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Abstract 

Livestock production is an essential component of food security in developing countries across the globe. Apart 
from providing food, livestock production offers smallholder farmers a wide range of benefits, such as income, 
employment, and fuel. However, as human populations in developing countries increase, the demand for 
livestock production will also increase. At the same time, the world is experiencing rapid global warming, and 
climate change is expected to affect livestock production in multiple ways. This review paper aims to present 
insights on some livestock production areas, particularly beef and dairy, that are affected by climate change and 
will discuss possible adaptation and mitigation strategies for developing countries to adapt to and mitigate the 
impacts.  
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1. Introduction 

In developing countries across the globe, livestock production is a significant component of livelihood, food and 
income security that directly supports smallholder farmers. In addition, livestock production offers multiple other 
benefits such as clothing, employment, and fuel. However, as the human population in developing countries 
increase, it will cause a shift in the demand for livestock production (Bekele, 2017). At the same time, the world 
is experiencing rapid global warming, which is responsible for causing variations in local climatic conditions. 
These changing climatic variations will affect the agriculture sector, particularly livestock production (Nardone 
et al., 2010). The risks associated with livestock production systems due to global warming can be characterized 
by levels of vulnerability, as influenced by animal performance and environmental parameters (Hahn, 1995). 

The risks associated with livestock production are minimum when a low level of vulnerability is created by a 
combination of performance and environmental factors. However, the animal’s susceptibility increases when 
their performance level rises, and when combined with a changing environment, the animal becomes more 
vulnerable (Nardone et al., 2010). Combining an adverse environment with high performance pushes 
vulnerability and consequent risks to even higher levels. Inherited genetic characteristics or management 
scenarios that limit their ability to adapt to environmental factors also place the animal at risk. Any environment 
other than near-optimal at very high-performance levels may increase animal vulnerability and risk (Thornton, 
2010).  

Climate change impacts livestock production through increasing temperature, drought, flooding, and variation in 
rainfall trends (FAO, 2015). Its potential impact on livestock production also includes changes in water 
availability, animal growth, milk production and quality of feed crop and forage, diseases and animal 
reproduction, and biodiversity (Abdurehman & Ameha, 2018). Climate change also poses significant risks to the 
sustainability of livestock and its production. Consequently, adaptation and mitigation strategies play vital roles 
in combating the climatic impacts on livestock (Sejian et al., 2015). In addition, there is a growing need to 
understand how climate change impacts livestock production (Aydinalp & Cresser, 2008), particularly in 
developing countries. It has been claimed that the most significant impacts of climate change on livestock 
production systems would be experienced in developing countries where communities are already living as 
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highly vulnerable (Thornton, 2010). This paper, therefore, reviews and examines the prospects of climate change 
on livestock production, particularly beef and dairy, and highlights adaptation and mitigation strategies for 
developing countries to adapt to and mitigate its impacts.  

2. Increased Temperature and Effects on Livestock Production 

The productivity and performance of livestock will be affected by climate change. The significant implications 
of climate change on livestock production include reducing livestock growth, milk production, livestock genetic 
resources, water availability, disease, reproduction, quality of feed, and forage resources (Henry et al., 2012). In 
addition, climate change will cause a reduction in body size, lower meat weight, and lessening of the fat 
thickness (Inbaraj et al., 2016). Thus, livestock production systems are vulnerable to climate change. There is no 
doubt that the vulnerability of livestock production will continue to increase, with negative consequences for 
rural communities, as losing livestock assets will result in poverty and jeopardize their livelihoods.  

One of the significant effects of climate change on cattle productivity and performance results from heat stress. 
Heat stress lowers the organic and inorganic milk components produced by dairy cows, causing substantial 
financial burdens on the farmers (Summer et al., 2019). It affects meat production and animal health and reduces 
reproduction efficiency (Abdurehman & Ameha, 2018). Increased temperature due to climate change causes the 
environment in which the animal survives to become hot, which does not favor the optimum production levels. 
The hot climate impacts agricultural cattle and causes direct and indirect heat stress on livestock output. The 
direct impacts generally consist of effects caused by increased frequency and intensity of heatwaves due to rising 
temperatures. The immediate effect of heat stress causes alteration responsible for producing metabolic 
disturbances and oxidative stress in cattle’s while indirect results of heat stress cause alteration in the availability 
of quality feedstuff and water for survival (Lacetera, 2019).  

The reproduction efficiency of livestock is also highly vulnerable to climate change. Heat stress due to increased 
temperature harms livestock reproduction performance (Hansen, 2007). For example, hot conditions disrupt 
several reproductive processes, resulting in pronounced depression of conception rate (Wolfenson & Roth, 2019). 
In cows for example, increasing temperature and high heat radiation load can negatively impact the reproductive 
rhythm via the hypothalamic-hypophyseal-ovarian axis (Sheikh et al., 2017). The main element for the 
hypothalamus regulating ovarian activity is the GnRH and the gonadotropins, i.e., FSH and L H., from the 
anterior pituitary gland, which tends to be also affected (Bekele, 2017). Heat stress also results in reduced length 
and intensity of the estrous period, adversely affecting their conception due to reduced estradiol secretion (Naqvi 
& Sejian, 2011; Naqvi et al., 2012). In addition, during pregnancy, heat stress can slow down embryonic 
development, resulting in reduced fetal growth and subsequently small calf size (Samir, 2017). In some instances, 
heat stress in dairy livestock has caused early embryonic deaths (Samal, 2013). 

In bulls, the concentration of semen, the number of spermatozoa, and motile cells per ejaculation were found to 
have decreased in summer, often resulting from increased abnormal temperatures (Sheikh et al., 2017). It was 
reported that their testis temperature reached around 2-6 degrees Celsius, lower than the average body 
temperature. Therefore, a correct ambient temperature range (5-15 degrees Celsius) is needed to produce better 
fertile and healthy spermatozoa (Zhou et al., 2020). If the testicular temperature increases above average, it can 
lead to infertility problems in bullocks (Cardozo et al., 2006). Similarly, changes in seasonal environmental 
parameters can reduce the reproductive performance of males (Balic et al., 2012). Heat stress has also been noted 
to cause a significant reduction in conception and fertility rate per insemination of males, consequently reducing 
male fitness (Bhakat et al., 2014).  

3. Impact of Climate Change on Mortality Rate in Livestock 

Climate change reshapes the environment in which livestock graze. Due to increased temperature, heat-related 
mortality can increase in livestock (Thornton et al., 2008). For example, heat stroke, hyperthermia, heat syncope, 
heat cramps, and organ failure in animals are caused by increasing temperature (Lacetera, 2019). Changing 
precipitation and drought prone areas can also lead to increased loss of domestic livestock (IPCC, 2007). In 
addition, livestock diseases are likely to increase due to drought (IPCC, 2007). 

Similarly, precipitation variations associated with drought can cause the untimely death of animals 
(Rojas-Downing et al., 2017). In areas where livestock is expansively grown, for instance, on rangelands, the 
impact of drought on rangeland productivity significantly impacts cattle population dynamics (Kanwal et al., 
2020). Furthermore, changes in environmental variables such as warmth and humidity can induce heat stress, 
responsible for causing an increase in livestock mortality and contributing to lower birth rates (Howden et al., 
2008). Additionally, such environmental variations can harm livestock by generating metabolic abnormalities, 
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causing oxidative stress, and immunological suppression, all of which can lead to livestock illnesses and death 
(Lacetera, 2019).  

4. Impact of Diseases and Parasites on Livestock Due to Climate Change 

Livestock diseases and parasites are also crucial factors affecting livestock production and productivity. The 
negative consequences of climate change on livestock health and welfare result from changes in air temperature, 
precipitation, frequency, and magnitude of extreme weather events that affect livestock (Lacetera, 2019). Climate 
change may induce infectious diseases, and specifically, a higher temperature may increase the rate of 
development of pathogens (Baylis & Githeko, 2006). On the other hand, changes in wind speed can alter the 
transmission of specific infections and vectors that can be deadly for livestock (Wittmann & Baylis, 2000). 
Additionally, pathogens and parasites that are sensitive to moist or dry environments may be affected by 
changing precipitation and flooding, increasing infestation and livestock mortality rates (Harvell et al., 2002). 
For example, McDermott et al. (2001), who researched African animal trypanosomiasis in cattle, concluded that 
climate change, particularly changes in precipitation, is linked with vector-borne diseases. The World Health 
Organization reported that climate change could indirectly influence the abundance and distribution of parasites 
or vectors that can affect the disease pattern and, in turn, affect livestock production (WHO, 1996). High 
temperature and change in rainfall patterns accelerate the spread of existing vector-borne diseases and 
macroparasites in livestock and introduce new diseases (FAO, 2007). For example, rising temperatures have 
previously resulted in new livestock diseases that affect animal health and welfare (Digambar, 2011). 

5. Impact of Climate Change on Livestock Feed Resources 

Climate change is expected to amplify the vulnerability of livestock feed, mainly related to quality and quantity. 
Climatic characteristics such as temperature and rainfall patterns greatly influence pasture quality and quantity, 
thus affecting the food resource availability cycle of the livestock throughout the year (Fereja, 2016). A study by 
Tubiello et al. (2007) revealed that high temperatures caused by climate change were responsible for increasing 
lignification in plant tissues, decreasing their digestibility factor. Similarly, warming and drying climatic trends 
were found to negatively affect rangeland productivity by lowering forages’ quantity and nutritional quality 
(Nardone et al., 2010). In addition, Hidosa and Guyo (2017) concluded that climate change reduces rangelands’ 
productivity and grazing capacity, causing higher levels of nutritional stress in livestock, thus affecting the 
farm’s overall productivity. Consequently, adverse effects on the food resource of animals, resulting from 
changing climates, will further increase the gap between feed and fodder availability and the requirement of feed 
and fodder to livestock (Samir, 2017).  

6. Impact of Climate Change on Water Availability for Livestock Production  

Water supplies from rivers and rainfall are threatened by climate change. The impacts are related to reduced 
water availability for livestock production and increased drinking water demand in tropical and subtropical 
climates. The results are a loss in water availability and forage water content and quality due to extended 
exposure to high ambient temperatures or drought (Abdurehman & Ameha, 2018). Fibrous fodder can raise 
fermentative heat and the thermoregulatory demand for water in animals (Nardone et al., 2010). Animals 
exposed to hot environments drink 2-3 times more water than animals in thermo-neutral situations, putting them 
at risk, and changes in water pH can impact animal’s metabolism, fertility, and digestion (Abdurehman & Ameha, 
2018). 

7. Impact of Climate Change on Livestock Genetic Resource 

Livestock genetic resource is defined as genetic diversity found among or within animal species or breeds having 
economic or other socio-cultural values (Kantanen et al., 2015). Livestock’s genetic resources play a crucial role 
in food security, nutrition, and livelihood and are critical components of sustainability, resilience, and 
adaptability in livestock production. However, livestock breeds and species are decreasing, affecting genetic 
biodiversity. For example, Thornton et al. (2009) highlighted that local breeds of livestock could become extinct 
due to climate change. In addition, climate change will enhance the growth and multiplication of new pests and 
diseases that will affect the livestock, particularly the local and indigenous breeds that are already highly 
susceptible. Likewise, Thomas et al. (2004) reported that climate change could eliminate 15 to 37% of all species 
globally, causing food insecurity, malnutrition, and livelihood problems among those who heavily depend on 
animals for survival. More specifically, a change in temperature by 2 to 3 degrees Celsius may result in 20 to 
30% of biodiversity loss of livestock (IPCC, 2014). Additionally, climate-induced extreme weather events such 
as droughts, flooding, and hurricanes will also affect many animal species and breeds. Such events can also 
completely wipe out all the breed population concentration locally, such as within a limited geographical area, 
affecting the local breeding program (FAO, 2015).  
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8. Livestock Adaptation Strategies to Climate Change 

Smallholder livestock farmers in the past have adapted to various ecological and climatic change impacts by 
building on their knowledge of the environment for rearing livestock (Myeki & Bahta, 2021). However, 
increasing population, urbanization, environmental degradation, and increased consumption of animals for foods 
have rendered the effectiveness of the coping mechanisms (Sidahmed et al., 2008). Moreover, the speed at which 
environmental-related changes occur due to global warming will likely outpace our adaptation strategies. 
Nevertheless, adaptation is one of the strategies that could reduce the impacts of climate change and can also be 
used to address the emerging risks associated with global warming. Several experts have identified the following 
adaptation techniques to increase adaptation in livestock production (Rischkowsky et al., 2008; Barrett et al., 
2008; Kitalyi et al., 2008; Henry et al., 2012; Tiruneh & Tegene, 2018; Bernabucci, 2019). Farmers can modify 
and enhance their current livestock production practices through the following methods. 

(I) Intensification and diversification of pasture management: The intensification and diversification of the 
pasture system will also increase grazing pressure and intensity (Cardoso et al., 2020). One way to achieve 
this is by planting drought-tolerant shrubs such as Atriplex and Acacia species because they are essential 
for rehabilitating rangeland. The shrubs can also be utilized as an ingredient in feed blocks (Estell et al., 
2012). Similarly, tree forages have shown potential to increase the growth performance of livestock, and so 
have pasture grass cultivars that are drought tolerant (Cyriac et al., 2018). Farmers can also develop 
low-cost feed blocks made from agro-industrial by-products such as tomato pulp, molasses, crude olive 
cake, sesame cake, citrus pulp, sunflower cake, and mulberry leaves (Yang et al., 2021).  

(II) Livestock management system: This is possible by providing farmers with efficient and cheap 
adaptation practices over expensive adaptation technologies, such as providing shade and water to the 
livestock to reduce heat stress from high temperatures. Livestock caretakers can also reduce or split the 
livestock herds into small manageable groups, allowing for smaller group movements of livestock into 
different areas for grazing purposes, ensuring the long-term productivity of rangeland. Flock management 
intervention can be adopted by farmers as well, as this will allow finding other suitable ways to feed the 
livestock, for example, during heavy droughts. Mobilizing livestock from drought-prone areas to areas that 
receive reasonable precipitation can act as a vital pastoralist adaptation to counter the challenges of spatial 
and temporal variations in rainfall. The introduction of localized and straightforward water irrigation for 
better management of water resources for livestock can also be implemented, for example, through the 
development of rainwater harvesting infrastructure and storage facilities (Sonder et al., 2003; Hilali et al., 
2010). 

(III) Nutritional management in livestock: When the temperature increases, feed intake by the livestock 
tend to decrease. Farmers can therefore graze their livestock during the night. Night grazing will partially 
fulfil the nutritional requirement, but the livestock will still exercise for normal physiological functions. To 
counter reduced feed intake, farmers can level up the concentration of vitamins and minerals to enhance the 
livestock’s health. In addition, a highly digestible high energy ratio is an effective feed formulation for 
livestock in summer because it aids in controlling their body temperature. In the form of livestock exercise 
on the hottest days, the walking time could also be reduced, because livestock walking, often in herds, 
allows the generation of heat loads. The farmers could take the feed to the livestock preventing long 
walking distances of the livestock to the piled feed locations. 

(IV) Breeding and acclimatization strategies: To counter heat stress problems due to climate change, it is 
crucial to breed indigenous or local livestock breeds. These breeds naturally have been found to have high 
heat tolerance capabilities and are adapted to the harsh realities of the environment. Farmers should 
improve local species through cross-breeding with heat and disease tolerant genotypes to allow better 
acclimatization of breeds. Farmers should also identify and strengthen local breeds that have adapted to 
local climatic stressors through reproduction technologies such as embryo transfer technology to increase 
reproduction efficiency in livestock. To increase livestock fertility during periods of heat stress, farmers 
should be trained to use supplementary hormones such as progesterone and improve heat synchronization 
in females through GnRH to improve fertility effectiveness. Livestock genetic resource management should 
be integrated into climate change adaptation planning at the production level to preserve local and exotic 
genetics. 

(V) Capacity building for livestock farmers is integral to improving livestock keepers’ capacity to 
understand and overcome climate change risk to livestock production by increasing their awareness about 
global climate change and its impacts. Furthermore, livestock producers should be trained with 
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agroecological approaches, methodologies, technologies, and practices to produce and conserve pasture, 
reducing malnutrition and mortality issues. In addition, it is vital to increase farmers’ capacity to improve 
the management, productivity, revenue, and long-term stability of their livestock systems. This could be 
achieved by continuously enhancing their inventiveness, strategies, procedures, practices, and performance.  

(VI) Early warning system is a data-gathering system that helps monitor and provide timely information on 
climate-related stress. The installation and implementation of early warning systems will give a 
strengthened rational approach to risk management and improve the prospect of sustainable livestock 
production through better disaster preparedness plans. In turn, this will increase the resilience capacity of 
livestock producers and maximize their ability to cope with external shocks and reduce their vulnerability 
to adversities resulting from extreme drought.  

9. Livestock Mitigation Strategies to Climate Change 

The selection and implementation of mitigation measures for livestock production, as a response to the impacts 
of climate change, should consider measures that are easy to implement and cost-effective to increase the 
capacity of local actors, particularly the smallholder livestock farmers. Livestock production systems, which are 
susceptible to climate change, contribute to global warming. This is because livestock themselves produce 
greenhouse gases, such as Methane and Nitrous oxide, majorly associated with livestock waste (Dourmad et al., 
2008). The mitigation of greenhouse gas emissions and livestock waste can be achieved through possible 
mitigation options. 

(I) Feeding management: There are various feed additives that reduce methane emissions. These include 
ionophores, antibiotics, halogenated compounds, and propionate precursors (Indira & Srividya, 2012). 
Feeding livestock with a higher concentration of concentrate in livestock diet can reduce methane 
emissions as a percentage of total energy intake (Singhal & Mohini, 2002; Sejian, 2013). Livestock farmers 
can also feed additives such as monensin to reduce methane emission by 21% (de Souza et al., 2021). In 
addition, livestock farmers can provide feed with higher efficiency and digestibility rate because it helps 
reduce greenhouse gas emissions (IFAD, 2009).  

(II) Better waste management involves improving livestock waste management and disposal through 
various mechanisms such as covered storage to reduce GHG emissions. Disposal improvement of farmyard 
manure can be used for biogas production to reduce methane emissions from waste (Sejian, 2013). Manure 
mitigation should use low-tech measures such as covering and cooling manure lagoons during storage and 
alternative approaches such as appropriate manure application, handling, and storage for manure dispersion 
(Weiske et al., 2006). Another alternative for waste management is to change the overall bedding materials 
for the animals, which could affect the pH and soluble carbon and nitrogen levels in the manure, thus 
reducing the emission of methane (Sejian, 2013).  

(III) Grazing management: Proper pasture management through rotational grazing would be cost-effective 
to mitigate GHG emissions from feed crop production (IFAD, 2009). Expressly, rotational grazing should 
be incorporated, as multiple smaller fields referred to as paddocks, for livestock rotation. Farmers can 
adjust stocking numbers and grazing duration by subdividing pastures, rotating animals, and managing their 
nitrogen excreta dispersion and pasture re-growth. This will also allow for the uniform distribution of urine 
around the paddock, potentially lowering nitrous oxide emissions (Eckard et al., 2010). Sward damage and 
soil compaction during wet weather can also be reduced by keeping the animals off-paddock. Excreta 
deposition during wet weather will also minimize nitrous oxide emissions and nitrogen leaching into the 
atmosphere (Luo et al., 2010).  

(IV) Lowering livestock stock and consumption: Lowering the production and consumption of milk and 
meat in areas of a high standard of living can be a short-term response to GHG emissions (IFAD, 2009). A 
decrease in demand would mean a decrease in livestock to produce the necessary consumer items. Both 
industry and the government, on the other hand, want to keep output at a maximum to fulfil food demands; 
therefore, it is vital to use cost-effective techniques to make each livestock more productive.  

(V) Fertilizer management: In increasing livestock feed crop production, synthesized fertilizers are used, 
contributing to nitrous oxide in the atmosphere. Farmers can increase nitrogen use efficiency or use organic 
fertilizers to overcome this problem. In addition, using enhanced fertilizers and combining the plantation of 
legumes with pasture may decrease GHG emissions in production (Dickie et al., 2014). In addition, farmers 
can design nutrient management plans to help make the best use of available fertilizers and land resources 
for pasture production while minimizing any adverse impact on the environment (Daniels et al., 2004).  
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10. Conclusion 

Climate change is putting livestock output in jeopardy. This is because the natural pastures on which the bulk of 
livestock owners rely for feeding their animals are degrading—in terms of quality and quantity of fodder. 
Furthermore, the accessible water sources are unreliable, as they can dry up owing to high temperatures and a 
lack of rainfall. Excessive heat, a lack of water, nutrition, and unknown diseases have all contributed to the loss 
of livestock. As a result, livestock farmers need effective adaptation and mitigation strategies to reduce the 
impact of climate change on livestock production. These strategies will contribute to the long-term viability of 
livestock farming. In addition, they will build capacity for individual farmers to increase their resilience towards 
climate change and its impact on livestock production. Supporting livestock producers to fight the effects of 
climate change requires investment and planning from private and government authorities to develop climate 
change adaptation and mitigation policies that are efficient, affordable, and practical to smallholder livestock 
farmers. 

Reference 

Abdurehman, A., & Ameha, N. (2018). Prospects of Climate Change on Livestock Production. Journal of 
Scientific and Innovative Research, 7(4), 100-105. 

Aydinalp, C., & Cresser, M. S. (2008). The effects of global climate change on agriculture. American-Eurasian 
Journal of Agricultural & Environmental Sciences, 3(5), 672-676. 

Balic, I. M., Milinkovic-Tur, S., Samardzija, M., & Vince, S. (2012). Effect of age and environmental factors on 
semen quality, glutathione peroxidase activity and oxidative parameters in Simmental bulls. Theriogenology, 
78(2), 423-431. https://doi.org/10.1016/j.theriogenology.2012.02.022 

Barrett, C. B., Chantarat, S., Gebru, G., McPeak, J. G., Mude, A. G., Vanderpuye-Orgle, J., & Yirbecho, A. T. 
(2008). Codebook for Data Collected under the Improving Pastoral Risk Management on East Africa 
Rangelands (PARIMA) Project (Unpublished paper, Cornell University).  

Baylis, N., & Githeko, A. K. (2006). The effects of climate change on infectious diseases of livestocks. Office of 
Science and Innovation. Retrieved from http://www.foresight.gov.uk/Infectious%20Diseases/t7_3.pdf 

Bekele, S. (2017). Impacts of Climate Change on Livestock Production: A Review. Journal of Natural Sciences 
Research, 7(8), 53-59. 

Bernabucci, U. (2019). Climate change: Impact on livestock and how can we adapt. Anim. Front., 9(1), 3-5. 
https://doi.org/10.1093/af/vfy039 

Bhakat, M., Mohanty, T. K., Gupta, A. K., & Abdullah, M. (2014). Effect of season on semen quality of 
crossbred (Karan Fries) bulls. Advance in Livestock and Veterinary Sciences, 2(11), 632-637. https://doi.org/ 
10.14737/journal.aavs/2014/2.11.632.637 

Cardoso, A. D. S., Barbero, R. P., Romanzini, E. P., Teobaldo, R. W., Ongaratto, F., Fernandes, M. H. M. D. 
R., … Reis, R. A. (2020). Intensification: A key strategy to achieve great animal and environmental beef 
cattle production sustainability in Brachiaria grasslands. Sustainability, 12(16), 6656. https://doi.org/ 
10.3390/su12166656 

Cardozo, J. A., Fernández-Juan, M., Forcada, F., Abecia, A., Muiño-Blanco, T., & Cebrián-Pérez, J. A. (2006). 
Monthly variations in ovine seminal plasma proteins analyzed by two-dimensional polyacrylamide gel 
electrophoresis. Theriogenology, 66(4), 841-850. https://doi.org/10.1016/j.theriogenology.2006.01.058 

Cyriac, D., Hofmann, R. W., Stewart, A., Sathish, P., Winefield, C. S., & Moot, D. J. (2018). Intraspecific 
differences in long-term drought tolerance in perennial ryegrass. PLoS One, 13(4), e0194977. 
https://doi.org/10.1371/journal.pone.0194977 

Daniels, M. B., VanDevender, K., & Riley, T. (2004). Nutrient management planning for livestock operations: 
An overview. Cooperative Extension Service, University of Arkansas, US Department of Agriculture, and 
County Governments Cooperating. 

de Souza, N. R. D., Junqueira, T. L., & Cavalett, O. (2021). Opportunities and challenges for bioenergy-livestock 
integrated systems in Brazil. Industrial Crops and Products, 173, 114091. https://doi.org/10.1016/ 
j.indcrop.2021.114091 

Dickie, A., Streck, C., Roe, S., Zurek, M., Haupt, F., & Dolginow, A. (2014). Strategies for mitigating climate 
change in agriculture: Abridged report. Climate focus and California environmental associates, prifadred 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 3; 2022 

246 

with the support of the climate and land use Alliance (Report and supplementary materials). Retrieved from 
http://www.agriculturalmitigation.org 

Digambar, D. S. (2011). Impact of Climate Change on Livelihood and Biodiversity in Rural Communities. A 
Case Study of Siddhi Ganesh and Nepane Community Forestry User Groups of Sindhupalchwok, District of 
Nepal. 

Dourmad, J., Rigolot, C., & van der Werf, H. (2008). Emission of Greenhouse Gas: Developing management and 
livestock farming systems to assist mitigation. Livestock and Global Change Conference Proceeding, May 
2008, Tunisia. 

Eckard, R. J., Grainger, C., & de Klein, C. A. M. (2010). Options for the abatement of methane and nitrous oxide 
from ruminant production: A review. Livestock Sci., 130, 47-56. https://doi.org/10.1016/j.livsci.2010.02.010 

Estell, R. E., Havstad, K. M., Cibils, A. F., Fredrickson, E. L., Anderson, D. M., Schrader, T. S., & James, D. K. 
(2012). Increasing shrub use by livestock in a world with less grass. Rangeland Ecology & Management, 
65(6), 553-562. https://doi.org/10.2111/REM-D-11-00124.1 

FAO (Food Agricultural Organization). (2007). Climate Change: Climate Change Impacts, Adaptation and 
Vulnerability. IPCC WG II Forth Assessment Report. FAO, Rome. 

FAO (Food Agricultural Organization). (2015). Coping with climate change—The roles of genetic resources for 
food and agriculture. FAO, Rome. 

Fereja, G., B. (2016). The impacts of climate change on livestock production and productivities in developing 
countries: A review. International Journal of Research—GRANTHAALAYAH, 4(8). https://doi.org/10.29121/ 
granthaalayah.v4.i8.2016.2578 

Hahn, G. L. (1995). Environmental management for improved livestock performance, health and well-being. 
Japanese Journal of Livestock Management, 30(3), 113-127. 

Hansen P., J. (2007). Exploitation of genetic and physiological determinants of embryonic resistance to elevated 
temperature to improve embryonic survival in dairy cattle during heat stress. Theriogenology, 68(SP 1), 
S242-S249. https://doi.org/10.1016/j.theriogenology.2007.04.008 

Harvell, C. D., Mitchell, C. E., Ward, J. R., Altizer, S., Dobson, A., Ostfeld, R. S., & Samuel, M. D. (2002). 
Climate warming and disease risks for terrestrial and marine biota. Science, 296, 2158-2162. https://doi.org/ 
10.1126/science.1063699 

Henry, B., Charmley, E., Eckard, R., Gaughan, J. B., & Hegarty, R. (2012). Livestock production in a changing 
climate: adaptation and mitigation research in Australia. Crop and Pasture Science, 63(3), 191-202. 
https://doi.org/10.1071/CP11169 

Hidosa, D., & Guyo, M. (2017). Climate change effects on livestock feed resources: A review. J. Fish. Livest. 
Prod., 5, 259. https://doi.org/10.4172/2332-2608.1000259 

Hilali, M., Iñiguez, L., Mayer, H., Knaus, W., Schreiner, M., Zaklouta, M., & Wurzinger, M. (2010). New 
feeding strategies for Awassi sheep in drought affected areas and their effect on product quality. 
Proceedings of an International Conference, Amman, Jordan, February 1-4, 2010. Aleppo, Syria, 
ICARDA. 

Howden, S. M., Crimp, S. J., & Stokes, C. J. (2008). Climate change and Australian livestock systems: impacts, 
research and policy issues. Aust. J. Exp. Agric., 48, 780-788. https://doi.org/10.1071/EA08033 

IFAD. (2009). Comprehensive Report on IFAD’s Response to Climate Change through Support to Adaptation 
and Related Actions.  

Inbaraj, S., Sejian, V., Bagath, M., & Bhatta, R. (2016). Impact of Heat Stress on Immune Responses of 
Livestock: A Review. Pertanika Journal of Tropical Agricultural Science, 39(4). 

Indira, D., & Srividya, G. (2012). Reducing the livestock related greenhouse gases emission. Veterinary World, 
5(4), 244. https://doi.org/10.5455/vetworld.2012.244-247 

IPCC (Intergovernmental Panel on Climate Change). (2007). Agriculture. In B. Metz, O. R. P. Davidson, R. 
Bosch, R. Dave, & L. A. Meyer (Eds.), Climate Change 2007: Mitigation (pp. 497-540). Contribution of 
Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. 
Cambridge, New York: Cambridge University Press. https://doi.org/10.1017/CBO9780511546013.012 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 3; 2022 

247 

IPCC (Intergovernmental Panel on Climate Change). (2014). Part A: global and sectoral aspects. Impacts, 
adaptation, and vulnerability (p. 1132). Cambridge University Press, Cambridge, United Kingdom and 
New York, NY, USA.  

Kantanen, J., Løvendahl, P., Strandberg, E., Eythorsdottir, E., Li, M. H., Kettunen-Præbel, A., … Meuwissen, T. 
(2015). Utilization of farm animal genetic resources in a changing agro-ecological environment in the 
Nordic countries. Frontiers in Genetics, 6, 52. https://doi.org/10.3389/fgene.2015.00052 

Kanwal, V., Sirohi, S., & Chand, P. (2020). Effect of drought on livestock enterprise: evidence from Rajasthan. 
Indian J Anim Sci, 90(1), 94-98. 

Kitalyi, A., Rubanza, C., & Komwihangilo, D. (2008). Agroforestry and livestock: adaptation/mitigation 
strategies in agro-pastoral farming systems of Eastern Africa. Proceedings of an international conference, 
Hammamet, Tunisia, May 17-20, 2008. Cambridge, UK: Cambridge University Press. 

Lacetera, N. (2019). Impact of climate change on animal health and welfare. Animal Frontiers, 9(1), 26-31. 
https://doi.org/10.1093/af/vfy030 

Luo, J., de Klein, C. A. M., Ledgard, S. F., & Saggar, S. (2010). Management options to reduce nitrous oxide 
emissions from intensively grazed pastures: A review. Agric. Ecosyst. Environ., 136, 282-291. 
https://doi.org/10.1016/j.agee.2009.12.003 

McDermott, J. J., Christianson, P. M., Kruska, R. L., Reid, R. S., Robinson, T. P., Coleman, P. G., … Thornton, P. 
K. (2001). Effects of climate, human population and socio-economic changes on tsetse-transmitted 
trypanosomiasis to 2050. In R. Seed, & S. Black (Eds.), World Class Parasites (Vol. 1). The African 
Trypanosomes, Kluwer, Boston. 

Myeki, V. A., & Bahta, Y. T. (2021). Determinants of Smallholder Livestock Farmers’ Household Resilience to 
Food Insecurity in South Africa. Climate, 9(7), 117. https://doi.org/10.3390/cli9070117 

Naqvi, S. M. K., & Sejian, V. (2011). Global Climate Change: Role of Livestock. Asian Journal for Agricultural 
Science, 3(1), 19-25. 

Naqvi, S. M. K., Kumar, D., Paul, R. K., & Sejian, V. (2012). Environmental stresses and livestock reproduction. 
In V. Sejian, S. M. K. Naqvi, T. Ezeji, J. Lakritz, & R. Lal (Eds.), Environ-mental stress and amelioration in 
livestock production (pp. 97-128). Springer-Verlag GMbH Publisher, Germany. https://doi.org/10.1007/ 
978-3-642-29205-7_5 

Nardone, A., Ronchi, B., Lacetera, N., Ranieri, M. S., & Bernabucci, U. (2010). Effects of climate changes on 
livestock production and sustainability of livestock systems. Livestock Science, 130(1-3), 57-69. 
https://doi.org/10.1016/j.livsci.2010.02.011 

Rischkowsky, B., Iñiguez, L., & Tibbo, M. (2008). Management practices for adapting sheep production systems 
in the WANA region to climate change. Proceedings of an international conference, Hammamet, Tunisia, 
May 17-20, 2008. Cambridge, UK: Cambridge University Press. 

Rojas-Downing, M. M., Nejadhashemi, A. P., Harrigan, T., & Woznicki, S. A. (2017). Climate change and 
livestock: Impacts, adaptation, and mitigation. Climate Risk Management, 16, 145-163. https://doi.org/ 
10.1016/j.crm.2017.02.001 

Samal, L. (2013). Heat Stress in Dairy Cows—Reproductive Problems and Control Measures. Int J Livest Res, 
3(3), 14-23. 

Samir, D. (2017). Impact of Climate Change on Livestock, Various Adaptive and Mitigative Measures for 
Sustainable Livestock Production. ApproPoult Dairy & Vet Sci, 1(4), 2-7. https://doi.org/10.31031/APDV. 
2017.01.000517 

Sejian, V. (2013). Climate change: Impact on production and reproduction, Adaptation mechanisms and 
mitigation strategies in small ruminants: A review. Indian J. Small Ruminants, 19, 1-21. 

Sejian, V., Bhatta, R., Soren, N. M., Malik, P. K., Ravindra, J. P., Prasad, C. S., & Lal, R. (2015). Introduction to 
concepts of climate change impact on livestock and its adaptation and mitigation. Climate change impact on 
livestock: Adaptation and mitigation (pp. 1-23). Springer, New Delhi. https://doi.org/10.1007/978-81- 
322-2265-1 

Sheikh, A. A., Bhagat, R., Islam, S. T., Dar, R. R., Sheikh, S. A., Wani, J. M., & Dogra, P. (2017). Effect of 
climate change on reproduction and milk production performance of livestock: A review. Journal of 
Pharmacognosy and Phytochemistry, 6, 2062-2064. 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 3; 2022 

248 

Sidahmed, A. E., Nefzaoui, A., & El-Mourid, M. (2008). Livestock and climate change: coping and risk 
management strategies for a sustainable future. Proceedings of an international conference, Hammamet, 
Tunisia, May 17-20, 2008. Cambridge, UK: Cambridge University Press. 

Singhal, K. K., & Mohini, M. (2002). Uncertainty reduction in methane and nitrous oxide gases emission from 
livestock in India (p. 62). Project report, Dairy Cattle Nutrition Division, National Dairy Research Institute, 
Karnal, India.  

Sonder, K., Astatke, A., El Wakeel, A., Molden, D., & Peden, D. (2003). Strategies for increasing livestock water 
productivity in water stressed agricultural systems. Water Productivity in Agriculture: Limits and 
Opportunities for Improvement. CAB International: Wallingford, UK. 

Summer, A., Lora, I., Formaggioni, P., & Gottardo, F. (2019). Impact of heat stress on milk and meat production. 
Anim. Front., 9(1), 39-46. https://doi.org/10.1093/af/vfy026 

Thomas, C. D., Williams, S. E., Cameron, A., Green, R. E., Bakkenes, M., Beaumont, L. J., & Hannah, L. (2004). 
Biodiversity conservation: Uncertainty in predictions of extinction risk/Effects of changes in climate and 
land use/Climate change and extinction risk (reply). Nature, 430(6995), 34. https://doi.org/10.1038/ 
nature02719 

Thornton, P. K. (2010). Livestock Production: Recent Trends, Future Prospects. CGIAR/ESSP Program on 
Climate Change, Agriculture and Food Security (CCAFS), International Livestock Research Institute 
(ILRS), 365, 2853-2867. https://doi.org/10.1098/rstb.2010.0134 

Thornton, P. K., Van De Steeg, J., Notenbaert, A., & Herrero, M. (2009). The Impacts of Climate Change on 
Livestock and Livestock Systems in Developing Countries: A Review of What We Know and What We 
Need to Know. Agricultural Systems, 101(3). https://doi.org/10.1016/j.agsy.2009.05.002 

Thornton, P., Herrero, M., Freeman, A., Mwai, O., Rege, E., Jones, P., & McDermott, J. (2008). Vulnerability, 
Climate Change and Livestock—Research Opportunities and Challenges for Poverty Alleviation. ILRI, 
Kenya. 

Tiruneh, S., & Tegene, F. (2018). Impacts of Climate Change on Livestock Production and Productivity and 
Different Adaptation Strategies in Ethiopia. J Nutr Health Sci, 5(4), 401. https://doi.org/10.21839/ 
jaar.2018.v3i3.150 

Tubiello, F. N., Amthor, J. S., Boote, K. J., Donatelli, M., Easterling, W. (2007). Crop response to elevated CO2 
and world food supply—A comment on “Food for Thought”. European Journal of Agronomy, 26, 215-223. 
https://doi.org/10.1016/j.eja.2006.10.002 

Weiske, A., Vabitsch, A., Olesen, J. E., Schelde, K., Michel, J., Friedrich, R., & Kaltschmitt, M. (2006). 
Mitigation of greenhouse gas emissions in European conventional and organic dairy farming. Agriculture, 
Ecosystems and Environment, 112, 221-232. https://doi.org/10.1016/j.agee.2005.08.023 

WHO. (1996). Climate Change and Human Health. World Health Organisation: Geneva. Retrieved April 23, 
2013, from http://www.who.int/globalchange/publications/climchange.pdf 

Wittmann, E. J., & Baylis, M. (2000). Climate change: Effects on Culicoides-transmitted viruses and 
implications for the UK. The Veterinary Journal, 160(2), 107-117. https://doi.org/10.1016/S1090-0233 
(00)90470-2 

Wolfenson, D., & Roth, Z. (2019). Impact of heat stress on cow reproduction and fertility. Anim. Front., 9(1), 
32-38. https://doi.org/10.1093/af/vfy027 

Yang, K., Qing, Y., Yu, Q., Tang, X., Chen, G., Fang, R., & Liu, H. (2021). By-Product Feeds: Current 
Understanding and Future Perspectives. Agriculture, 11(3), 207. https://doi.org/10.3390/agriculture 
11030207 

Zhou, Y., Meng, T., Wu, L., Duan, Y., Li, G., Shi, C., … Liu, Y. (2020). Association between ambient 
temperature and semen quality: A longitudinal study of 10 802 men in China. Environment international, 
135, 105364. https://doi.org/10.1016/j.envint.2019.105364 

 

 

 

 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 3; 2022 

249 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


