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Abstract
Climate change affects ruminant livestock production systems through direct impacts
on animal physiology and production, while indirectly through feed availability, water
availability composition, and quality. These impacts may be positive or negative and
will vary across geographical regions, animal species, and adaptive capacity. The ruminant animal productions have several adaptive mechanisms to maintain homeostasis
through behavioral, physiological, and morphological. The Potential adaptation strategies involve land-use decisions, animal feeding changes, genetic manipulation, breeding, and species improvement, and alteration. Integrated livestock-crop production
systems can reduce impact, and increase productivity, diversify production, and enhance resiliency ruminant livestock productions. So, adaptation strategies of ruminant
livestock’s productions have ability to survive, and reproduce in the conditions of poor
nutrition, parasites, and diseases, as well as their tolerance to heat. Pastoral Mobility
was a survival and resource management strategy commonly practiced by herder societies for increased adaptability to climate changes. Ruminant livestock is also an important component of all farming systems and provide draught power, milk, meat, manure,
hides, skins, and other products for most countries. A review of this seminar paper was
prepared on the adaptation of the ruminant livestock production system strategies to
climate change. Effective adaptation strategies to minimize negative impacts on ruminant production systems due to climate change will need to be multi-dimensional.
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1. Introduction
Ruminant livestock is a global resource for both developing and developed countries. They provide multiple benefits that
include food, clothing, fuel, nutrient cycling for soils, draught, income and employment, and a means of future food and income insurance against climate and weather-associated [1]. The global surface temperature was increasing on average by
0.81°C above the 20th century [2]. This may cause an increased temperature, changes in the amount of rainfall, and shifts in
precipitation patterns, and an increased frequency of extreme weather events and impact on livestock [3]. The effects of climate change on livestock productions will vary by region, animal species, and product type and may be positive or negative [4].
Climate change leads to reductions in livestock productivity by directly depressing animals’ adaptive response mechanisms,
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altering the spread and prevalence of diseases and causing heat stress and increased competition for resources [5] and indirectly by compromising the availability of feed crops and quality of forages [6].
According to Feleke [7], climate change had thermal, nutritional, and water-related stresses, restlessness, and affected livestock productivity. Among the ruminant livestock species, especially small ruminants like sheep and goats, are more vulnerable
to climate change due to their heavy reliance on climate-sensitive resources and immobility during floods [8] and may not
adapt to extreme climate change events such as shortages of fodder, floods, and droughts [9]. Even though such kinds of stress
exist, ruminant livestock resistance to climate change, improving productivity, modifying the environment, and improving nutritional management due to increased adaptability [10]. Ruminant livestock has optimal temperature ranges for growth and
comfort known as the thermo neutral zone (TNZ) that depend on the species, animal age and physiological state, relative humidity, and other factors. Within the TNZ, ruminant livestock has the highest productivity and most efficient conversion of
feed [11]. If temperatures are too cold, metabolism may increase, reducing growth. Low temperatures will result in increased
feed intake to meet increased maintenance energy needs [12]. Above the TNZ, heat stress may lead to decreased feed intake
and production, increased mortality, or decreased reproduction. With climate change, the issue is how temperatures at a particular location change relative to different species of TNZ [11].
The processes by which domestic animals respond to changes in their environment are critical to survival, but often negatively affect the productivity and profitability of livestock systems [10]. Livestock producers have traditionally adapted to environmental and climate change. The interactions of livestock with their environment are complex and depend on location and
management practices. Most traditional ruminant livestock production systems are resource-driven, making use of locally
available resources with limited alternative uses. In mixed production systems, traditionally managed ruminant livestock often
provides valuable inputs to crop production, ensuring close integration [13]. The best adaptation options will combine technological, behavioral, management, and policy options to effectively offset the negative effects of climate change and maximize any benefits. Adaptation in the form of genetic manipulation, breed change, and/or species change may be needed [14]. For
instance, the differentiation of goats from cattle may be in order as (a) goats are better adapted to hotter conditions; (b) goats
possess skillful grazing behavior, and (c) the goat digestive system is more efficient as the rumen can serve as a fermentation
vat and water reservoir. One should note that animal physiology and genetics limit an animal’s adaptive capacity and that livestock breeders can alter traits to enhance adaptation [15].
Incremental adaptations (simple adjustments to existing farming systems) [16] which are applicable on a range of time
scales can be one of the activities or maybe on a historical trend of progress, for example, animal genetic improvement [17].
The importance of this review was that ruminant livestock production strategies has the potential to strengthen resilience to
climate change and that ruminant livestock production systems tend to be more adaptive than crop-based production systems
[9]. Ruminant livestock production farming is a crucial adaptation mechanism for poor and vulnerable people in variable environments where there are many risks. Adaptation is based on the resistance mechanisms of ruminant animals to climatic conditions, diseases, and food shortages, on the ability of these animals to make effective use of the diversity of plant species, on the
rapidly deployable standing capital function, and on mobility. The diversity of ruminant livestock production systems also enhances the range of adaptation capacities [18]. There are different directions where ruminant livestock production adapted to
climate change. So in this review, we explain the basic information on the extent and effectiveness of ruminant livestock production responses to climate elements such as temperature and to extreme events based on the literature. The main objectives
of this seminar papers was to address the ruminant livestock production systems adaptation options to climate change.

2. Ruminant Livestock Production System Adaptation Strategies’ to Climate Changes
2.1. Concept and Definition of Ruminant Livestock adaptation strategies to Climate CC
Livestock, which includes ruminant and monogastric species, accounts for 18% of global calorie consumption and 25% of
global protein consumption. Ruminant livestock such as cattle, buffalo, sheep, and goats generate high amount of protein every
year, according to estimates [19]. Adapted ruminant Livestock productions are an important component of nearly all farming
production systems and provide draught power, milk, meat, manure, hides, skins, and other products [20]. Climate change is
defined as a long-term trend that implies a movement in the climate over a decade [3].
Adaptation to climate change is one of the pillars of Climate smart agriculture (CSA) and the process of making changes in
natural or human systems in response to present or anticipated climatic stimuli or their effects, to moderate damage or take
advantage of positive opportunities [21]. Changes in animal management systems by developing tolerant breeds, improving
water access, improving pasture species, nutritional interventions, provision of shade, housing, fans, and sprinklers are among
the adaptation ruminant livestock production systems adjustments and genetic improvement for thermo-tolerance and their
strategies used to sustain ruminant production. Approaches such as ruminant animal breeding, diet, housing, and health are
necessary to reduce the negative effects of climate change on livestock [22]. The adaptive capacity of a ruminant livestock
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production system refers to its ability to adapt to climate change, particularly climate variability and extremes, to mitigate
possible damage, seize opportunities, or cope up with the consequences [4].
There are a variety of methods available to help ruminant livestock owners adjust to CC. Diversification, intensification, and
integration of pasture management, livestock, and crop production; changing the timing of operations; conserving nature and
ecosystems; modifying stock routings and distances; and introducing mixed livestock farming systems and pasture grazing are
all possible changes in ruminant livestock production systems [23].

2.2. Climate Change affecting ruminant Livestock Production Systems
Potential impacts of climate change on livestock include direct effects on animal physiology, production, and behavior [1]
and indirect effects changes in water availability and the quantity and quality of forage and feed crops [24]. Factors influencing
these effects include increases in atmospheric levels of carbon dioxide (CO2), higher temperatures, and changes in the amount,
seasonality, and variability of precipitation [1]. Climate change impacts with a 2°C average global temperature rise may be
more severe as estimated by the IPCC.
Much of the world’s grasslands and grazing areas are found in the tropics and subtropics, as are some of the world’s poorest
people who rely on those lands for food security. In these areas, where socio-economic variables such as reliance on local food
production and vulnerability to land degradation add to the risk of food insecurity, ruminant livestock is crucial to providing
nutritional demands. While societies have traditionally coped with high climate fluctuation by adopting locally adapted animal
breeds that are more resilient than many temperate phenotypes, future capability to cope with hotter, drier, and more extreme
conditions may necessitate more adaptation expenditure [14].

2.3. Ruminant livestock production system adaptation strategies to climate change
Global food security and the growing demand for animal products related to a rising population and increasing income emphasize the importance of climate adaptation strategies to minimize adverse impacts on animal production. However, ruminant
livestock is one of the food and fibre production systems most vulnerable to climate change, and also rangelands occupied by
ruminant animals in tropical and subtropical regions are sensitive to the impacts of climate change, with more than 50% of
total meat and 60% of milk produced in these zones [19]. Ruminant livestock has physiological characteristics that are unique
traits, such as disease resistance and drought tolerance, and represent an important source of genetic diversity that animal
breeders can use in responding to pest and disease outbreaks and climate change [20]. Responses to direct impacts on ruminant
animals include changes in feed management likes as balancing feed, forage, supplements, stocking rates, genetic selection,
disease risk management, climate control and timing of reproduction [25]. Adaptation to climate change refers to adjustments
in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderate farming or exploit beneficial opportunities [21].
2.3.1. Pastoral ruminant productions system to climate change
Adjustment of pastoral ruminant livestock productions practices comprised of a number of adaptation choices. These are increased mobility, more adoption of drought-tolerant ruminant livestock species, increasing resort to purchased hay, competitive
individual household land grabs for strategic private range enclosures for the double purpose of cereal cultivation, and fodder
production [25]. Ruminant species will have the ability to cope with climate change, especially goats, because they are tolerable to heat stress, and hence desirable species to rear at high temperature zones [26]. The ability of goats to cope with stress
due to their ability to produce higher plasma flow of cortisol when exposed to multiple stressors and important species difference that should be considered when selecting/breeding for production in regions with extreme climatic conditions [28]. Farmers and pastoralists need to switch to ruminant species and breeds that can cope with the prevailing weather conditions, producing meat and milk in poor conditions requiring less input and low environmental impact. Goats can tolerate the changing
climate because they are efficient desert dwellers, and they have high digestive efficiency for survival in harsh climatic conditions [22, 26].
(1) Ruminant livestock Mobility strategies
Mobility remains the most important pastoralist adaptation to spatial and temporal variations in precipitation. Encouraging
mobility was a strategic reaction to the variability and scarcity of pastures. According to [3] increasing livestock mobility, a
traditional strategy of nomadic and transhumance herders for matching animal production needs with changing range land resources, can significantly enhance the resilience of these livestock systems to climate change. During ruminant livestock mobility, the nomads adapted their production to the difficult eco-climatic situations and developed a natural resource management system implemented by consensus and pastoral solidarity, as well as shared responsibility [29]. The primary adaptation
was the replacement of herds by goats because of their capacity for adaptation and their reduced food requirements, with the
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addition of some camels and cows [30]. As many pastoral communities are becoming less mobile, they become more vulnerable to the effects of climate change. Shocks brought about by climate-driven variability in livestock production can be buffered
by ruminant livestock production through ruminant animal movements, adjustments in feed baskets, health interventions, and
animal off-take for the market [31]. However, livestock may be required to walk long distances in search of feed and have to
cope with less frequent watering due to climate change [29].
2.3.2. Mixed crop ruminant livestock productions system to climate change
Bringing of mixed ruminant livestock farming system is a strategy for adapting to climatic change [32]. According to [33],
integrated livestock-crop production systems are an emergent management strategy and as [34] stated that integrated livestock-crop production systems can reduce enterprise risk, restore degraded land, increase productivity, diversify production, and
enhance resiliency of the land. For more, by integrating ruminant livestock with crops as well as with forests, manure from
livestock can be used as fertilizer to improve soil nutrient status and soil organic matter [33]. Large ruminant livestock is very
popular among ruminant farmers and these include cattle, buffalo, camel, etc. Among the large ruminants, cattle production
has been improved with specializations in milk and meat industry. Small stock species such as goat and sheep are key species
in the tropics and the subtropics because they are well adapted and could begin to dominate over large stock species owing to
their grazing or browsing capabilities [35].
2.3.3. Diversification ruminant livestock productions system to climate change
Keeping different livestock species is one of the adaptive measures in climate change and also diversification is an essential
adaptation strategy with economic value to boost smallholder adjustment during climatic stress [36]. Heat wave and drought
tolerance can be improved by diversification and production during climatic stress. The ability of diversification to limit pests
and diseases caused by climate change and improve the productivity of ruminants [37]. Diversification of livestock and crop
varieties can increase drought and heat wave tolerance and may increase livestock production when animals are exposed to
temperature and precipitation stresses. So, diversity of ruminant livestock with crops is effective to decrease climate
change-related diseases and pest outbreaks [38, 39].

2.4. Ruminant livestock adaptive mechanisms to climate change
Adaptation of ruminant livestock to different locations depends upon prevailing climatic conditions, type of feed availability,
species, and breed. Some of these, like small ruminants, camels, can tolerate a very high range of temperatures and have the
capacity to convert low-quality forage to quality animal protein [4]. Ruminant livestock has physiological adaptability and
primary response mechanisms that aid animal survival during exposure to high heat load. Exposure of animals to heat load
induces an increase in the dissipation of excess body heat into the environment to reduce the heat load on their bodies [40].
Reducing body heat at night helps the animals cope with higher temperatures during the daytime. Respiration rate and rectal
temperature are ideal indicators for quantifying heat stress in several ruminant species [41]. There are also behavioral adaptations that respond to heat-stressed include shade seeking, reduced feed intake, increased water intake and drinking frequency,
increased standing time, decreased lying time, and reduced defecation and urination frequency [5,42].

2.5. Adaptive response of livestock production to climate change
2.5.1. Climate change forage production and quality
Climate change effects on productivity and quality of pasture and forage consumed by ruminant livestock are expected to be
regionally specific. In temperate regions, the effects of climate change on grassland production may be positive due to prolonged growth with slight increases in ambient air temperature combined with elevated CO2, provided water and nutrient supplies are not limited. In tropical and sub-tropical rangelands, both high temperatures and water scarcity appear more likely to
result in lower forage quantity under future climate. In both regions, the nutritive value of forages may decrease as crude protein (CP) and digestibility decline [22]. Ruminant livestock production systems that are adapted to this area are more productive than those in the hot areas. The increasing temperature and declining precipitation decreased forage CP content and increased the ratio of digestible organic matter to CP content for regions with continental climates. In temperate high rainfall
climates, particularly in dairy pastures where nitrogen (N) fertilizer is applied, pasture protein levels are typically more than
animal requirements for much of the year [20].
2.5.2. Adapting to changing water security
Water is the most important input in ruminant livestock production systems, mainly in feed crop production [18]. Climate
change affects water availability, and water scarcity and depletion are reported to seriously reduce livestock productivity [43].
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Water intake by livestock is related to animal size, age, diet, animal activity, temperature, and physiological status of animals
(lactation and growth rate). The drinking of water for cattle should be between 5°C and 18°C and when the ambient temperature exceeded 27°C, water and feed intake decreased, negatively affecting animal productivity [17]. In response to global
warming, adaptation strategies will be needed to meet freshwater requirements, in terms of both quantity and temperature, for
both productivity and welfare of ruminants [37]. In rangelands, increasing the number of watering points will reduce the distance animals have to walk to drink and will have the co-benefit of encouraging more even pasture utilization. These extensive
systems, including shade over watering points will reduce evaporative loss, reduce water temperatures, increase the efficacy of
water intake by animals and thus assist with reducing heat stress [22].
2.5.3. Adaptive response of ruminant livestock production system to heat stress
The adaptive capacity of ruminant animals is generally evaluated by assessing the ability to produce under extreme climates,
and the capacity to show minimal deleterious effects on production, lower mortality rates, and maintenance of reproductive
efficiency. Indigenous breeds that have evolved in tropical and subtropical regions have a higher adaptive capacity to heat
stress than exotic breeds. The adapted local breeds can be better alternatives as an appropriate bio-resource to sustain small
ruminant production under changing climatic conditions [41].
Ruminant livestock normally maintains their body temperature within a fairly narrow range (0.5°C) [44]. When animals are
exposed to combinations of high temperature, solar radiation, and humidity and are not able to adequately dissipate accumulated heat, heat stress occurs [4]. A heat stress response can be influenced by numerous factors: species, breed, previous exposure, health status, level of performance, body condition, age, coat color, lactation stage and body condition [22, 44]. The negative effects of heat stress include compromised metabolic and digestive functions that reduce milk production and quality,
compromise animal welfare, reduce reproductive efficiency, and, in extreme cases, cause death [44, 45]. A heat stress response
can be influenced by numerous factors: species, breed, previous exposure, health status, level of performance, body condition,
age, coat colour, lactation stage, and body condition [14]. Animals within the same breed exhibit greater tolerance to heat
stress due to genotypic differences because those animals have a range of optimum environmental temperature requirements
[46].

2.6. Adaptation options for ruminant livestock production to climate change
Adaptation strategies can improve the resilience of crop and livestock productivity to climate change [47]. Adaptation
measures involve production and management system modifications, breeding strategies, institutional and policy changes,
science and technology advances, and changing farmers’ perceptions and adaptive capacity [39, 47]. Adaptation strategies ruminant livestock productions address not only the tolerance of livestock to heat, but also their ability to survive, grow and reproduce in conditions of poor nutrition, parasites and diseases. Such measures could include: (i) identifying and strengthening
local breeds that have adapted to local climatic stress and feed sources, and (ii) improving local genetics through
cross-breeding with heat and disease-tolerant breeds [32].
2.6.1. Ruminant livestock management system
The impacts of extreme heat load events on livestock can be adapted by adjusting their environment and diet, and by selecting animals that are more heat tolerant [15]. An adaptation such as the modification of production and management systems
involves diversification of livestock animals and their feed, integration of livestock systems with forestry and crop production,
and changing the timing and locations of farm operations [39].
In addition, adjusting the animals’ environment and improving the ability of the animal to dissipate body heat can include
providing shade, sprinklers, misters, and fans, but ensuring access to adequate drinking water is paramount [14]. The impact of
extreme and variable climate conditions like heat stress can be reduced by housing and management measures. Proper housing
can prevent heat stress, especially when the temperature and air refreshment rate can be regulated. In countries where capital is
available, industrial, specialized breeds can effectively increase production more or less independently of climate conditions.
Improvements in housing and management can be seen as a climate adaptive measure by itself [48].
2.6.2. Ruminant livestock genetic/breed strategies
(1) The Potential for genetic improvement of ruminant livestock
Ruminant livestock production is selected for meat, fleece, and milk production, and breeding objectives also incorporate
other functional attributes such as reproductive efficiency and disease resistance. A ruminant livestock genetic flexibility to
adapt to extreme environment reflects in its productive and reproductive performances [40]. However, higher sensitivity to
sudden environmental disturbances has become a major issue due to climate change. The best mechanism to tolerate climate
DOI: 10.26855/oajrces.2021.11.001
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change is to rear local breeds adapted to harsh environments. Most developed country breeds have been studied for the past
many decades in case the climate is managed [49]. The selection of animals is a cost-effective, cumulative, and permanent
strategy that exploits natural variation among breeds for desirable traits. Thus, improved animal genetics can contribute to both
adaptation and mitigation approaches to sustain animal production in the changing climate scenario [41]. Important traits in
such selection schemes are skin and hair type, sweat gland capacity, reproduction rate, ability to maintain productivity in difficult conditions, resistance to local diseases and parasitic infestation, metabolic heat production, tolerance to drought, and anatomic and morphologic structure are some important impacts which are likely to derive from climate change [50].
(2) Species/Breed selection strategies to adapt to ruminant livestock production systems
Indicators of animal performance such as weight gain, milk production, wool production, and reproductive efficiency were
influenced by ambient temperature, humidity, and wind speed. The effect of climate change on animals’ productive function
depends on the animal’s adaptive potential, which is a relative function of its species and breeds [51]. In warmer locations,
producers favored goats and sheep rather than beef cattle and chickens because farmers may adapt to climate change by shifting from crop production towards livestock production, or mixed farming systems, with a shift in the animal species most
suited to the local environmental conditions. An animal’s genetic flexibility to adapt to extreme environments is reflected in its
productive and reproductive performances [40].
Breeding is essential to increase livestock productivity or resilience to certain conditions by improving productive traits such
as weight gain, milk yield, and fertility [31]. Changes in breeding strategies can help animals increase their tolerance to heat
stress and diseases and improve their reproduction and growth development [14]. In addition, policy measures that improve
adaptive capacity by facilitating the implementation of adaptation strategies will be crucial [47]. For example, developing international gene banks could improve breeding programs and serve as an insurance policy [37].
Many ruminant livestock local breeds are already adapted to harsh living conditions and well adapted to the local climate,
but production levels of local breeds are usually lower, compared to specialized, more widely used breeds [48]. Genetic selection under optimal temperature and humidity conditions and frequently tailored to more intensive systems in temperate climates. This approach may result in animals that are less adaptive to less favorable conditions [14]. Natural selection for local
ruminant livestock breeds has favored with higher heat tolerance that is more able to cope with thermal variations, stress, and
tropically adapted breeds also have a greater capacity to grow and reproduce during unfavorable seasonal conditions with poor
nutrition and higher disease and parasite pressures than high-performance breeds of temperate [52]. So during Breeds and species selections that are more adapted to local C are acceptability. According to [53], breed choice between Bostaurus, Bosindicus, and composite breeds in Texas, finding summer heat stress influenced breed selection, with heat stress favoring Bosindicus, while reducing Bostaurus and composite breeds. Different ruminant livestock species or breeds respond differently to climate alterations and those livestock producers can adapt to CC by changing species or breeds [54].
2.6.3. Production adjustments and developing more productive climate-adaptive breeds
The practices that can be changed to increase climate resilience are (i) diversification, intensification, and/or integration of
pasture management, livestock, and crop production; (ii) changing land use and irrigation; (iii) altering the timing of operations;
(iv) conservation of nature and ecosystems; (v) modifying stock routings and distances; (vi) introducing mixed livestock farming systems, such as stall-fed systems and pasture grazing [32]. To generate breeds with increased output while keeping climate-adaptive traits, well-considered breeding programs are required. While there is often a short-term focus on expanding
production and a lack of long-term policies, breeding programs are long-term investments. Breeding firms spend a lot of money developing specific breeds for specific settings, and it’s not always viable for them to do so. To connect public and private
interests, breeding programs in tropical countries or countries with extreme or unpredictable climates could be formed through
public-private partnerships and investments by leading breeding businesses [48].
2.6.4. Capacity building for ruminant livestock producers
There is a need to improve the capacity of livestock producers and herders to understand and deal with climate change, increasing their awareness of global changes. Ruminant animals’ capacity to minimize influenced by disturbances or to quickly
return to the resting state before the disturbance is called resilience [55]. Efficient and affordable adaptation practices for ruminant livestock production need to increase their productivity [56]. These could include: (i) provision of shade and water to
reduce heat stress from increased temperatures; (ii) reduction of livestock numbers; a lower number of more productive animals leads to more efficient production and lower GHG emissions from livestock production [39]; (iii) changes in livestock/herd composition (selection of large animals rather than small); (iv) improved management of water resources through the
introduction of simple techniques for localized irrigation, accompanied by infrastructure to harvest and store rainwater [57].
The more information’s of ruminant livestock adaptations strategies are summarized in Table 1.
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Table 1. Short summery of Ruminant livestock adaptation options (strategies)
Adaptation
Production adjustments
Breed improvement

Ruminant Livestock Adaptation Strategies
•

Shift timing of breeding, feed, and water availability

•

Identify existing breeds(local breed) that are already adapted to climatic condition

•

Cross-breeding and selections that are stress-tolerant breed.

•

Science and technology

Management systems

Capacity building

References
[4]
[15]

Understanding of the impacts that environmental then
performance

develop new breeds, improve

•

Develop drought and heat tolerant plants

•

Improved grazing strategies

•

Enhance soil and water management

•

Determine the climatic thresholds that lead to excessive heat load breeds

•

Adequate shade and water to reduce heat stress

•

To reduce the impact of high temperature /humidity by housing

•

Reduce livestock numbers match animal numbers to available resources

•

Change ruminant livestock species

•

Improved management of grazing lands

•

Training in agro-ecological technologies and practices

•

Access to finance, energy, transport

•

Government policy

[37]

[54]

[58]

3. Conclusions and Recommendations
Ruminant livestock can determine their role in attaining food security in the face of climate change and will continue to contribute significantly to the global food supply. The evaluations stress the necessity of ruminant livestock production system
adaptability to climate change, as well as the ability to maintain productivity in challenging conditions by tolerating various
settings.
Adaptation tactics address ruminant livestock’s ability to survive, thrive, and reproduce in conditions of poor nutrition, parasites, and diseases, as well as their tolerance to heat through physiological, morphological, and behavioral changes. This will
be accomplished by various methods available to help ruminant livestock owners adjust to climate change. Diversification,
intensification, and integration of pasture management, livestock, and crop production; changing the timing of operations;
conserving nature and ecosystems; modifying stock routings and distances; and introducing mixed livestock farming systems
and pasture grazing are all possible changes in the ruminant livestock production system through identifying and strengthening
local breeds that have adapted to local climate conditions and feed sources, as well as improving local genetics through
cross-breeding that adapts heat-tolerant. The adaptation of ruminant livestock production to climate variability is a valuable
way to keep ruminant production going in a changing climate.
For prospects, the most important future approach to dealing with climate change, the section emphasizes creating a sustainable improvement of agro-ecological ruminant livestock breeds with increased thermal tolerance and determining the rate
of natural selection between forage species. Genetic selection-based improvements in ruminant livestock are low. Therefore,
developing long-term genetic improvement strategies to mitigate climate change is crucial. Diversification can be an important
element of climate change adaptation of ruminant livestock productions, farmer’s and farming community’ capacity building
to manage diversification and mixed crops and ruminant livestock.
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