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ABSTRACT

The Earth’s ambient climatic factors, such as temperature, humidity, solar radiation, and
precipitation, vary through time and space due to climate change. Heat stress, one of the
major factors affecting poultry production, is a direct result of climate change, resulting in
enormous losses for the poultry sector. As a result of heat stress, several physiological
changes such as suppressed immunecompetence, oxidative stress, and acid-base balance
lead to reduced feed intake, feed efficiency, body weight, meat, egg quality, and sometimes
mortality. Adverse effects have necessitated several adjustments in animal husbandry
practices such as housing and feeding regimes to be implemented. Modifying the
environment in poultry production systems can cushion exposure and compensate for losses
in poultry fitness in heat-stressed environments. Some of the modifications that have been
tested and shown to be successful in attenuating heat stress in poultry include shade,
sprinkling cold water on their bodies, and adjusting diets to reduce metabolic heat
production. The extensive genetic diversity of indigenous poultry is essential for climate
change adaptation and the continuous enhancement of the genetic stock through breeding
adaptive features like heat stress tolerance. The naked neck (Na) and frizzle (gene F) gene
have been given attention in recent times in their role to withstand heat stress in poultry. A
better understanding of indigenous poultry acclimatization to severe environments,
together with methods and tools available for the selection, breeding, and matching
indigenous poultry ecotypes to suitable environments, should help to minimize the effects
of heat stress on indigenous poultry genetic resource growth, production, and reproduction
to sustain food security.

Keywords: Adaptive traits, Climate-smart, Horn of Africa, Indigenous poultry,
Thermotolerance

1.0 Introduction

Global warming as a result of climate change is likely to exceed 1.5°C by 2040, while the
average air temperature is forecast to rise by 1.88-4.08°C (Pachauri et al., 2015). Air
temperature is one of the bioclimatic parameters that determine heat stress levels in poultry
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(Thornton et al., 2009). Under normal conditions, poultry’s body temperature rises from
41.3°C to 42.4°C when exposed to acute heat and 41.7°C when exposed to chronic heat
(Barrett et al., 2019; Goel, 2020). The term “thermotolerant” refers to an animal’s ability to
maintain thermal equilibrium in the presence of excess heat load (Carabafio et al., 2019).
Feather coverage in poultry and lack of sweat glands makes it hard for the poultry to disperse
heat to the environment, making them more prone to heat stress (Tamzil, 2014). This leads
to a change in the poultry's physiological and behavioral mechanisms to adapt to harsh
environmental conditions. Poultry is susceptible to heat stress if it cannot remove excess
endogenous heat to maintain sufficient homeostasis (Bernabucci, 2019).

Poultry’s behavior, welfare, and immunity are adversely affected by heat stress (Bhadauria
et al., 2014; Nyoni et al., 2019; Winsemius et al., 2014). When poultry are exposed to high
temperatures, it has been observed that they tend to pant, close their eyes, lie down, and
engage in cannibalism (Vandana et al., 2021). In poultry, physical parameters such as rectal
temperature, respiration rate, and heartbeat rise due to heat stress (Vandana et al., 2021).
A drop in feed intake, body weight, feed conversion ratio, and egg production has also been
reported in poultry subjected to heat stress (Zaboli et al., 2019). The hormonal changes that
have been reported in poultry as a result of heat stress include an increase in heat shock
protein genes, a decrease in the expression of TLR 7 and IgG production (Goel, 2020).
Physiological changes in poultry subjected to heat stress include an increased H/L ratio and
erythrocyte number, decreased haemoglobin, and damage to the intestinal mucosa
(Vandana et al., 2021). Several modifications in poultry husbandry practices must be made
for poultry to survive in heat-stressed environments. Some of these practices include the
construction of poultry structures in a proper orientation to prevent direct sunlight and the
use of appropriate housing material that prevents heat load build-up (Daghir, 2008; Gaughan
et al., 2010). Modification of poultry feeding regimes like the addition of minerals and
vitamins to their diets and feeding them when the heat load is minimal in the early morning
and evenings have also been shown to reduce the adverse effects of heat stress (Goel, 2020;
Sahin et al., 2006; Sahin and Kucuk, 2003).

Indigenous poultry in Kenya is characterized by nine ecotypes comprising several
phenotypes like the frizzled, naked neck, dwarf, and feathered shanks (Chesoo et al., 2021;
Moraa et al., 2015). Indigenous poultry is hardy and can withstand harsh environmental
conditions when compared to exotic poultry breeds. The dwarf, frizzle, and naked neck
phenotypes are important in thermo-tolerance and can be used to develop poultry species
with a superior thermo-tolerance ability (Chen et al., 2016; Vandana et al., 2021). However,
most of these phenotypes have a small population size and are at risk of extinction due to
unsupervised crossbreeding programs that lead to genetic erosion (FAO, 2013). There is a
need for proper documentation and characterization of these ecotypes since they are
important in breeding programs and genetics exchange (Hoffmann, 2013). Despite the
importance of indigenous poultry ecotypes in Kenya, there is a paucity of information on
genetic breeding programs. This review discusses heat stress adaptation of poultry ecotypes
in response to climate change as well as the opportunities and challenges for genetic
breeding in Kenya.
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2.0 Poultry ecotypes in Kenya

Indigenous poultry ecotypes are poultry from one agro-ecological zone or area as
distinguished from another. The names are either derived from ecological zone names or
regional names (Gondwe, 2005). Each ecotype comprises a unique set of adaptive and
productive traits (Ngeno et al., 2015). Kenya has the following poultry ecotypes that vary
significantly in their phenotypic attributes: Turkana basin ecotype, Mt. Elgon catchment
ecotype, Western Kenya ecotype, Lake Victoria basin ecotype, Rift valley ecotype, Central
highlands ecotype, Eastern plains ecotype, Coastal ecotype, and Lamu ecotype (Chesoo et
al., 2021; Moraa et al., 2015). Ecotypes found in the arid and semi-arid lands like the Turkana
ecotype are characterized by reduced feather coverage. They comprise the dwarf, frizzled,
and naked neck phenotype (Kingori et al., 2010; Moraa et al., 2015; Ngeno et al., 2015). The
dwarf gene is a sex-linked recessive gene for dwarfism. It is responsible for the small body
size, which increases their surface area, making heat balance easy to attain by reducing the
metabolic heat production of the poultry (Deeb et al., 1993). Even if the advantages of the
dwarf gene in heat tolerance outweigh the reduced output per bird, it is not clear whether
this gene will provide a long-term solution (Deeb et al., 1993). The frizzle gene in poultry is
completely dominant, resulting in a curled feather that extends outwards from the body.
This feather structure has a reduced total weight, thus providing less insulation and allowing
poultry bodies to dissipate heat more efficiently. The naked neck gene is a dominant gene
that reduces overall feathering, with the neck area being totally featherless, resulting in
better heat tolerance (Leenstra and Cahaner, 1992). Highland ecotypes have dense plumage,
which is an adaptation to survive the cold environment, and they include the crested,
bearded, and feathered shank phenotypes (Moraa et al., 2015). Other distinct poultry
ecotypes have also been reported in Ethiopia (Dessie and Ogle, 2001) and Tanzania (Mussa,
2015). Abundant phenotypic variation in indigenous poultry ecotypes promotes the
selection and breeding of climate smart ecotypes equivalent to the various agro-ecological
zones.

3.0 Strategies to alleviate heat stress in poultry
3.1 Housing

When building poultry structures in heat-stressed environments, one should consider the
location, space, light, and ventilation. The poultry house should be constructed so that the
long axis is in the east-west direction to prevent direct sunshine over the poultry (Oloyo and
Ojerinde, 2020; Wasti et al., 2020). The structures should be built near a shade to reduce
the potential for heat stress by limiting the amount of solar radiation reaching the birds.
Shades can be naturally provided by trees or artificially provided by cloth. The materials used
for constructing the shade should effectively reduce the heat load (Gaughan et a/., 2010). To
minimize heat from solar radiation, shade is one of the most basic and cost-effective
solutions. However, it does not eliminate all the adverse effects of heat stress.

The width of the poultry houses should not exceed 12m, while the length can vary depending
on the number of poultry and land availability (Wasti et al., 2020). In long poultry houses,
doors should be placed at 15-30m intervals. A sidewall of at least 2.1m long with flexible
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curtains that can be raised or lowered easily for sufficient ventilation should also be
constructed. The roof should slope at 45°C since this has been shown to reduce heat gain of
the roof from direct solar radiation (Daghir, 2008). Roof insulation is provided by various
native materials, including thatch and bamboo. Sprinkling cold water on uninsulated metal
roofs may help lower heat load in poultry houses (Daghir, 2008). Additionally, in-house fans,
interior fogging, cool perches, and cooling pads effectively attenuate the adverse effects of
heat stress in closed housing systems, where natural airflow is not sufficient (Daghir, 2008).
However, this is an expensive venture only afforded by the farmers practicing extensive
farming and is unrealistic to poor rural farmers.

The floor of the poultry houses in heat-stressed environments should be made of material
that is well-drained and easy to clean, like wood, bamboo, or bricks. In some cases, the floor
is raised for proper ventilation and easy cleaning (Saeed et al., 2019). Since poultry prefers
to roost at night on perches, perching space of 15cm to 20cm should be considered for each
poultry. The space should also be enough for the poultry to move around easily. Each bird
should be allocated about 2 to 3 square feet inside the poultry structure and about 8 to 10
square feet per bird in an outside run (Vandana et al., 2021).

3.2 Feeding modification and strategies for poultry in heat-stressed environments

Poultry reduces their feed intake during heat stress, and therefore, modifications in their
feeding that aim at lowering metabolic heat production should be adopted (Vandana et al.,
2021). The micronutrient composition of the poultry feeds should be considered when
developing or feeding heat-stressed poultry. Mineral supplements like ammonium and
potassium chloride are vital since they correct the acid-base balance disturbed when poultry
pants during heat stress. Vitamin supplements are involved in fixing oxidative injuries
induced by heat stress. Vitamin A, C, and E have anti-stress effects, and they are used in
poultry diets to reduce the adverse impact of heat stress (Kucuk et al., 2003). These vitamins
enhance egg production, hatchability, prevents egg breakage, and reduce mortality in laying
hens raised in heat-stressed environments (Sahin and Kucuk, 2003). Zinc inhibits NADPH-
dependent lipid peroxidation by working as a cofactor and suppressing free radicals. Zinc
also enhances the serum vitamin C and E concentration, thus improving the antioxidant
status in poultry (Goel, 2020; Sahin et al., 2006). A combination of minerals and vitamins has
been shown to have a synergistic effect in reducing the adverse effects of heat stress in
poultry. An increase in body weight, carcass quality, feed conversion, a reduction in blood
glucose and cholesterol levels were reported in poultry whose diet was supplemented with
vitamin E, C, and zinc (Goel, 2020; Sahin et al., 2006; Yanchev et al., 2007). These minerals
and vitamins can be bought at the agrovets or obtained from weeds/vegetables, insects,
termites, and worms.

Restricting poultry feeding before or during heat exposure decreases metabolic heat
production, thus improving heat tolerance. Because of this, it is possible to increase poultry’s
intake of nutrients by limiting their feed intake during the peak hours of heat stress and
moving their feeding period to the evening (Bhadauria et al., 2016). Feeding poultry in the
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early morning and late evenings prevents the coincidence of maximum metabolic heat
production with high environmental temperatures (Vandana et al., 2021). Water plays an
essential role in poultry during heat stress. If water is restricted, the adverse effects of heat
stress in poultry are enhanced. Therefore, ingesting cool water placed under shade reduces
the poultry's body temperature and improves their performance (Goel, 2020). Moreover,
drinking water contains electrolyte solutions like sodium and potassium, which increases
electrolyte supplementation, thereby adjusting the acid-base balance and enhancing the
heat tolerance capacity in poultry (Balnave and Muheereza, 1997; Goel, 2020). These
methods have been used by poultry farmers across the globe and have shown to be
successful.

4.0 Molecular breeding strategies
4.1 Use of genetics and genomic tools for breeding for thermotolerance

Genetic selection for thermotolerance in poultry demands a thorough understanding of the
underlying genetics of poultry’s response to heat stress. The levels of thermo-tolerance vary
between various poultry breeds, making genetic modification a potential method to relieve
heat stress in poultry (Melesse et al., 2011; Vandana et al., 2021). Genetic tools and
technologies like the recent Omics technologies have been used to study the genetic basis
of various processes like heat stress tolerance across multiple poultry breeds (Cho et al.,
2021; Wang et al., 2017; Weimann et al., 2016). Over the years, improvements on the high-
throughput sequencing platforms have lowered the cost of acquiring genetic data, thus
leading to a large amount of genetic information on poultry that is easily accessible (Perini
et al., 2021). The availability of numerous poultry genome sequences has made it easy to
categorize genetic markers linked with heat stress tolerance. This has shed light on the
various mechanisms involved in heat stress regulation and the detection of valuable
biomarkers that can improve the various poultry breeding programs (Wang et al., 2017).

Currently, functional genomics research may give fresh insights into how heat stress affects
adaptive capabilities by identifying genes that are upregulated or downregulated during heat
stress. A study by Cedraz et al. (2017) reported an increase in the HSP70 and HSP90 genes in
chickens subjected to heat stress conditions. Taiwan chickens have also been shown to have
a higher expression for heat shock proteins like HSP25, HSP70, and HSP90AA1 (Wang et al.,
2015). Srikanth et al. (2020) also reported some differentially expressed genes that belong
to the HSP70 family in Kenyan chickens subjected to acute and chronic heat stress. When it
comes to thermoregulation, transcriptome data provide a comprehensive picture of all the
processes and genes involved and their respective roles. This makes transcriptome data the
most appropriate technology (Rao et al, 2021). Incorporating the functional
genomics/transcriptomics/epigenomics data into molecular markers allows researchers to
discover potential candidate genes and mutations. This helps explain the mechanisms in the
pathways responsible for heat stress tolerance. Signatures of selection on genomic data have
been used to locate genomic regions that have undergone natural selection (Randhawa et
al., 2014). Single nucleotide polymorphisms (SNPs) and the runs of homozygosity have also
been utilized to assess genome-based associations and inbreeding coefficients. These
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methods can design low-density custom panels for breeding at a relatively low cost
(Lachance and Tishkoff, 2013). To get reliable genomic breeding values, these approaches
need a large number of phenotypic and genotyped poultry breeds (Goddard and Hayes,
2009).

4.2 Capital interrelation factors

An epigenetic trait is a heritable phenotype resulting from chromosomes changes without
any underlying changes in DNA sequence (Perini et al., 2021). These changes lead to a
particular cellular phenotype usually affected by nutrients and the environment and can be
transmitted across generations, thus leaving a mark on the offspring phenotype (Jablonka
and Raz, 2009; Nayak et al., 2016). The body uses epigenetic mechanisms to manage
adaptive developmental reprogramming (Duncan et al., 2014; Perini et al., 2021).
Environmental factors such as temperature affect the animals' physiology during the
developmental stages, which modifies the thermoregulatory process, thus leading to
epigenetic adaptation (Tzschentke and Basta, 2002). Methylation is one of the most
significant epigenetic modifications that control gene expression at the DNA level (Yang et
al., 2011). Various poultry breeds subjected to heat stress treatment showed differences in
the heat shock protein gene expression levels. This may be attributed to the variations in the
methylation levels in the promoter region of the same heat shock protein genes (Perini et
al., 2021). Kisliouk and Meiri, (2009) concluded that several epigenetic mechanisms affect
the transcription of key thermoregulatory genes leading to the acquisition of
thermotolerance.

Exposure of poultry to heat stress during early incubation has been shown to alter the
expression of the thermoregulatory genes, thus enhancing physiological adaptability (Nayak
et al., 2016). Post-hatch exposure to heat stress triggers epigenetic changes in heat stress-
tolerance genes, thus improving the thermotolerance in poultry (Nayak et al., 2016;
Rajkumar et al., 2015). It has been reported that manipulating the temperature during
embryogenesis may alter poultry's vasomotor activities, improving heat loss under hot
conditions (Goel, 2020; Nichelmann and Tzschentke, 1997). All these studies have indicated
that the epigenomic era brings exciting discoveries and challenges that can potentially be
included in poultry breeding programs.

5.0 Challenges and opportunities in genetic breeding for indigenous poultry
5.1 Lack of goodwill from private breeding companies

To maintain poultry production, climate change adaptations, mitigation techniques, and
policy frameworks are essential (Rojas-Downing et al., 2017). Heat stress may be mitigated
by using preventive measures. However, until the preventive measures are included in
national and regional policy, they will have little influence (FAO, 2018). Poultry producers
should consider adaptation and mitigation techniques since they are one of the most
important stakeholders (Gaughan et al., 2019). Most poultry breeding companies have
greater interests in large poultry breeds generally bred for commercial purposes. The
commercial poultry breeds take a short time to attain maturity and have been bred to
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produce more meat and eggs. To be successful, efforts to select poultry breeds with a focus
on productivity must also consider future robustness and, most crucially, heat stress
tolerance. For the case of indigenous poultry, the government, through its various
institutions like the Kenya Agricultural and Livestock Research Organization (KARLO) and the
National universities that undertake poultry genetic research, ought to take up the genetic
breeding programs for heat stress tolerance in indigenous poultry breeds. This can be done
by increasing funding to relevant government institutions to improve their infrastructure and
capacity by collaborating with other disciplines and stakeholder institutional partners (Osei-
Amponsah et al., 2019).

5.2 Need of skilled manpower in poultry breeding programs

Poultry breeding utilizes a cutting-edge technology that requires a multidisciplinary
approach and expertise at every stage of its execution (Gaughan et al., 2019). This requires
training but unfortunately, most of these training are expensive and take a long time.
However, the governments can sponsor the training of selected individuals from key
institutions who will be required to do capacity building in their home country upon
completion of the courses offered. Tertiary institutions in Kenya should diversify their
programs in breeding to align with the current worldwide trends in poultry breeding. For
instance, curriculum development and hands-on training in recent technologies in
guantitative genetics, genomics, and bioinformatics (Helmy et al., 2016; Karikari, 2015;
Rothschild and Plastow, 2014). The government could also consider offering
scholarships/fellowships to researchers involved in breeding activities in some research
institutions. This can be facilitated by collaborations between the South-South and North-
South co-operations (Ducrocq et al., 2018; Osei-Amponsah et al., 2019). Upon completion,
the skills acquired can improve the poultry breeding sector.

5.3 Genetic erosion of indigenous poultry ecotypes

In the 1950s, a genetic improvement program known as the cockerel and pullet exchange
program was introduced in most African countries (FAQ, 2013). It was aimed at substituting
indigenous chickens with exotic chicken breeds. The program did not pick up since it was
poorly structured, and the chickens did not adapt well to the local climatic conditions.
Recently, various improved chickens have been introduced, like the Kuroiler and the KARI
super chicken in Kenya (Ngeno, 2015). Due to poor extension services, there has been
minimal follow-up on the performance of these chicken breeds. Consequently, this has made
most farmers crossbreed indigenous poultry with commercial poultry to improve
productivity and adaptability. This practice has led to genetic erosion and displacement of
indigenous poultry breeds. For long term sustainability and conservation of indigenous
poultry genetic material, breeding has to be done responsibly.

5.4 Value addition to create a niche market for indigenous poultry

The demand for poultry products is steadily rising in Kenya. Commercial poultry breeds
mostly meet this demand. However, a niche market for indigenous poultry products within
Kenya needs to be exploited. Over the years, people have become health conscious and are
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keen on consuming indigenous products. For a continuous supply of indigenous poultry
products in the market, farmers need to be trained on the importance of indigenous poultry
farming. They can be educated on the value of indigenous poultry for their nutrition and
their unique attributes like disease and heat stress tolerance (Osinowo et al., 1988).
Extension services from the government should engage closely with farmers to help them
embrace complementary strategies like marketing and exploitation of local poultry breeds
to achieve profit (FAO, 2013).

6.0 Conclusions and recommendations

Indigenous poultry breeds face many challenges in the face of climate change due to heat
stress. This poses many challenges in sustaining or growing their population sizes to avoid
extinction. Although their output is lower than commercial poultry breeds, they have a wide
range of adaptive traits. This, however, may be enhanced through niche marketing.

Indigenous poultry represents an essential genetic reservoir of phenotypes more adapted to
heat stress. There are no studies on sustainable genetic breeding programs for heat stress
tolerance utilizing indigenous poultry breeds. Access to knowledge on indigenous poultry
adaptation to severe environments, matching diverse poultry ecotypes to suitable
environments, and tools for selection and genetic breeding should be made more widely
available. This information should help minimize the effects of heat stress on indigenous
poultry genetic resource growth, production, and reproduction to sustain food security. A
successful breeding program needs the support and contributions of the government and
several other stakeholders from all facets of society.

7.0 References

Balnave, D., and Muheereza, S. K. (1997). Improving Eggshell Quality at High
Temperatures with Dietary Sodium Bicarbonate. Poultry Science, 76(4), 588-593.
https://doi.org/10.1093/ps/76.4.588

Barrett, N. W., Rowland, K., Schmidt, C. J., Lamont, S. J., Rothschild, M. F., Ashwell, C. M.,
and Persia, M. E. (2019). Effects of acute and chronic heat stress on the
performance, egg quality, body temperature, and blood gas parameters of laying
hens. Poultry Science, 98(12), 6684-6692. https://doi.org/10.3382/ps/pez541

Bernabucci, U. (2019). Climate Change: Impact on Livestock and How Can We Adapt. In
Animal Frontiers 9(1), 3-5). https://doi.org/10.1093/af/vfz022

Bhadauria, P., Keshava, M. P., Murai, A., and Jadoun, Y. S. (2016). Management of Heat
Stress in poultry production system. ICARAgricultural Technology Application
Research Institute, Zone-1,Ludhiana 141, 4.

Bhadauria, P., Kataria, J. M., Majumdar, S., Bhanja, S. K., and Kolluri, G. (2014). Impact
of Hot Climate on Poultry Production System-A Review. Journal of Poultry Science
and Technology. www.jakraya.com/journal/jpst

Carabafio, M. J.,, Ramén, M., Menéndez-Buxadera, A., Molina, A., and Diaz, C. (2019).
Selecting for heat tolerance.  Animal Frontiers, 9(1), 62-68.
https://doi.org/10.1093/af/vfy033

56
URL: https://ojs.jkuat.ac.ke/index.php/JAGST
ISSN 1561-7645 (online)
https://dx.doi.org/10.4314 /jagst.v21il.6


https://dx.doi.org/10.4314/jagst.v21i1.6

/&«‘"A
/ Journal of Agriculture Science & Technology JAGST 21 (1) 2022, 49-61

g

A~ A
Breeding for heat stress tolerance in poultry

Cedraz, H., Gromboni, J. G. G., Garcia, A. A. P., Farias Filho, R. V., Souza, T. M., De Oliveira,
E. R., De Oliveira, E. B., Do Nascimento, C. S., Meneghetti, C., and Wenceslau, A. A.
(2017). Heat stress induces expression of HSP genes in genetically divergent
chickens. PLoS ONE, 12(10). https://doi.org/10.1371/journal.pone.0186083

Chen, Z.Y., Zhang, W.W., Gan, J.K., Kong, L.N., Zhang, X.Q., Zhang, D.X., and L. Q.. (2016).
Genetic effect of an A/G polymorphism in the HSP70 gene on thermotolerance in
chicken. Genet. Mol.Res, 15(2). https://doi.org/10.4238/gmr.15028271

Chesoo, B.K., Wanga, J.0., and Nandwa, A. (2021). Assessment of Morphological
Characteristics of Indigenous Chicken Ecotypes of Kenya. Africa Environmental
Review Journal, 4(2), 139-147. http://www.aer-
journal.info/index.php/journals/article/view/133

Cho, S., Manjula, P., Kim, M., Cho, E., Lee, D., Lee, S. H., Lee, J. H., and Seo, D. (2021).
Comparison of selection signatures between korean native and commercial
chickens using 600k snp array data. In Genes (Vol. 12, Issue 6).
https://doi.org/10.3390/genes12060824

Daghir, N. J. (2008). Poultry production in hot climates: Second edition. Poultry
Production in Hot Climates: 2.

Deeb, N., Yunis, R., and Cahaner, A. (1993). Genetic manipulation of feather coverage
and its contribution to heat tolerance of commercial broilers. Proceedings of the
10th International Symposium on Current Problems in Avian Genetics, Nitra,
Slovakia.

Dessie, T., and Ogle, B. (2001). Village poultry production systems in the central
highlands of Ethiopia. Tropical Animal Health and Production, 33(6), 521-537.
https://doi.org/10.1023/A:1012740832558

Ducrocq, V., Laloe, D., Swaminathan, M., Rognon, X., Tixier-Boichard, M., and Zerjal, T.
(2018). Genomics for ruminants in developing countries: From principles to
practice. Frontiers in Genetics 9(251). https://doi.org/10.3389/fgene.2018.00251

Duncan, E. J., Gluckman, P. D., and Dearden, P. K. (2014). Epigenetics, plasticity, and
evolution: How do we link epigenetic change to phenotype?. Journal of
Experimental Zoology Part B: Molecular and Developmental Evolution, 322(4), 208-
220). https://doi.org/10.1002/jez.b.22571

FAO. (2013). Poultry genetics and breeding in developing countries by Robert Pym.
Poultry Development Review, 80-83. fao.org/3/i3531e/i3531e.pdf

FAO. (2018). The State of Food Security and Nutrition in the World 2018. Building climate
resilience for food security and nutrition -Policy Support and Governance-. Food
and Agriculture Organization of the United Nations, 7(7).

Gaughan, J.B, Sejian, V., Mader, T.L.,, and D. F. R. (2019). Adaptation strategies:
ruminants. Animal Frontiers, 9(1), 47-53. https://academic.oup.com/af/article-
abstract/9/1/47/5168810

Gaughan, J. B., Bonner, S., Loxton, I., Mader, T. L., Lisle, A., and Lawrence, R. (2010).
Effect of shade on body temperature and performance of feedlot steers. Journal of
Animal Science, 88(12), 4056-4067. https://doi.org/10.2527/jas.2010-2987

Goddard, M. E., and Hayes, B. J. (2009). Mapping genes for complex traits in domestic
animals and their use in breeding programmes. Nature Reviews Genetics 10(6),

57
URL: https://ojs.jkuat.ac.ke/index.php/JAGST
ISSN 1561-7645 (online)
https://dx.doi.org/10.4314 /jagst.v21il.6


https://dx.doi.org/10.4314/jagst.v21i1.6

R B
[ ' Journal of Agriculture Science & Technology JAGST 21 (1) 2022, 49-61

X

p e ]

)

Breeding for heat stress tolerance in poultry

381-391). https://doi.org/10.1038/nrg2575

Goel, A. (2020). Heat stress management in poultry. Journal of Animal Physiology and
Animal Nutrition, 105(6), 1136-1145. https://doi.org/10.1111/jpn.13496

Gondwe, T. (2005). Characterisation of local chicken in low input-low output production
systems: Is there scope for appropriate production and breeding strategies in
Malawi? https://cuvillier.de/de/shop/publications/2686

Helmy, M., Awad, M., and Mosa, K. A. (2016). Limited resources of genome sequencing
in developing countries: Challenges and solutions. Applied and Translational
Genomics, 9, 15-19. https://doi.org/10.1016/j.atg.2016.03.003

Hoffmann, 1. (2013). Adaptation to climate change--exploring the potential of locally
adapted breeds. Animal : An International Journal of Animal Bioscience, 7(2), 346-
362. https://doi.org/10.1017/51751731113000815

Jablonka, E. V. A., and Raz, G. A. L. (2009). Transgenerational epigenetic inheritance:
prevalence, mechanisms, and implications for the study of heredity and evolution.
Quarterly Review of Biology, 84(2), 131-176. https://doi.org/10.1086/598822

Karikari, T. K. (2015). Bioinformatics in Africa: The Rise of Ghana? PLoS Computational
Biology, 11(9). https://doi.org/10.1371/journal.pcbi.1004308

Kingori, A. M., Wachira, A. M., and Tuitoek, J. K. (2010). Indigenous chicken production
in Kenya: A review. International Journal of Poultry Science, 9(4), 309-316.
https://doi.org/10.3923/ijps.2010.309.316

Kisliouk, T., and Meiri, N. (2009). A critical role for dynamic changes in histone H3
methylation at the Bdnf promoter during postnatal thermotolerance acquisition.
European Journal of Neuroscience, 30(10), 1909-1922.
https://doi.org/10.1111/j.1460-9568.2009.06957.x

Kucuk, O., Sahin, N., and Sahin, K. (2003). Supplemental zinc and vitamin A can alleviate
negative effects of heat stress in broiler chickens. Biological Trace Element
Research, 94(3), 225-235. https://doi.org/10.1385/BTER:94:3:225

Lachance, J., and Tishkoff, S. A. (2013). SNP ascertainment bias in population genetic
analyses: Why it is important, and how to correct it. BioEssays, 35(9), 780-786.
https://doi.org/10.1002/bies.201300014

Leenstra, F., and Cahaner, A. (1992). Effects of low, normal, and high temperatures on
slaughter yield of broilers from lines selected for high weight gain, favorable feed
conversion, and high or low fat content. Poultry Science, 71(12), 1994-2006.
https://doi.org/10.3382/ps.0711994

Mack, L. A., Felver-Gant, J. N., Dennis, R. L., and Cheng, H. W. (2013). Genetic variations
alter production and behavioral responses following heat stress in 2 strains of laying
hens. Poultry Science, 92(2), 285-294. https://doi.org/10.3382/ps.2012-02589

Melesse, A., Tiruneh, W., and Negesse, T. (2011). Effects of feeding Moringa stenopetala
leaf meal on nutrient intake and growth performance of Rhode Island Red chicks
under tropical climate. Tropical and Subtropical Agroecosystems, 14(2), 485-492.
http://www.scielo.org.mx/scielo.php?pid=51870-
04622011000200011&script=sci_arttext

Moraa, G. K., Oyier, P. A., Maina, S. G., Makanda, M., Ndiema, E. K., Alakonya, A. E.,
Ngeiywa, K. J., Lichoti, J., and Ommeh, S. C. (2015). Assessment of phenotypic traits

58
URL: https://ojs.jkuat.ac.ke/index.php/JAGST
ISSN 1561-7645 (online)
https://dx.doi.org/10.4314 /jagst.v21il.6


https://dx.doi.org/10.4314/jagst.v21i1.6

g

B g

/&«‘"A
/ Journal of Agriculture Science & Technology JAGST 21 (1) 2022, 49-61

Breeding for heat stress tolerance in poultry

relevant for adaptation to hot environments in indigenous chickens from four agro-
climatic zones of Kenya. Livestock Research for Rural Development 27(10).
https://www.researchgate.net/publication/282334080

Mussa, E. (2015). Phenotypic characterization of local chicken ecotypes indigenous to
semi-arid areas of Dodoma and Singida regions of central Tanzania.
http://41.78.64.25/handle/20.500.12661/1039

Nayak, N., Kumar Bhanja, S., Firdous Ahmad, S., and Mehra, M. (2016). Role of epigenetic
modifications in improving the thermo-tolerance, growth and immuno-
competence in poultry: current status and future applications. Indian Journal of
Poultry Science, 51(1), 1-9. https://doi.org/10.5958/0974-8180.2016.00015.5

Ngeno, K. (2015). Breeding program for indigenous chicken in Kenya (Doctoral
dissertation, Wageningen University).

Ngeno, K., Vander Waaij, E. H., and Kahi, A. K. (2015). Indigenous chicken genetic
resources in Kenya: Their unique attributes and conservation options for improved
use. World’s Poultry Science Journal, 70(1), 173-184.
https://doi.org/10.1017/S0043933914000154

Nichelmann, M., and Tzschentke, B. (1997). Ontogeny of thermoregulation during the
prenatal period in birds. Annals of the New York Academy of Sciences, 813, 78-86.
https://doi.org/10.1111/j.1749-6632.1997.tb51676.x

Nyoni, N. M. B., Grab, S., and Archer, E. R. M. (2019). Heat stress and chickens: climate
risk effects on rural poultry farming in low-income countries. Climate and
Development, 11(1), 83-90. https://doi.org/10.1080/17565529.2018.1442792

Oloyo, A., and Ojerinde, A. (2020). Poultry Housing and Management. Poultry - An
Advanced Learning. https://doi.org/10.5772/intechopen.83811

Osei-Amponsah, R., Chauhan, S. S., Leury, B. J., Cheng, L., Cullen, B., Clarke, 1. J., and
Dunshea, F. R. (2019). Genetic selection for thermotolerance in ruminants. Animals,
9(11), 1-18. https://doi.org/10.3390/ani9110948

Osinowo, O., Abubakar, B., and Adeniji, K. (1988). Proceedings of the workshop on the
improvement of small ruminants in West and Central Africa.

Pachauri, R.K., Allen, M.R., Barros, V.R., Broome, J., Cramer, W., Christ, R., Church, J.A.,
Clarke, L., Dahe, Q., Dasgupta, P. and Dubash, N.K. (2015). Climate Change 2014:
Synthesis Report. Contribution of Working Groups |, Il and Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. In Ipcc.
Gian-Kasper Plattner. https://epic.awi.de/id/eprint/37530/

Perini, F., Cendron, F., Rovelli, G., Castellini, C., Cassandro, M., and Lasagna, E. (2021).
Emerging genetic tools to investigate molecular pathways related to heat stress in
chickens: A review. Animals, 11(12), 1-19. MDPI AG.
https://doi.org/10.3390/ani11010046

Rajkumar, U., Vinoth, A., Shanmugam, M., Rajaravindra, K. S., and Rama Rao, S. V.
(2015). Effect of Embryonic Thermal Exposure on Heat Shock Proteins (HSPs) Gene
Expression and Serum T3 Concentration in Two Broiler Populations. Animal
Biotechnology, 26(4), 260-267. https://doi.org/10.1080/10495398.2015.1022183

Randhawa, I. A. S., Khatkar, M. S., Thomson, P. C., and Raadsma, H. W. (2014). Composite
selection signals can localize the trait specific genomic regions in multi-breed

URL: https://ojs.jkuat.ac.ke/index.php/JAGST
ISSN 1561-7645 (online)
https://dx.doi.org/10.4314 /jagst.v21il.6

59


https://dx.doi.org/10.4314/jagst.v21i1.6

g

B g

/&«‘"A
/ Journal of Agriculture Science & Technology JAGST 21 (1) 2022, 49-61

Breeding for heat stress tolerance in poultry

populations of cattle and sheep. BMC Genetics, 15. https://doi.org/10.1186/1471-

2156-15-34
Rao, A., Barkley, D., Franca, G. S., and Yanai, |. (2021). Exploring tissue architecture using
spatial transcriptomics. Nature 596(7871), 211-220.

https://doi.org/10.1038/s41586-021-03634-9

Rojas-Downing, M. M., Nejadhashemi, A. P., Harrigan, T., and 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

Rothschild, M. F., and Plastow, G. S. (2014). Applications of genomics to improve
livestock in the developing world. Livestock Science, 166(1), 76-83.
https://doi.org/10.1016/].livsci.2014.03.020

Saeed, M., Abbas, G., Alagawany, M., Kamboh, A. A., Abd El-Hack, M. E., Khafaga, A. F.,
and Chao, S. (2019). Heat stress management in poultry farms: A comprehensive
overview. Journal of Thermal Biology 84, 414-425).
https://doi.org/10.1016/j.jtherbio.2019.07.025

Sahin, K., and Kucuk, O. (2003). Heat stress and dietary vitamin supplementation of
poultry diets. CAB Reviews, 73(7), 41-50.
https://www.cabdirect.org/cabdirect/abstract/20033127283

Sahin, K., Onderci, M., Sahin, N., Gulcu, F., Yildiz, N., Avci, M., and Kucuk, O. (2006).
Responses of quail to dietary Vitamin E and zinc picolinate at different
environmental temperatures. Animal Feed Science and Technology, 129(1-2), 39-
48. https://doi.org/10.1016/j.anifeedsci.2005.11.009

Srikanth, K., Kumar, H., Park, W., Byun, M., Lim, D., Kemp, S., Marinus F.W., Kim, J. M.,
and Park, J. E. (2020). Corrigendum: Cardiac and Skeletal Muscle Transcriptome
Response to Heat Stress in Kenyan Chicken Ecotypes Adapted to Low and High
Altitudes Reveal Differences in Thermal Tolerance and Stress Response. Frontiers
in Genetics 11, 197. https://doi.org/10.3389/fgene.2020.00197

Tamzil, M. H. (2014). Heat Stress on Poultry: Metabolism, Effects and Efforts to
Overcome. Indonesian Bulletin of Animal and Veterinary Sciences, 24(2).
https://doi.org/10.14334/wartazoa.v24i2.1049

Thornton, P. K., Van De Steeg, J., Notenbaert, A., and 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), 113-
127. https://doi.org/10.1016/j.agsy.2009.05.002

Tzschentke, B., and Basta, D. (2002). Early development of neuronal hypothalamic
thermosensitivity in birds: Influence of epigenetic temperature adaptation.
Comparative Biochemistry and Physiology - A Molecular and Integrative Physiology,
131(4), 825-832. https://doi.org/10.1016/51095-6433(02)00020-X

Vandana, G. D., Sejian, V., Lees, A. M., Pragna, P., Silpa, M. V., and Maloney, S. K. (2021).
Heat stress and poultry production: impact and amelioration. International Journal
of Biometeorology 65(2), 163-179. Springer Science and Business Media
Deutschland GmbH. https://doi.org/10.1007/s00484-020-02023-7

Wang, M. S, Li, Y., Peng, M. S., Zhong, L., Wang, Z.J., Li, Q. Y., Tu, X. L., Dong, Y., Zhu, C.
L., Wang, L., Yang, M. M., Wu, S. F., Miao, Y. W,, Liu, J. P,, Irwin, D. M., Wang, W.,

URL: https://ojs.jkuat.ac.ke/index.php/JAGST
ISSN 1561-7645 (online)
https://dx.doi.org/10.4314 /jagst.v21il.6

60


https://dx.doi.org/10.4314/jagst.v21i1.6

R B
[ ' Journal of Agriculture Science & Technology JAGST 21 (1) 2022, 49-61

X

p e ]

)

Breeding for heat stress tolerance in poultry

Wu, D. D., and Zhang, Y. P. (2015). Genomic analyses reveal potential independent
adaptation to high altitude in Tibetan chickens. Molecular Biology and Evolution,
32(7), 1880-1889. https://doi.org/10.1093/molbev/msv071

Wang, M. S., Otecko, N. O., Wang, S., Wu, D. D., Yang, M. M., Xu, Y. L., Murphy, R. W,,
Peng, M. S., and Zhang, Y. P. (2017). An evolutionary genomic perspective on the
breeding of dwarf chickens. Molecular Biology and Evolution, 34(12), 3081-3088.
https://doi.org/10.1093/molbev/msx227

Wasti, S., Sah, N., and Mishra, B. (2020). Impact of heat stress on poultry health and
performances, and potential mitigation strategies. Animals, 10(8), 1-19.
https://doi.org/10.3390/ani10081266

Weimann, C,, Eltayeb, N. M., Brandt, H., Yousif, I. A. S., Abdel Hamid, M. M., and Erhardt,
G. (2016). Genetic diversity of domesticated and wild Sudanese Guinea fowl
(Numida meleagris) based on microsatellite markers. Archives Animal Breeding,
59(1), 59-64. https://doi.org/10.5194/aab-59-59-2016

Winsemius, H. C., Dutra, E., Engelbrecht, F. A., Archer Van Garderen, E., Wetterhall, F.,
Pappenberger, F., and Werner, M. G. F. (2014). The potential value of seasonal
forecasts in a changing climate in southern Africa. Hydrology and Earth System
Sciences, 18(4), 1525-1538. https://doi.org/10.5194/hess-18-1525-2014

Yanchev, I., Gudev, D., Ralcheva, S., and Moneva, P. (2007). Effect of Cr picolinate and
Zn supplementation on plasma cortisol and some metabolite levels in Charolais
hoggets  during  acclimatization.  Archiva  Zootechnica, 10, 78-84.
http://www.ibna.ro/arhiva/AZ 10/AZ 10_10 Yanchev.pdf

Yang, C., Zhang, M., Niu, W., Yang, R., Zhang, Y., Qiu, Z., Sun, B., and Zhao, Z. (2011).
Analysis of DNA methylation in various swine tissues. PLoS ONE, 6(1).
https://doi.org/10.1371/journal.pone.0016229

Zaboli, G., Huang, X., Feng, X., and Ahn, D. U. (2019). How can heat stress affect chicken
meat quality? - A review. Poultry Science, 98(3), 1551-1556.
https://doi.org/10.3382/ps/pey399

61
URL: https://ojs.jkuat.ac.ke/index.php/JAGST
ISSN 1561-7645 (online)
https://dx.doi.org/10.4314 /jagst.v21il.6


https://dx.doi.org/10.4314/jagst.v21i1.6

