but also its interaction with 

humidity, ventilation and housing design, which together determine the actual heat load 

experienced by animals. 

From a biological perspective, resilience to heat stress is determined by complex 

physiological, behavioural and immune responses. Elevated temperature disrupts 

thermoregulation, alters metabolism and reduces feed intake, leading to decreased 

productivity and increased susceptibility to diseases. Experimental evidence shows that 

combining cooling strategies with immunomodulatory nutritional interventions enhances 

immune status, supports mammary gland integrity and improves adaptive capacity during 

critical periods such as the dry period [2]. In parallel, phytogenic feed additives contribute 

to improved immune function and growth performance, reinforcing the organism’s 

resistance to environmental stressors [4]. These findings indicate that sustainable livestock 

systems must rely on integrated biological support rather than single-factor interventions. 

Behavioural and physiological responses provide important insight into the adaptive 

capacity of animals and serve as early indicators of stress. Changes in activity, feeding 

patterns and physiological parameters reflect the interaction between animals and their 

environment. Studies in both cattle and pigs confirm that microclimate conditions directly 
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influence behavioural responses and productivity outcomes, highlighting the importance 

of precise environmental control [5]. Moreover, heat stress affects circadian rhythms and 

endocrine regulation, which further complicates adaptation processes and requires time-

sensitive management strategies [6]. 

In this context, technological innovation plays a central role in achieving 

sustainability. Modern approaches are increasingly based on non-invasive monitoring 

systems and precision livestock farming technologies. The use of behavioural sensors, 

thermal imaging and physiological indicators enables continuous assessment of animal 

status without inducing additional stress [3]. Furthermore, the integration of artificial 

intelligence allows the identification of critical stress thresholds and prediction of animal 

responses based on circadian and environmental data, providing a new level of decision 

support for farm management [7]. 

Thus, sustainable livestock production under heat stress should be considered as a 

multi-level system that integrates environmental management, biological resilience and 

digital technologies. The effectiveness of such systems depends on their ability to combine 

climate adaptation strategies with real-time monitoring and targeted interventions. 

Conclusions. Sustainable livestock farming under modern climate conditions 

requires a systemic approach that combines adaptive housing technologies, biologically 

oriented feeding strategies and precision monitoring tools. The integration of cooling 

systems, immunological support and artificial intelligence-based management 

significantly enhances animal resilience, reduces productivity losses and improves 

welfare. Future development of livestock systems should focus on strengthening this 

integration to ensure long-term sustainability, efficiency and adaptability to climate 

change. 
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