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ABSTRACT

Phenotypic characterization of indigenous chickens and evaluation of Enteromorpha
prolifera polysaccharide supplementation on growth performance and anticoccidial
efficacy

By Bekalu Muluneh
Animal Genetics and Breeding Program, Animal Sciences Department, College of

Agriculture and Environmental Sciences, Bahir Dar University

Investigating chicken production systems, along with the ecotype's productive and
morphological traits, as well as the challenges and opportunities in chicken production is
crucial for developing sustainable breeding programs. The aim of the dissertation was to
phenotypically characterize the indigenous chicken ecotypes and evaluate the effect of
Enteromorpha prolifera polysaccharide on growth performance and anticoccidial efficacy.
The dissertation is based on four manuscripts mentioned as chapters (Chapter 4 - Chapter 7).
The first manuscript (Chapter 4) explores the husbandry practices and selection criteria of
chicken producers in Northwest Ethiopia. In this chapter, data collected from a total of 360
households from six districts (stratified into lowland, midland, and highland agro-ecologies)
was analyzed. In the study area, egg production performance was a priority by chicken owners
when selecting female chickens across all agro-ecologies. For male chickens, plumage color,
appearance, and growth rate were the main traits considered. Farmers primarily raised
chickens for income generation through the sale of eggs and birds. There were significant
differences among agro-ecologies in terms of chicken feeding management, housing, chicken
flock composition, brood modification methods, and reproductive performance traits. The
inbreeding coefficient was higher in the highland agro-ecology compared to the midland and
lowland areas. To enhance chicken productivity sustainably, breeding programs should align
with farmers' production objectives and trait preferences specific to each agro-ecology. The
second manuscript (Chapter 5) focuses on characterizing the morpho-biometric variations of
indigenous chicken ecotypes in Northwest Ethiopia. Sampling was done using a multi-stage
purposive, stratified, and random approach. Morpho-biometric data collected from a total of
1200 adult chickens were analyzed for 12 qualitative and 11 quantitative traits. Red plumage
color, white and red earlobe color, and yellow shank color were the most prevalent trait
categories. Body measurements were significantly influenced by sex, agro-ecology, location,

and the interaction of sex and location. Shank traits (Shank length and circumference)



exhibited high discriminatory power in both sexes. Female and male sample populations were
classified with overall rates of 57.47% and 69.97%, respectively. Significant squared
Mahalanobis distances were observed between locations/sites. Canonical variates analysis
separated sample populations based on location. Cluster analysis classified the indigenous
chickens into four ecotypes: ecotype 1 (Banja, Dembecha, and Aneded), ecotype 2 (North
Achefer), ecotype 3 (Sinan), and ecotype 4 (Jawi). The third manuscript (Chapter 6) was
based on an on-station comparison of the growth performance of indigenous chickens and
evaluates the effect of Enteromorpha polysaccharide (EP) supplementation on their growth. A
total of 180 indigenous chicken ecotypes (Sinan, Dembecha, North Achefer, and Jawi) were
used in the study. Both ecotype and sex had a significant effect on body weight and average
daily gain (ADG). Jawi ecotype exhibited the highest final body weight and ADG, followed
by North Achefer. Males had higher body weight and ADG than females. Enteromorpha
polysaccharide supplementation resulted in significantly higher body weight and ADG
compared to non-supplemented chickens. The interaction between ecotype and feed type was
not significant, except at week nine. Sinan ecotype showed the highest survivability rate in the
first four weeks. Overall, Jawi and North Achefer ecotypes performed better in terms of
growth, while Sinan ecotype showed relatively higher survivability. Supplementation of EP
showed potential for improving chicken growth. The fourth manuscript (Chapter 7) was
about the anticoccidial potential of Enteromorpha prolifera polysaccharide in indigenous
chickens in Northwest Ethiopia. The study included 78 male indigenous chickens divided into
two treatment groups: EP non-supplemented and EP supplemented. Each group had five
replications. After 14 days of EP supplementation, chickens were inoculated with 1.5x10*
mixed Eimeria oocysts. The EP-supplemented chickens exhibited significantly lower oocyst
counts and less severe lesion scores compared to non-supplemented chickens. The EP
supplementation provided relatively a higher protection rate against lesions and resulted in
higher weight gain. Enteromorpha polysaccharide showed promise as a potential strategy for
combating coccidiosis in chickens. Further research is needed to understand the mechanisms

underlying its protective effects.

Keywords: Agro-ecology, Anticoccidial, Body weight, Breeding objective, Characterization,
Coccidiosis, Disease, Ecotype, Enteromorpha polysaccharide, Growth, Indigenous chicken,
Morpho-biometric, Squared Mahalanobis, Trait
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CHAPTER 1: GENERAL INTRODUCTION

Indigenous chickens (Gallus domesticus) possess adaptive characteristics that enable them
to thrive in under various environmental conditions, including extensive small-scale
village settings, free-range environments, and organic production systems (Padhi, 2016;
Manyelo et al., 2020; Kpomasse et al., 2023). Indigenous chicken production is widely
practiced in rural areas of developing countries including Ethiopia. These chickens hold
significant socioeconomic importance, serving as crucial contributors to food security,
sources of income generation, participants in religious rituals (Gulilat et al., 2021), and
providers of employment opportunities (Tolasa, 2021). Ethiopia's poultry population is
estimated at approximately 57 million, with the majority being laying hens (34.26%) and
chicks (32.86%). In terms of breed distribution, 78.85% of the total poultry are
indigenous, 9.14% are exotic, and 12.03% are hybrid (CSA, 2021).

Identification of indigenous chicken breeds, along with data on their population sizes,
geographic distributions, and genetic diversity, is essential for their improvement, and
implementing targeted conservation and breeding programs (Melesse et al., 2021,
Kpomasse et al., 2023). Indigenous chickens exhibit distinctive morphological features
and possess genes that confer adaptive advantages in their specific environments,
including resistance to local diseases (Aklilu et al., 2013) and they have been chosen
based on these traits (Mpenda et al., 2019). This selective process has resulted in the
existence of a diverse array of chicken breeds and ecotypes globally (Di Lorenzo et al.,
2015). In evolutionary biology, ‘ecotype’ is described as a population that is genetically
adapted to specific environmental conditions (Vallejo-Trujillo et al., 2022). Indigenous
chickens display significant phenotypic variation in plumage, shank coloration, eye color,
earlobe size, comb type, skin pigmentation, feather distribution, and body size, which can
be attributed to the prevailing climatic conditions (Manyelo et al., 2020). The indigenous
chickens in Ethiopia are named either after the specific locations where they are
predominantly found or based on their plumage color type (Muluneh et al., 2023).
Ethiopian indigenous chickens possess a rich genetic diversity and demonstrate strong
local adaptation capabilities, forming the foundation for selective breeding and genetic
improvement approaches (Melesse et al., 2021). Nevertheless, despite their abundant

resources and remarkable adaptability to local environmental conditions, indigenous



chickens exhibit suboptimal performance within smallholder production systems, with

variations observed across different regions of Ethiopia (Matawork, 2018).

In the traditional production system, smallholder farmers maintain flocks consisting of
diverse phenotypes to fulfill their multifaceted requirements (Dana et al., 2010a). In
addition to fulfilling economic requirements, smallholder farmers keep indigenous
chickens to meet their cultural and religious needs (Dana et al., 2010a; Melesse &
Negesse, 2011). For instance, Dana et al. (2010b) emphasized the importance of plumage
color in indigenous chicken rearing, since this trait is considered by many farmers for its
impact on consumer preferences and market prices. To develop a successful animal
breeding program for village chicken production systems, it is essential to comprehend the
management practices, production environment, breeding goals, and trait preferences
(Tilahun et al., 2022). Notably, the inclusion of economically significant traits in
designing of breeding program is of utmost importance for the conservation of chicken
breeds, as well as for enhancing productivity and establishing sustainable breeding
strategies (Wong et al., 2017). In Ethiopia, efforts have been made to enhance the
productivity of the poultry industry by introducing exotic breeds. However, these attempts
not resulted in the anticipated outcomes due to the insufficient management practices
(Esatu et al., 2022). To improve local poultry production, a potential intervention strategy
should initially focus on indigenous breeds, taking into consideration the specific needs
and preferences of smallholder farmers. As suggested by Wilson (2010), the most
effective approach to achieving higher output and productivity is to enhance the genetic

characteristics of local chickens and implement changes in management practices.

Indigenous chicken production encounters various challenges, including limited
availability and high cost of feedstuffs, climate-related difficulties leading to frequent
diseases and increased flock mortality rates, as well as poor feed efficiency (Mahoro et al.,
2017; Kpomasse et al., 2023). Genetics, nutrition, and health collectively influence the
production performance of animals (Dana et al.,, 2010a). Breeding and genetic
improvement of indigenous chickens is crucial for agricultural sustainability, involving the
selection of suitable breeds and a thorough understanding of their specific attributes or
phenotypes (Manyelo et al., 2020). In addition to breeding and genetic improvement,
providing optimal nutrition plays a vital role in promoting the growth, production, and

overall health of poultry. Indigenous chickens possess inherent resilience against persistent

2



pathogen exposure. However, in rural areas, the lack of adequate bio-security measures
heightened susceptibility to infectious diseases and limited access to appropriate
treatments, such as vaccines and drugs contribute to elevated mortality rates (Mpenda et
al., 2019). Diseases, such as Newcastle disease, Gumboro disease, and coccidiosis are
recognized as major causes of mortality in different regions of Africa (Kpomasse et al.,
2023). This might be attributed to the high cost and lack of access to vaccines and the

emergence of drug-resistant disease-causing strains.

To mitigate the access and affordability of vaccines, overcome drug-resistant strains, and
drug residues, various alternative disease control methods such as probiotics, organic
acids, essential oils, antioxidants, and the development of disease-resistant chicken breeds
are being implemented (Kalkal et al., 2021; Gul et al., 2022; Raza et al., 2022). Studies of
Wassie et al. (2021b) and Zhao et al. (2021) demonstrated that the addition of
Enteromorpha prolifera (EP), a type of seaweed-green algae, enhanced the performance of
chickens in various aspects, including growth and production, breast muscle yield, egg
quality, antioxidant capacity, and intestinal morphology. Another promising alternative
approach to enhance prophylactic measures is genetic resistance and it can be achieved

through genetic breeding and genetic modification techniques (Gul et al., 2022).

In the Northwest part of Ethiopia, particularly in the West Gojjam zone, Awi zone, and
East Gojjam zone, there is a significant genetic resource of indigenous chickens, estimated
at approximately 5.8 million (CSA, 2021). However, there is a lack of scientific
information regarding the morphological characteristics of the chickens, selection criteria,
and production/breeding objectives of the households keeping these indigenous chickens
among farmers. Moreover, the production and reproduction performances of these
chickens have not been adequately studied at different environmental conditions.
Therefore, this study aims to characterize indigenous chicken ecotypes, explore their
production systems, and evaluate the effect of Enteromorpha prolifera polysaccharide

supplementation on growth and anticoccidial efficacy of indigenous chickens.



The following specific objectives were addressed in order to achieve the overall objective.

1. To identify the selection criteria and husbandry practices of indigenous chicken
producers in Northwest Ethiopia.

2. To morpho-biometrically characterize the indigenous chicken ecotypes in
Northwest Ethiopia.

3. To evaluate the effect of ecotype and Enteromorpha prolifera polysaccharide
supplementation on the growth performance of indigenous chicken ecotypes in
Northwest Ethiopia.

4. To evaluate anticoccidial efficacy of Enteromorpha prolifera polysaccharide in
indigenous chickens of Northwest Ethiopia.



CHAPTER 2: LITERATURE REVIEW

2.1. Origin, Domestication and Distribution of Chickens

The origins of domestic chickens (Gallus g. domesticus) have been debated ever since
Darwin (Sawai et al., 2010). The domestication of chickens is widely believed to have
occurred in multiple centers, as supported by archaeological and historical evidences
(Storey et al., 2012). Archaeological and molecular evidence supports the notion that
domesticated chicken populations in Asia emerged from a shared ancestor, specifically the
red jungle fowl Gallus gallus (Storey et al., 2012; Al-Jumaili et al., 2020). Chickens were
likely domesticated in Southeast Asia, particularly in regions like the Indus Valley, with
evidence pointing to multiple domestication events across Asia, including India
(Kanginakudru et al., 2008; Lawal & Hanotte, 2021). The cultural and religious
importance of chickens has led to their widespread distribution, with descendants of early
domestic fowl being dispersed globally over at least two millennia through multiple means
(Belew, 2018). The African local chicken breeds are thought to have originated from
South-East Asia, China, and India (Muchadeyi et al., 2008; Mtileni et al., 2011). There is
limited documentation regarding the introduction of domesticated chickens into Africa
(Dessie et al., 2012). According to Mwacharo et al. (2013), the history of introduction and
dispersal of village chickens across the African continent is a subject of intense argument
and speculation among scholars. Socio-cultural, linguistic, archaeological, and historical
evidence collectively indicate that the introduction of chickens to Africa occurred through
multiple maritime and/or terrestrial routes over a span of time (Alemayhu, 2003).

2.2. Chicken Production Systems in Ethiopia

Poultry in Ethiopia are raised across diverse management systems, classified based on
factors like breed, flock size, housing, feeding, health practices, bio-security levels, and
technology utilization. The systems include extensive scavenging, semi-intensive, small-
scale intensive, and large-scale commercial poultry production (Esatu et al., 2017; FAO,
2019b).



In the extensive or scavenging system, few birds are kept with scarce specific poultry
house. Birds scavenge and are occasionally fed home grains and refuse, with no regular
health programs, bio-security measures, or formal marketing channels. Native dual-use
breeds are common in this system, adapted to scavenging environments. In contrast,
hybrid and exotic breeds are prevalent in other systems except for the extensive one
(Emebet et al., 2016; Esatu et al., 2017). This system, prevalent in rural areas, aims for
household consumption and supplementary income, covering 95-98% of the country's
poultry production and typically lacks profitability, with minimal supplementary feeds,
housing, and natural incubation for chicks. High chicken mortality rates, often exceeding
70%, occur due to inadequate healthcare and veterinary services (FAO, 2019; Entity,
2021). Primarily managed by women for supplemental income, poultry in this system
contributes significantly to household finances (Ayele & Rich, 2010). The income
generated often supports school expenses, underlining the importance of empowering rural
women in family poultry development for both women and their children's education
(FAO, 2019; Entity, 2021).

The semi-intensive system involves flocks of 50-200 birds, combining scavenging with
regular supplementation and improved housing and healthcare, resulting in mortality rates
from 20 to over 50% (Entity, 2021). The Ethiopian Livestock Master Plan estimated
around 120,000 households in this system in 2014 (Shapiro et al., 2015). Small-scale
intensive production employs specialized breeds, balanced rations, and high-quality
housing, with access to veterinary care and low to medium mortality rates (<20%). This
system is popular in urban areas, serves as a vital income source for many families and
plays a role in youth employment (Urgesa, 2023). Large-scale commercial poultry
production, highly intensive, involves over 10,000 birds under controlled conditions,
heavily relying on imported exotic breeds and modern management practices. Market-
oriented, it caters to urban poultry demands (Fitsum & Aliy, 2014). The sector is growing,
with a significant share in meat and egg production, and relies on its parent stock for
sustainable day-old-chick production. It accounts for nearly 2% of the national poultry

population (Belew, 2018).



2.3. Breeding Objectives of Indigenous Chicken Producers

The traits to be improved, the cost of production, and the income from the product sales
related to a genetic change in each trait are referred to as breeding objectives (Musa et al.,
2023). The determination of the ideal magnitude and direction of genetic changes in traits
within a breeding program can be significantly influenced by breeding objectives,
although they are not the sole determining factor (Byrne & Amer, 2018). They enable both
breeders and commercial producers to direct breeding emphasis towards specific market
outcomes or address key performance aspects of their production system. Under the
scavenging production system, smallholder farmers maintain flocks with diverse
phenotypes to fulfill their multipurpose needs, reflecting their broad breeding objectives
(Chebo et al., 2022). In developing countries, indigenous chickens are commonly raised
for the purpose of egg and meat production, primarily for home consumption,

reproduction, or generating income (Mujyambere et al., 2021).

Enhancing the productivity and adaptability of indigenous chickens in diverse
environments hinges on the critical selection criteria employed. Indigenous chickens
exhibit diverse physical traits such as comb type, shank color, and plumage patterns,
serving as key indicators for farmers in selecting for fertility and adaptability in rural
settings (Chebo et al., 2022). Research suggests that focusing on within-breed selection
can notably improve characteristics such as body weight and egg yield, while genomic
selection can further amplify genetic advancements and diminish inbreeding rates
(Ndung’u et al., 2022). Selective breeding has been minimally practiced in indigenous
chickens (Desta & Wakeyo, 2024). The diverse breeding goals of small-scale farmers
(Bett et al., 2011) and the continuous exposure of indigenous chickens to natural selection
have mitigated the impact of human-driven selection. Small-scale farmers exhibit a wide
range of preferences based on traits that align with their socio-cultural and economic
requirements, with a common emphasis on resilience traits (Desta & Wakeyo, 2024).
Indigenous chickens, characterized by unique attributes, offer a range of products and
services. Both consumers and subsistence farmers express strong demand for meat and
eggs with enhanced flavor and diverse morphological traits typical of indigenous chickens
(Yakubu et al., 2020). The choice of breeds and traits among small-scale farmers is shaped
by community needs, production system dynamics, and local interactions. For small-scale

farmers raising indigenous chickens, meeting their varied needs and preferences lacks a
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standardized approach. Beyond serving as sources of protein, indigenous chickens hold
cultural and ritual significance, providing diverse socio-economic benefits to small-scale
farmers (Desta, 2021a; Kapella et al., 2023). Small-scale farmers intentionally select
indigenous chickens to align with their broad breeding goals and adapt to local conditions
(Desta & Wakeyo, 2024).

2.4. Morphological Characterization of Indigenous Chickens

The genetic composition and morphology of today’s chicken populations have been
influenced by the selection process for adaptive traits, preferred by producers and
consumers, and the varied production environments (Lawal and Hanotte, 2021).
Indigenous chickens, primarily raised by rural communities in Africa and Asia, exhibit
significant diversity in body size, plumage color, comb type, and other physical attributes
that hold promise for conservation and genetic enhancement (Habimana et al., 2021;
Maharani et al., 2021; Winaya et al., 2023). These chickens display a range of
morphological features and genetic traits that contribute to their ability to adapt to specific
environments and resist diseases (Mekonnen et al., 2023). Variations in characteristics
such as plumage color and body size can vary significantly across indigenous chicken
populations, reflecting adaptations to local climates, predator threats, and other
environmental conditions (Mekonnen et al., 2023).

The development of strategies for genetic improvement and sustainable conservation of
indigenous animal genetic resources should rely on the evaluation of the phenotypic
characteristics of the populations being studied (Melesse et al., 2021). Evaluation of the
genetic attributes of populations is essential before implementing effective strategies for
enhancing genetic improvement programs (Azimu et al., 2018; Habimana et al., 2020).
However, in areas where molecular-based genetic analysis is not cost-effective,
morphological measurements have been employed to investigate the attributes of
indigenous livestock populations (Melesse et al., 2021). Morphological characterization
involves the assessment of various traits to understand diversity and adaptation, aiding in
the identification and documentation of variations within and between distinct breeds
based on observable attributes (FAO, 2012). Morphological characterization studies of
chickens involve assessing quantitative traits like body weight, body length, chest

circumference, shank length, and wingspan, as well as qualitative traits like plumage
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color, comb type, feather morphology and distribution, ear-lobe color, shank color, and
skin color (FAO, 2012).

2.5. Performances of Indigenous Chickens

2.5.1. Growth performance

Growth refers to the progression in size or weight of farm animals over time until they
reach maturity (Kgwatalala & Segokgo, 2013). Body weight serves as a direct indicator of
growth and significantly impacts the production and reproductive traits of birds (Mulugeta
et al., 2020). Body weight and body weight gain are crucial economically important traits
when evaluating different genotypes. These traits are influenced by a combination of
genetic and environmental factors (Negash et al., 2023). Feed efficiency, as measured by
the feed conversion ratio, is an important factor that can explain variations in growth
performance between genotypes, as it is closely related to body weight and body weight
gain (Prakash et al., 2020). The feed conversion ratio (FCR) in chickens reflects the
efficiency of feed utilization and is determined by the ratio of feed consumption to body
weight gain within a specific timeframe. A lower FCR indicates more efficient feed
utilization, while a higher FCR suggests potential overfeeding (Yi et al., 2018; Bai et al.,
2022; Kpomasse et al., 2023). Indigenous breeds typically exhibit a lower growth rate in
comparison to introduced commercial strains (Wondmeneh, 2015; Alemu et al., 2021;
Tadele et al., 2023). The lower growth rate of local chickens results in reduced yields and
profitability for farmers (Kpomasse et al., 2023). In Ethiopia, scholars (Alewi & Melesse,
2013; Wondmeneh, 2015; Shewangizaw et al., 2021; Aleme, 2022; Chebo et al., 2022;
Tadele et al., 2023), reported a range of body weight values of 924 g-1500 g in local
chickens aged 18-24 weeks. Indigenous chickens exhibited lower feed intake in
comparison to the commercial chicken genotype, which can be attributed to the negative
association between weight gain and feed intake, as well as feed efficiency (Bamidele et
al., 2020; Shewangizaw et al., 2021; Tadele et al., 2023). Studies conducted by Alam et
al. (2021) and Zelleke et al. (2022) reported lower feed conversion ratio (FCR) values in
exotic genotypes compared to indigenous chickens. The selection of a chicken genotype
with a favorable feed conversion ratio (FCR) leads to improved feed utilization, decreased

feed intake, and enhanced growth rate (Aggrey et al., 2010).



2.5.2. Reproductive performance

The success of poultry breeding is influenced by a range of parameters, including age at
sexual maturity, fertility, hatchability, clutch size, and clutch length, which collectively
define and evaluate the reproductive performance of birds (Mersha & Senbeta, 2020).
Among these reproductive traits, sexual maturity holds paramount significance in driving
advancements in poultry breeding (Nwogwugwu et al., 2018). The delayed sexual
maturity of native chickens compared to exotic breeds poses challenges to their
reproductive potential (Mekonnen et al., 2023), impacting their overall breeding success.
In Ethiopia, the reported average age at sexual maturity varies across different regions,
ranging from 19.6 to 26.8 weeks for males and 19.7 to 34.05 weeks for females (Mersha &
Senbeta, 2020). Fertility refers to the percentage of incubated eggs that are fertile, while
hatchability represents the percentage of fertile eggs that successfully hatch (Aleme,
2022). Hatchability plays a crucial role in determining the reproductive output within a
specific timeframe, as it influences the quantity of breeding stock (Ajayi & Agaviezor,
2016). To achieve high production numbers, it is essential to maintain a higher
hatchability rates for breeder stock and ensure the survival of chicks (Ndofor-Foleng et al.,
2015). A Hatchability and a clutch size ranging from 59.6% to 93.2% and 2.7 to 4.3 per
year, respectively were reported for Ethiopian indigenous chickens in small holder
systems (Mersha & Senbeta, 2020). Clutch length, which refers to the duration of a clutch,
has been reported differently for indigenous chickens in various regions, such as 22.54
days (Gebremariam et al., 2017), 26 days (Yemane et al., 2013), and 15 to 28 days (Alem,
2014).

2.5.3. Disease and parasite resistance performance

The susceptibility or resistance of poultry to specific diseases is intricately linked to their
genetic makeup (Chen, 2024). Recent research indicates that genetic selection and
breeding methods can notably enhance poultry's resistance to particular diseases.
Inadequate health management practices resulted in elevated mortality rates and reduced
production performance among the birds (Mujyambere et al., 2022). Commonly used
disease control methods in poultry, like vaccination, antibiotics, and culling, often have
limited effectiveness (Gul et al., 2022). Genetic resistance, achievable through breeding

and genetic modification, offers a promising alternative for enhancing preventive
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measures (Gul et al., 2022). While indigenous chickens are recognized for their favorable
traits, such as disease resistance and adaptability to their environment (Abdelgader et al.,
2007; Yemane et al., 2013), a review by Mersha and Senbeta (2020) revealed higher
mortality rates (25.3% to 61.15%) for Ethiopian indigenous chickens kept under backyard
management conditions. In rural farming systems, substandard feed quality, insufficient
feed quantity, and inadequate farm management practices contributed to increased chicken

mortality rates (Francis et al., 2016; Goraga et al., 2016).

2.6. Improvement of Indigenous Chicken Performances

Assessing the performance of indigenous chickens is crucial before implementing any
improvement programs, yet data on the performances of many ecotypes are limited
(Kpomasse et al., 2023). Enhancing the productivity of local chickens requires careful
attention to nutrition, breeding, and health aspects (Manyelo et al., 2020). Genetic and
breeding programs, along with appropriate nutritional strategies, can contribute to
improving the performance of indigenous chickens. When targeting the improvement of
indigenous chicken breeds, it is recommended to prioritize within-breed selection rather
than crossbreeding with commercial chicken breeds (Padhi, 2016). This approach helps
preserve the unique attributes of indigenous chickens that are valued by producers,
preventing genetic erosion and dilution and contributing to their conservation (Okeno et
al., 2012). Although improvement through selection may be a slow process, it results in
sustainable changes in production while maintaining the distinctive characteristics of
native and indigenous breeds (Padhi, 2016). Genetic selection for feed conversion ratio
presents difficulties due to its strong correlation with feed intake and body weight gain
(Kpomasse et al., 2023). Residual feed intake has been identified as a more suitable
criterion for the genetic improvement of energy efficiency in chicken breeding in
numerous studies (Yuan et al., 2015; Begli et al., 2016). Poor-quality feeds and incorrect
nutrient levels in diets, such as energy and protein, can lead to nutritional stress and health
issues among local chickens (Panda et al., 2012). Supplementation with various plant-
derived biomolecules, such as Enteromorpha prolifera polysaccharide and Aloe vera, has
been shown to improve growth performance and immune status in chickens (Wassie et al.,
2021b; Khan et al., 2022; Wassie et al., 2022a; Wassie et al., 2022b; Zhang et al., 2022).
Implementing proper bio-security measures and vaccination protocols are primary

strategies for disease prevention in poultry flocks (Churchil, 2023).
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2.7. Chicken Disease Resistance and Genetic Improvement

Disease resistance in chickens refers to their ability to prevent infection or control the life
cycle of pathogens when exposed to pathogens (Zanella, 2016). Disease resistance is a
complex trait due to the complex interplay of biological networks, host-pathogen
interactions, and susceptibility to environmental stressors (Cheng et al., 2013). The poultry
industry is facing a constant threat of infectious diseases caused by bacterial, viral, and
protozoal pathogens, leading to reduced growth yield and profitability. Traditional control
strategies, such as vaccination and antibiotics, have limitations of access and cost,
necessitating the exploration of alternative approaches (Pinard-van Der Laan et al., 2009;
Gogoi et al., 2022). The misuse of antibiotics has also resulted in the emergence of
antimicrobial resistance, posing a global challenge. Consequently, poultry producers are
adopting antibiotic-free (ABF) and organic practices, including the use of probiotics and
essential oils, to address this issue. However, still, the impact of ABF and organic
practices on antimicrobial resistance profiles in the poultry gut microbiome is not well
understood (Mak et al., 2022; Panyako et al., 2022). In addition, recently, selective
breeding based on genomic data offers a promising approach to enhance chicken

resistance to infectious diseases (Cheng et al., 2013).

Disease resistance in chickens is a complex trait influenced by multiple genes and immune
components, such as major histocompatibility molecules, immunoglobulins, cytokines, T
and B cells (Gul et al., 2022; Miyumo et al., 2023). These genes encode antibodies,
microRNAs, and other factors that contribute to the host's ability to resist pathogen-
induced damage (Dar et al., 2018). Recent advances in molecular biology have led to the
discovery of numerous disease-resistant genes, providing valuable insights for molecular
breeders (Dar et al., 2018). Genomic selection for disease resistance is a sustainable
strategy, although it presents challenges in collecting sufficient genomic and phenotypic
data from small populations of indigenous chicken ecotypes (Hearn & Cheng, 2023). It is
pointed out that the joint analysis of data from different ecotypes could improve the

accuracy of genomic selection for disease resistance (Hearn & Cheng, 2023).

Genetic factors play a significant role in chicken disease resistance, as the breed's genome
contributes to its unique characteristics and the transmission of desirable traits across

generations (Mak et al., 2022). Understanding the genetics of disease resistance,
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epigenetic mechanisms, and quantitative trait loci enables the identification of resistance
markers and the development of disease-resistant breeds (Banos et al., 2020). According
to Dar et al. (2018), recent advancements in genotyping technology and genomic selection
approaches have brought about significant advancements in animal breeding. Moreover,
the availability of the chicken genome, transcriptome, and proteome has provided valuable
insights into the genetic mechanisms that contribute to susceptibility and resistance to
various diseases. Understanding these mechanisms is crucial for genetic enhancement of
the immune response, which has the potential to improve vaccine efficacy and reduce drug
residues in food. In order to achieve breeding success in chickens with enhanced disease
resistance, marker-assisted selection utilizing indicator traits or genetic markers is
essential (Dar et al., 2018).

2.7.1. Identification of candidate genes

Various methods have been employed to identify disease-resistance genes in chickens,
including deep RNA sequencing, whole genome sequencing, amplicon sequencing,
signature of selection analysis and genome-wide association studies (Bedier et al., 2022;
Gul et al., 2022; Kim et al., 2022; Dar et al., 2023). These methods involve analyzing
genetic variations, such as single nucleotide polymorphisms (SNPs) and other genetic
markers across different chicken breeds to identify genes associated with disease
resistance. RNA sequencing enables the detection of SNPs and INDELS in genes linked to
disease resistance (Smith et al.,, 2020). Whole genome sequencing provides a
comprehensive view of the entire genome, facilitating the identification of genetic
variations associated with disease resistance (Gul et al., 2022). Amplicon sequencing is
utilized to identify genetic polymorphisms in specific genes, such as the shadow of the
prion protein gene (SPRN) (Kim et al., 2022). Genome-wide association studies (GWAS)
involves analyzing genetic variations across multiple chicken breeds to identify genomic
regions associated with disease resistance (Dar et al., 2023). These methods contribute to a
deeper understanding of the genetic foundation of disease resistance in chickens and can

assist in the development of disease-resistant breeds.
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2.7.2. Genetic resistance to chicken diseases

The poultry industry is highly vulnerable to infectious diseases caused by bacterial, viral,
and protozoal pathogens, leading to decreased growth, productivity, and profitability (Gul
et al., 2022). To control infections in poultry, preventive measures such as vaccination,
antibiotic usage, disinfectants, and culling are implemented (Gogoi et al., 2022). However,
existing vaccines often lack comprehensive protection against multiple strains of different
pathogens. Moreover, the mutagenic nature of viruses has resulted in the emergence of
highly virulent strains (Mountford et al., 2022). To address the challenge posed by
emerging pathogens, it is crucial to develop genetically resistant breeds that can prevent
outbreaks, ensure sustained economic viability, and maintain consumer confidence in
poultry products. By raising flocks with genetic modifications that confer disease
resistance, it is possible to obtain a breed capable of withstanding infectious diseases and
pathogens (Gul et al., 2022). The genetic makeup of a bird has been found to significantly
influence its ability to resist diseases (Deist et al., 2017). However, the number of studies
conducted to date, especially those involving genome-wide scans, remains limited due to
the requirement for controlled disease challenges in molecular genetics research (Churchil,
2023). Various researchers have investigated several potential candidate genes associated
with the resistance of chickens to protozoal, viral, and bacterial pathogens. Table 2.1
presents some of these candidate genes identified in previous studies.

i)  Avian coccidiosis

Avian coccidiosis, an important parasitic disease caused by apicomplexan parasites, has a
detrimental effect on the reproductive ability and growth performance of poultry birds
(Mumtaz et al., 2021). This infectious disease is primarily transmitted by Eimeria species,
a type of protozoa with various species. It is a major contributor of reduced efficiency in
chicken production (Chapman, 2014). Economic losses in chickens are attributed to seven
host-specific Eimeria species: E. acervulina, E. maxima, E. tenella, E. brunetti, E.
necatrix, E. praecox, and E. mitis (Blake et al., 2020). Globally, this parasitic disease is
estimated to cause economic losses ranging from 2.4 to 3 billion dollars annually
(Kadykalo et al., 2018; Gordillo Jaramillo et al., 2021;Rizwan et al., 2022; Zhang et al.,
2023).The main approaches for prevention and control the disease include the use of

anticoccidials and vaccinations, although their success rates vary (Khater et al.,
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2020).These approaches, however, raised concerns regarding the emergence of drug-
resistant strains, high vaccine costs, and the presence of drug residues in meat and eggs,
leading to a growing interest in alternative control strategies (Awais et al., 2011). Gul et
al. (2022) reviewed the genetic resilience of chickens against various parasites, including
avian coccidiosis. Kim et al. (2010) found a statistically significant association between
myeloid leukemia factor 2 (MLF2) SNP and fecal oocyst shedding, a major indicator of
coccidiosis resistance. The MLF2 SNP is associated with body weight which further
supports the genetic link between MLF2 and coccidiosis resistance. Another candidate
gene, zyxin (ZYX), located on chromosome 1, has been found associated with increased
resistance to coccidiosis in birds (Hong et al., 2009). Zyxin encodes a protein that plays a
role in focal adhesion complexes, regulating actin filament assembly and promoting
attachment of epithelial cells to the extracellular matrix (Zaidel-Bar et al., 2003). It is
speculated that one of the host responses to Eimeria infection involves up regulation of
genes like zyxin, which mediate focal adhesion, thereby enhancing the formation of the

intestinal epithelial barrier against parasite invasion.

i) Salmonellosis

Salmonella is a significant infectious disease in poultry which leads to substantial
economic losses in terms of mortality and morbidity, particularly in countries with
inadequate vaccination programs (Dar et al., 2023). Salmonella infections pose a threat to
both the poultry industry and public health (Wang et al., 2023). While spontaneous
Salmonella spp. infection may not cause a significant number of chicken deaths, it has a
profound negative impact on poultry production capacity and health. Moreover, as a

Zoonotic disease, it poses a significant risk to public health and safety (Dar et al., 2023).

It is found that the resistance to Salmonellosis varies greatly among different chicken lines
(Calenge et al., 2010). The IL18 (interleukin-18) gene has been identified to have high-
impact SNPs associated with Salmonella disease resistance in chickens (Dar et al., 2023).
Genetic variations in IL18 have been linked to an increased risk of atopy and asthma
(I1zakovicova Holla, 2003; Imboden et al., 2006). Additionally, IL18 polymorphism has
been associated with either an increased or decreased progression of hepatocellular
carcinoma (Bakr et al., 2018). Through the integration of gene function and RNAseq data,
Li et al. (2019) identified FBXW?7 (F-box and WD repeat domain containing 7) gene as a
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candidate gene potentially responsible for resistance to Salmonella pullorum. Intriguingly,
this gene has been reported to participate in the NF-xB signaling pathway (Fukushima et
al., 2012), suggesting the involvement of this pathway in the host's resistance to
Salmonella infection. NF-xB is a major transcription factor which regulates numerous

genes involved in both the innate and adaptive immune response (Zhang et al., 2017).

The natural resistance-associated macrophage protein 1 (NRAMP1) genes influences host
innate immunity against intracellular bacteria by transporting divalent cations in late
endosomes/lysosomes (Liu, 2002). Exploring the association between the NRAMP1 gene
and the chicken's innate immune response to Salmonella enteriditis might contribute to the
understanding and enhancing genetic resistance to Salmonella enteriditis in chickens. The
Ser379 position SNP of the NRAMP1 gene has been associated with spleen bacterial load
following exposure to pathogenic Salmonella enteriditis, as well as antibody production in
response to Salmonella enteriditis vaccination (Liu, 2002). The transforming growth
factor-beta 2 gene (TGF-B2) belongs to the cytokine gene group (Akramullah et al., 2020).
The same author reported that based on molecular and biological testing, tolaki chickens
of all genotypes were found resistant to Salmonella pullorum, and the TGF-B2 gene could
potentially serve as a genetic marker for resistance to Salmonella pullorum bacterial
infection in these chickens. Wang et al. (2023) identified an extracellular fatty acid
binding protein (EXFABP) gene as a potential candidate gene and transcript (co-) factors
for resistance to Salmonella infection. Hu et al. (2022) found that Salmonella Enteriditis
infection in chickens leads to increased transcription of EXFABP, which sequesters
siderophores produced by enteric bacteria and Gram-positive bacilli like Escherichia-
Shigella and Enterococcus, resulting in a decrease in their abundance.

iii) Newcastle disease

Newecastle disease (NCD) is a highly destructive viral disease that affects chickens,
particularly in low- and middle-income countries where backyard production systems are
prevalent (Mpenda et al., 2019). NCD is of a significant concern due to its endemic nature
in tropical regions and the substantial production and economic losses it causes in the
industry (Alders et al., 2018). Although bio-security measures and vaccinations have
proven effective in controlling NCD, their impact can be temporary and heavily influenced

by environmental factors (Zanella, 2016). Conversely, the use of antimicrobial drugs for
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control purposes is beneficial but often leads to concerns about product safety due to
misuse (Lamont, 2010). Marker-assisted selection of chickens resistant to Newcastle
disease virus (NDV) holds promise as a strategy worth exploring (Mpenda et al., 2019).
The NRAMP-1 gene has been associated with defense mechanisms against bacterial and
viral infections, and its genotype has shown an association with immunoglobulin Y (IgY)
concentration and specific antibodies against Newcastle disease (Ardiyana et al., 2020).
According to Ardiyana et al. (2020), the NRAMP-1|Sacl exon 1124 in SenSi-1 Agrinak
chickens exhibited polymorphism, with a higher frequency of the C allele compared to the
T allele in relation to immunoglobulin Y (IgY) concentration and antibody titers against
Newcastle disease. The interferon regulatory factor 1 (IRF1) gene has also been identified
as a candidate gene for Newcastle disease resistance, as it inhibits the replication of
Newcastle disease virus (Liu et al., 2018).

iv) Avian influenza

Chickens serve as natural hosts for various viruses, including the influenza virus, which
can lead to severe illness or mortality in these birds (Alam et al., 2022). The selective
breeding of chickens that are resistant to Avian Influenza Virus would be advantageous for
both the chicken industry and public health. The role of the Mx protein in conferring
resistance to Avian Influenza virus has been extensively studied (Benfield et al., 2008;
Sironi et al., 2008; Susanti et al., 2017; Alam et al., 2022). Multiple single-nucleotide
polymorphism (SNP) variations in the Myxovirus resistance (Mx) gene have been reported
to influence susceptibility to avian influenza, although conflicting findings have also been
reported (Sironi et al., 2008). Alam et al. (2022) identified three genotypes of the Mx
gene, with homozygous genotypes AA being resistant and GG being sensitive to avian
influenza. Fulton et al. (2014) demonstrated that the antiviral activity of the Mx protein is
attributed to structural variations in exon 14 of the Mx gene. Sartika et al. (2011) observed
slightly better age at first egg, egg weight, body weight of hens at first laying, and egg

production in the susceptible genotype (Mx-) compared to the resistant genotype (Mx+).

V)  Marek’s disease

Marek's disease (MD) is a significant global concern in terms of both economics and

animal welfare, causing an estimated annual economic loss of 2 billion USD to the poultry
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industry (Smith et al., 2020). The causative agent, Marek's disease virus (MDV), is an a-
herpes virus that initially infects B-cells, undergoes a latency period, and can subsequently
develop into an oncogenic disease upon infecting T-cells (Nair, 2005). Vaccinated flocks
were found to harbor both vaccine and pathogenic strains of MDYV, leading to the
emergence of increasingly virulent strains (Read et al., 2015). Consequently, the
effectiveness of vaccine treatments is diminishing as more virulent strains arose (Boodhoo
et al., 2016). In addition to vaccination, an alternative approach for controlling Marek's
disease is the selection and breeding of chickens with genetic resistance (Churchil, 2023).
Recent studies utilizing genome-wide chicken genotyping arrays have identified genes like
the SRY-box 1 (SOX1), present in regions of homozygosity, that contribute to
immunology and survival against Marek's disease (Xu et al., 2018). The transferrin gene,
located on chromosome 9, has also been shown to possess antiviral properties against
Marek's disease (Giansanti et al., 2002; Gul et al., 2021). Furthermore, Thy-1 cell surface
antigen (THY1) has been implicated in Marek's disease resistance, as reported by Liu et
al. (2001). Other genes previously associated with Marek's disease resistance include GH1
(growth hormone) and CD79B (B-cell antigen) (Smith et al., 2020).

vi) Infectious bursal disease

Infectious bursal disease (IBD), also known as Gumboro disease, is a highly contagious
acute disease that affects chickens worldwide. It is primarily transmitted by two serotypes,
Serotype 1 and Serotype 2 (Azli et al., 2021). The Infectious Bursal Disease Virus (IBDV)
possesses a bi-segmented, double-stranded RNA genome and its lack of a lipid envelope
contributes to its high resistance to environmental conditions (Guzmén et al., 2022).
Currently, vaccination is the primary method for controlling the disease, but researchers
are also exploring alternative measures, such as breeding for enhanced genetic resistance
(Smith et al., 2015). The involvement of the major histocompatibility complex (MHC) in
resistance to IBDV has been a subject of debate, but it does seem to play a role (Juul-
Madsen et al., 2002). In studies conducted on 61 Brown Leghorn chicken lines, the BLB1
gene (MHC class Il antigen B-F minor heavy chain) and TLR2B gene (toll-like receptor 2,
type 2) were identified as potential candidate genes for infectious bursal disease resistance
(Smith et al., 2015).
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Table 2.1. The candidate genes in chicken disease resistance which are identified by different scholars

Gene ID Gene Gene Name Identified disease Chromosomal  References
symbol Location
418300 ZYX Zyxin Coccidiosis Resistance Chromosome 1 Hong et al. (2009)
418284 MLF2 myeloid leukemia factor 2 Coccidiosis Resistance Chromosome 1 Kim et al., (2010); Hong et al., (2011)
F-box and WD repeat domain Salmonella Resistance
422481 FBXWT7 containing 7 Chromosome 4 Lietal. (2019)
extracellular fatty acid binding Salmonella Resistance
396393 EXFABP protein Chromosome 17  Wang et al. (2023)
395312 IL18 interleukin-18 Salmonella Resistance Chromosome 24  Dar et al. (2023)
Natural Resistance Associated Salmonella Resistance
395811 NRAMPI Macrophage Proteins-1 Chromosome 7 Liu (2002)
421352  TGF-p2 Transforming growth factor-beta 2~ Salmonella Resistance Chromosome 3 Akramullah et al. (2020)
Natural Resistance Associated Newcastle Disease Resistance
395811 NRAMPI Macrophage Proteins-1 Chromosome 7 Ardiyana et al. (2020)
396384 IRF1 interferon regulatory factor 1 Newcastle Disease Resistance Chromosome 13  Liuetal. (2018)
myxovirus (influenza virus) Benfield et al., (2008); Sironi et al., (2008);
395313 Mx1 resistance 1 Avian Influenza Virus Resistance  Chromosome 1 Susanti et al., (2017); Alam et al.,(2022)
396241 TF transferrin Marek’s Disease Resistance Chromosome 9 Giansanti et al., (2002); Gul et al., (2022)
378897 THY1 Thy-1 cell surface antigen Marek’s Disease Resistance Chromosome 24  Liuetal. (2001)
374240 SOX1 SRY-box 1 Marek’s Disease Resistance Chromosome 1 Xu et al. (2018)
378781 GH1 growth hormone-1 Marek’s Disease Resistance Chromosome 27  Smith et al. (2020)
41994 CD79B CD79b molecule Marek’s Disease Resistance Chromosome 27  Smith et al. (2020)
MHC class Il antigen B-F minor Infectious Bursal Disease
693256 BLB1 heavy chain Resistance Chromosome 16  Smith et al. (2015)
Infectious Bursal Disease
769014 TLR2B toll-like receptor 2, type 2 Resistance Chromosome 4 Smith et al. (2015)
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2.7.3. Roles of candidate genes in chicken breeding strategy

Disease resistance in chickens is attributed to the genetics of the animals, the
environmental system where the animals are raised and the interaction between these two.
Understanding the genetic bases of disease resistance and integrating this information in
breeding programs is essential to significantly impact chicken production reducing
reliance on antibiotics and vaccinations (Smith et al., 2020). Advanced technologies such
as whole genome sequencing, RNA sequencing, and high-density SNP genotyping have
revolutionized the identification of disease resistance genes (Smith et al., 2020).
Furthermore, employing techniques like fine chromosomal mapping, QTL mapping, and
genome-wide association studies (GWAS), has enabled researchers to identify candidate
genes and causative mutations associated with economically important traits (Banos et al.,
2020).

Integrating the genetic information of disease resistance into breeding programs facilitate
and enhance disease resistance, growth rates, feeding efficiency, egg traits, and overall
productivity in chickens. Marker-Assisted Selection, Genomic Selection, crossbreeding,
and functional genomics offer promising avenues for developing resilient poultry lines.
Maintaining genetic diversity, understanding epigenetic influences, and balancing health
with productivity traits are essential components of successful breeding programs. As
research in this field progresses, the ability to produce disease-resistant chickens will
continue to advance, contributing to more sustainable and efficient poultry production

systems.
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CHAPTER 3: GENERAL MATERIALS AND METHODS

The dissertation is based on four manuscripts, each of them are mentioned as Chapters

(Chapter 4 - Chapter 7). The general materials and methods are given in this section and

the detailed methodologies are available in the specific manuscripts (Chapters) imbedded

herein.

3.1. Description of the Study Area

The chicken production system and morpho-biometric characterization studies (Chapter 4

and Chapter 5) were conducted in six selected districts (Banja, Jawi, Sinan, Aneded,

Dembecha, and North Achefer) of the Amhara region in Northwest Ethiopia (Figure 3.1).
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Figure 3.1. Map of the study areas for on-farm characterization study
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The on-station studies (Chapter 6 and Chapter 7) were conducted at Zenzelima campus
of Bahir Dar University, located in Northwest Ethiopia (Figure 3.2).
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Figure 3.2. Map of the study areas for on-station study

3.2. Sampling Method and Procedures

Study sites and households were selected based on a discussion with the agricultural
officers at zonal, district, and kebele (the smallest administrative level) levels. A multi-
stage purposive, random, and stratified sampling methods were employed for the selection
of sites, households, and chickens. In the first stage, three zones (Awi zone, East Gojjam
zone, and West Gojjam zone) were selected based on research gaps. In the second stage,
districts and kebeles/peasant associations were stratified based on agro-ecology, and six
districts (two districts from each agro-ecology and three kebeles from each district) were
selected based on their indigenous chicken potential. Finally, based on the FAO (2012)
guidelines for phenotypic characterization and Yamane (1967) sample size determination
formula, a total of 360 households and 1200 adult chickens were selected for the
household interview (Chapter 4), and morpho-biometric characterization studies

(Chapter 5), respectively.
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N
n= > (Yamane, 1967)
1+NXxe

Where

n = the sample size to be determined
N = the size of actual households and animal population
e = margin of error 8% (0.08)

1= Probability of the event occurring

For manuscript 3, a total of 500 chicken eggs (Sinan ecotype=120; Dembecha
ecotype=120; North Achefer ecotype=130; Jawi ecotype=130) were collected from
smallholder farmers for the performance evaluation study (Chapter 6). Of all eggs
collected, 180 unsexed chicks were hatched/obtained and divided into four treatment
groups (Sinan ecotype, Dembecha ecotype, North Achefer ecotype, and Jawi ecotype),
each with ten replications. A completely randomized design (CRD) was used, and each
pen was consisted of with a proportional number of chickens from each ecotype. After
reaching five weeks of age, the feed experiment began with two treatment groups (EP-
supplemented and non-supplemented) and five replications. Half of the chickens from
each ecotype received a basal diet supplemented with 400 mg EP/kg diet, while others
received only the basal diet.

For the parasite challenge study (Chapter 7), a total of 78 adult indigenous male chickens
were used. Prior to allocating the animals into each pen, their body weights were
measured, and they were randomly assigned into two treatment groups of 39 chickens
each, with five replications using a CRD. The body weights in each treatment group were
similar. The first group (control group) was fed a commercial ration, and the second group
(EP group) received a commercial ration supplemented with 400 mg EP/kg diet for 14
days. Feed amounts were adjusted weekly based on chicken developmental stages. After
fourteen days, the EP supplemented, and non-supplemented groups were infected with
1.5x10* oocysts of mixed Eimeria. Chicken body weights were recorded before
inoculation and on the 12" day post-inoculation. Fecal counts were taken on days 5, 7, 9,
11, and 12 post-inoculations. A total of 24 chickens (12 from each treatment groups) were

slaughtered for lesion evaluation.
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3.3. Data Collection

Survey data

A semi-structured questionnaire was administered using 360 households and six focal
group discussions were held to collect data (Chapter 4 and Chapter 5). Body weight, ten
linear body measurements, and twelve morphological features recorded on 1200 adult
chickens (Chapter 5).

On-station research

Effect of EP supplementation on growth performance

For growth performance evaluation test (Chapter 6), initial body weight (body weight at
hatch) measurements were made on each chicken before placement in the experimental
pens. Body weight was taken by two-week intervals and mortality was recorded as it
occurred. The average daily gain (ADG), the average daily feed intake (ADFI), feed

conversion ratio (FCR) was obtained by using different formulas and recorded.

Parasite-challenge using Eimeria

For parasite-challenge study (Chapter 7), the initial body weights, final body weights,
feed offered, feed leftovers, mortality, fecal egg count, and lesion score were recorded to
calculate the average daily gain (ADG), average daily feed intake (ADFI), feed conversion
ratio (FCR), and the anti-coccidial index (ACI).

3.4. Data Management and Analyses

The survey data (Chapter 4) was analyzed using SPSS version 26. Descriptive statistics,
chi-square test, Cramer’s V test (to know the strength of the association between
categorical variables) were utilized. According to Akoglu (2018), a Cramer's V value
greater than 0.25 indicates a very strong association, while a value greater than 0.15
suggests a strong association, a value greater than 0.10 indicates a moderate association, a

value greater than 0.05 implies a weak association, and a value of 0 or very close to 0
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indicates no or very weak association. Indices were calculated using the formula given by
Kosgey (2004); Index = Sum of [3 for rank 1 + 2 for rank 2 + 1 for rank 3] given for an
individual reason divided by the sum of [3 for rank 1 + 2 for rank 2 + 1 for rank 3] for
overall reasons. For the analysis of chicken flock composition, and chicken performance
traits, the Generalized Linear Model (GLM) was used fitting agro-ecology as a fixed
effect.
Yij = ut Aj + &ij; Where, Yijj= the response variables;
p= overall mean;
Ai =effect of the i agro-ecology (highland, midland, and lowland) on the respective
variables;
&ij= residual error term
The coefficient of inbreeding (AF) was calculated with the formula given by Falconer
and Mackey (1996); AF = 1/(2 Ne); Ne = (4Nm x Nf)/(Nm + Nf); Where, AF = the
inbreeding coefficient; Ne = the effective population number; Nm = number of breeding
males; Nf = number of breeding females. The data collected on morpho-biometric
characterization (Chapter 5) were analyzed with SAS version 9.4 and R version 4.1.3
(for graphical presentation) software. The chi-square (x?) test and multiple
correspondence analyses were used for qualitative traits. The general linear model and
different multivariate analyses (discriminant, canonical, and cluster) methods were used
in quantitative morphological traits. "FactoMineR", "factoextra”, and "Cluster"
packages were used for analysis and plot visualization in R-software. The following
model was utilized;
Yijk= 1 + Ai + Lj + Sk + (LS)jk+eijk, Where:
Yij= response of individual phenotypic observation
u = the overall mean,;
Ai = the fixed effect of agro-ecology (i= Highland, Midland, and Lowland);
L; = the fixed effect of location (j= Banja, Sinan, Dembecha, Aneded, Jawi and North
Achefer);
Sk = the fixed effect of sex (k= Male and Female);
LSjk =the interaction effect of location with sex and
eijk = the effect of random error.
The growth performance data (Chapter 6) was analysed by using SAS version 9.4.
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The models used for the statistical analysis were:
Model 1 (before EP experiment started):-Yix= pu + Ei + Sj +€ijk,
Model 2 (after EP experiment started):- Yiju= p + Ei + Sj + Fx+ EFik + €jjki
Where:Yijand Yijk= the response variable (the measurement of BW, ADG, and FCR);
u = the overall mean;
Ei = the fixed effect of ecotype (i= Sinan, North Achefer, Jawi, and Dembecha);
Sj = the fixed effect of sex (j= Male and Female);
F« = the fixed effect of EP supplementation (k= EP* and control groups);
EFik = the interaction effect of ecotype and feed type;
eijk and ejj = the effect of random error.
The mean comparisons were made using Tukey procedures for Chapter 4, Chapter 5,
and Chapter 6.
The data was analysed by using Mann-Whitney U test in R software version 4.1.3
(Chapter 7). The model used for statistical analysis was:
Yij= u + Fi +eij, Where:
Yij= the response variable
n = the overall mean;
Fi = the fixed effect of feed type (i= Enteromorpha polysaccharide supplemented
and non-supplemented);
eij = the effect of random error.

The origin software was used to construct graphs (Chapter 6 and Chapter 7).

26



CHAPTER 4: SELECTION CRITERIA AND HUSBANDRY PRACTICES OF
INDIGENOUS CHICKEN PRODUCERS IN NORTHWEST ETHIOPIA

Bekalu Muluneh®?", Mengistie Taye!?, Tadelle Dessiel#, Dessie Salilew Wondim®*,
Damitie Kebede! Andualem Tenagne®®

1Department of Animal Science, College of Agriculture and Environmental Sciences, Bahir Dar
University, P.O.Box 5501, Bahir Dar, Ethiopia
2Department of Animal and Range Sciences, Wolaita Sodo University, Dawuro Tarcha Campus,
P.0.Box 01, Tarcha, Ethiopia
3Institute of Biotechnology, Bahir Dar University, P.O.Box 79, Bahir Dar, Ethiopia
“International Livestock Research Institute (ILRI), P.O.Box 5689, Addis Ababa, Ethiopia
®Institute of Animal Sciences, Department of Animal Breeding and Husbandry, University of
Bonn, 53115, Bonn, Germany
®Department of Animal Sciences, Assosa University, P.O.Box 18, Assosa, Ethiopia

Contents lists available at ScienceDirect

5% CelPress Heliyon

journal homepage: www.cell.com/heliyon

-
B

Research article

Selection criteria and husbandry practices of indigenous chicken
producers in Northwest Ethiopia

Bekalu Muluneh ", Mengistie Taye “*, Tadelle Des_sie"’d, Dessie Salilew
Wondim *, Damitie Kebede ®, Andualem Tenagne '

* Department of Animal Science, College of Agriculture and Environmental Sciences, Bahir Dar University, P.O.Box 5501, Bahir Dar, Ethiopia
® Department of Animal and Range Sciences, Wolaita Sodo University, Dawuro Tarcha Campus, P.0.Box 01, Tarcha, Ethiopia

¢ Institute of Biotechnology, Bahir Dar University, P.0.Box 79, Bahir Dar, Ethiopia

4 International Livestock Research Institute (ILRI), P.0.Box 5689, Addis Ababa, Ethiopia

* Institute of Animal Sciences, Department of Animal Breeding and Husbandry, University of Bonn, 53115, Bonn, Germany

! Department of Animal Seiences, Assosa University, P.O.Box 18, Assosa, Ethiopia

Abstract

This study was conducted to identify the selection criteria and husbandry practices of
chicken producers in different agro-ecological zones of Northwest Ethiopia as input for
designing a breeding program. The study employed a purposive selection of districts and
peasant associations with high indigenous chicken potential. The study areas were
stratified based on the major agro-ecologies (highland, midland, and lowland). A total of
360 households were included in the study, and data on chicken breeding practices,
selection criteria, and reproductive performance were collected and analyzed using SPSS

software. In all agro-ecologies, egg production was prioritized by chicken owners when
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choosing female chickens. For male chickens, plumage color (index = 0.27), appearance
(index = 0.24), and growth rate (index = 0.23) were the main selection factors. Farmers
kept chickens primarily to generate cash through the sale of eggs and live animals (male
chickens). There was a significant difference (p<0.01) among agro-ecologies in nutritional
management and housing of chickens. Chicken flock composition showed a highly
significant difference (p<0.001) among agro-ecologies, except layers. Most of the farmers
had their own cock born in the flock. Chicken owners found in all agro-ecologies were
practicing culling unwanted chickens. All the reproductive performance traits have shown
a highly significant (p< 0.001) difference among agro-ecologies. A relatively higher
inbreeding coefficient (0.18) was obtained in the highland agro-ecology compared to
midland (0.16) and lowland (0.12). The study highlighted the importance of designing
breeding programs that align with farmers' production objectives and trait preferences

based on specific agro-ecologies for sustainable increases in chicken productivity.

Keywords: Agro-ecology, Breeding objective, Chicken selection, Indigenous chicken,
Trait

4.1. Introduction

Poultry production plays a crucial role in reducing poverty, ensuring food security, and
generating income in developing countries (Bettridge et al., 2018; Zelleke et al., 2022). It
also provides opportunities for socio-economic improvement and inclusivity, benefiting
low- and middle-income households, as well as vulnerable groups such as women, people
with disabilities, orphans, and the unemployed (Manyelo et al., 2020; Kleyn &
Ciacciariello, 2021). Similarly, in Ethiopia, chickens hold significant socioeconomic
importance, contributing to food security, income generation, religious rituals, and
employment opportunities (Gulilat et al., 2021; Tolasa, 2021). Rural Ethiopian families
commonly raise both indigenous and exotic chicken breeds, with an estimated total poultry
population of approximately 57 million, consisting of 78.85% indigenous breeds, 9.14%
exotic breeds, and 12.03% hybrid breeds (CSA, 2021).

Smallholder farmers maintain diverse flocks of indigenous chickens, meeting various
economic, cultural, and religious needs (Dana et al., 2010a; Melesse & Negesse, 2011).

Designing effective animal breeding programs for village chicken production requires a
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comprehensive understanding of farmers' management practices, production environment,
breeding objectives, and trait preferences (Tilahun et al., 2022). It is essential to
incorporate economically significant traits into breeding programs to conserve chicken
breeds, enhance productivity, and establish sustainable breeding strategies (Wong et al.,
2017). Although efforts have been made in Ethiopia to improve poultry productivity
through the introduction of exotic breeds, these initiatives have faced challenges due to the
intensive management requirements of such chickens (Esatu et al., 2022). Therefore,
prioritizing indigenous breeds and considering the specific needs and preferences of
smallholder farmers is a potential intervention strategy to enhance village poultry

production.

The breeding objectives, husbandry practices, and trait preferences of chicken producers
residing in diverse agro-ecological regions can vary due to differences in attitudes and
environmental conditions, including area-specific farming practices. Moreover, variations
in attitudes and market factors can lead to differences in these aspects between chicken
owners living near urban areas and those in rural or remote locations. Several scholars
have conducted studies to identify selection criteria, breeding objectives, and management
practices of farmers who raise indigenous chickens in various parts of Ethiopia. However,
there is a scanty of information available regarding the selection criteria and breeding
objectives of farmers in the northwest region of Ethiopia, particularly in the Awi zone,
West Gojjam zone, and East Gojjam zone, where a significant genetic resource of
approximately 5.8 million indigenous chickens exists (CSA, 2021). Furthermore, the
previous studies have not addressed pocket or remote areas within the districts/zones,
leaving a gap in knowledge. Therefore, the current study was set to identify the selection
criteria and husbandry practices of farmers keeping indigenous chicken ecotypes found in
different agro-ecologies of Northwest Ethiopia. The findings of this study will provide
valuable input for the design of a sustainable breeding program tailored to the specific

needs of farmers in the region.
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4.2. Material and Methods

4.2.1. Description of the study areas

The study was conducted in selected districts (Banja, Jawi, Sinan, Aneded, Dembecha, and

North Achefer) from Amhara National Regional State, Ethiopia (Figure 3.1). The agro-

ecological description, the number of chickens found in the study area and the major feed

resources for the chickens are presented in Table 4.1.

Table 4.1. Agro-ecological description, number of indigenous chickens, and major feed
resources for chickens in Northwest Ethiopia

Agro- Altitude Annual Annual Indigenous  Major feed
District/site  PA/ ecology  (m.as.l) rainfall temperature Chicken resources for
Kebele (mm) (°0) number chickens
Banja 1 Highland 3028 2200- 7-25 36,894 wheat,

2 Highland 2685 2560 maize,

3 Highland 2723 barley, oat,
injera

Jawi 1 Lowland 995 sorghum,

2 Lowland 1171 650-1250 12-40 256,000 finger-millet,

3 Lowland 1365 maize, rice,
Gobe,
groundnut

Sinan 1 Highland 3214 900-1500 0-15 19,652 barley,
2 Highland 3192 maize, wheat
3 Highland 3081

Aneded 1 Midland 2203 maize,

2 Midland 2071 1200- 10-23 48,440 wheat,

3 Midland 2142 1660 injera,
barley,
Engido

Dembecha 1 Midland 1857 wheat,

2 Midland 2287 980-1100 18-27 113,219 maize,

3 Midland 1979 barley,
finger-millet,
teff

North 1 Lowland 1480 finger-millet,
Achefer 2 Lowland 1495 1100- 23-33 248,671 maize,

3 Lowland 1386 1420 sorghum,

injera

PA= Peasant Association; m.a.s.l. = meter above sea level
Source: districts agricultural bureau, 2021

4.2.2. Sampling method

For this study, districts and peasant associations were selected purposively based on the

chicken potential as per the information obtained from zonal agricultural office. The
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districts that are known for high indigenous chicken production and not sufficiently
studied earlier were considered for the study. The districts were stratified based on major
agro-ecologies (highland, midland, and lowland). Secondly, potential peasant associations
(six from each agro-ecology) were selected based on information on the dissemination of
exotic chickens in the past. Peasant associations, particularly found in pocket areas with
no/very low distribution of exotic chickens were considered for the study. Finally, random
sampling was held with the aid of agricultural extension workers among indigenous
chicken owners to select a total of 360 (120 from each agro-ecology) households for

interview based on Yamane (1967) formula for sample size determination.

4.2.3. Data collection

At each sampling site, farmers were briefed about the objective of the study before starting
the data collection. A semi-structured questionnaire was designed and translated in to local
language (Ambharic) to address the major management practices, chicken composition, and
the purpose of keeping chickens. The data was collected by trained enumerators with close
supervision of investigators. The major chicken breeding practices, culling practices, and
trait preferences of farmers, including their criteria to select breeding cocks and hens, were
assessed. In addition, information on the number of breeding animals and the reproductive
and production performance of chickens was collected from the chicken owners using a
semi-structured questionnaire and focal group discussions with extension workers and

model farmers.

4.2.4. Data management and analysis

The data was organized and analyzed using MS Excel and Statistical Package for Social
Sciences (SPSS) version 26. Preliminary data analysis, such as the normality test was
employed before conducting the main data analysis. Descriptive statistics, such as mean,
frequency, and percentage were utilized in analyses of the data. The Pearson Chi-square
test was employed to compare the qualitative variables between different agro-ecologies
and Cramer’s V was used to determine the magnitude of the association between
variables. According to Akoglu (2018), a Cramer's V value greater than 0.25 indicates a

very strong association, while a value greater than 0.15 suggests a strong association, a

31



value greater than 0.10 indicates a moderate association, a value greater than 0.05 implies
a weak association, and a value of 0 or very close to O indicates no or very weak
association. Mean comparisons were made using Tukey test. Indices were calculated to
provide a ranking of the reasons for keeping chickens, farmers' trait preferences, and
selection criteria according to the formula give by Kosgey (2004).

Y[(3 xrank1) + (2 X rank 2) + (1 X rank 3)] individual trait
Y[(3xrank1) + (2 X rank 2) + (1 X rank 3)] overall traits

For the analysis of chicken flock composition, and chicken performance traits, the

Index =

Generalized Linear Model (GLM) was used fitting agro-ecology as a fixed effect.
Yii= u +4; + &;; Where,
Yij= the response variables;
p= overall mean;
A =effect of the i agro-ecology (highland, midland, and lowland);
&ij= residual error term
The coefficient of inbreeding (AF) was calculated from the effective number of breeding
animals. Estimates of the average change in percentage inbreeding were made with the

formula given by Falconer & Mackey (1996).

4NmxNf 1
Ne = ——;

Nm +Nf' ~ ~ 2Ne
Where, AF = the inbreeding coefficient; Ne = the effective population number; Nm =

number of breeding males; Nf = number of breeding females.
4.3. Results and Discussions
4.3.1. Major indigenous chicken management practices

There was a significant difference (p<0.01) observed in the nutritional management of
chickens across different agro-ecologies, as shown in Table 4.2. The majority of
respondents (98.6%) provided supplementary feed for their chickens. Similarly, more than
94% of farmers in various parts of Ethiopia also offered supplementary feed to their
chickens (Bekele et al., 2020). The availability of different grains resulting from mixed
crop and livestock farming systems, along with farmers' desire to enhance productivity,
likely contributes to the trend of supplementing chickens. Regarding housing, a significant

difference (p<0.01) was found among the agro-ecologies, possibly due to variations in
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farmers' perceptions and the availability of local construction materials for chicken
housing. Figure 4.1 illustrates distinct chicken housing structures in highland agro-ecology
(a and b), midland agro-ecology (c and d), lowland agro-ecology (e), and a chicken shelter
located within a family house in lowland agro-ecology (f). In the study area, a significant
proportion of farmers (approximately 53.34%) constructed separate shelters for their
chickens (Table 4.2). This might be due to their good awareness in the importance of
separate house construction for minimizing the risk of transmissible and Zoonotic
diseases. A similar finding was reported by Dana et al. (2010a), where the majority (80%)
of chicken owners in Konso had separate shelters for their chickens. In terms of
vaccination, a higher proportion (71.9%) of the respondents in the study area vaccinates
their chickens, demonstrating a good understanding among farmers regarding the use of
vaccination to prevent diseases. In contrast, a study by Dana et al. (2010a) revealed that
about 95% of respondents raising village chickens in Farta, Mandura, Horro, Konso, and

Sheka did not immunize or vaccinate their chickens.

Table 4.2. The major management practices of indigenous chicken producers in Northwest
Ethiopia

Agro-ecology

Management Practices Highland Midland  Lowland Overall
N=120 N=120 N=120

N % N % N % N %

Nutritional management

Scavenging 0 0.00 0 0.00 5 4.2 5 14
Scavenging with supplement 120 100 120 100 115 958 355 98.6
Complete ration 0 000 O 000 O 000 0 000
1=10.14**; Cramer’s V=0.168
Housing
In the family house 27 225 38 317 42 35 107 29.7
Separate shelter 60 50 67 558 65 542 192 533
Separate house with other animals 33 275 15 125 10 83 58 161
Others/On the tree 0 000 O 000 3 2.5 3 083
)(2=24.93**; Cramer’s VV=0.186
Vaccination
Yes 92 767 79 658 88 733 259 719
No 28 233 41 342 32 267 101 281

)(2=3.66NS; Cramer’s V=0.101

N= Number of households; y?> and Cramer’s V values shows the association of agro-ecology with specific
management practice; NS=Non-significant; **P<0.01
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Figure 4.1. Separate chicken house in highland (a and b), midland (c and d) and lowland
area (e); chicken shelter inside the family house in lowland agro-ecology (f)

4.3.2. Composition of chicken flocks

There was a highly significant difference (p<0.001) observed in the composition of
chicken flocks among agro-ecologies, except for layers, as shown in Table 4.3. In contrast
to the findings of this study, Goraga et al. (2018) reported that the average number of
chicken flocks per household did not differ between lowland and highland agro-ecologies
in different regions of Ethiopia. In highland and midland agro-ecologies, a larger number
of chicks and pullets were found in addition to layers. The higher number of layers
suggests that farmers primarily keep indigenous chickens for egg production. However, in
the lowland agro-ecology, a higher proportion of chicks (34.9%) per household were
recorded compared to layers (23.2%) and pullets (19.7%). Similarly, a higher number of
young chicks, followed by hens, were reported in the Burie district of Northwest Ethiopia
(Moges et al., 2010a) and the Indian Himalayan region (Singh et al., 2023). The higher
proportion of layers and chicks in the study area may be attributed to the farmers' aim of
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producing a larger number of eggs for sale and hatching for stock replacement. The lower
proportion of cocks, particularly in the highland agro-ecology, could be due to selling
cockerels and cocks for income generation and/or utilizing neighboring cocks for breeding
purposes. This lower proportion of cocks and cockerels in the area may lead to increased
inbreeding and the production of more unfertile eggs. The significant difference in chicken
flock composition among different agro-ecologies may be influenced by variations in the

breeding objectives of farmers who keep the chicken flocks.

Table 4.3. Average chicken flock holding per household in different agro-ecologies of
Northwest Ethiopia

Agro-ecology

Chicken Highland (N=120)  Midland (N=120 Lowland (N=120 Overall p-
flock Mean+SD % Mean+SD % Mean+SD % Mean+SD %  value
Layers 4.38+2.0 435 4.8+2.6 41 4.18+2.74  23.2 4.45+2.47 335 NS

Cocks 0.82+0.89> 8.1 1.24+0.93* 10.6 1.44+0.99% 7.99  1.17+0.97 8.8 *x*
Pullets 1.29+2.04° 12.8 2.24+2.09* 19.2 3.55+2.47% 19.7 2.36+2.39 17.8 ***
Cockerel  0.64+1.15° 6.4 1.12+1.71° 95 258+2.46% 143  1.44+2.02 10.9 ***
Chicks 2.94+4.37° 292 2.31+359° 197 6.3+6.68% 349 3.85+5.34 29  F*

N= Number of households; SD=Standard deviation; NS=Non-significant; **°Means across a row with
different superscript letters denote significant differences at P <0.001; Flock: a group of chicken with
different age and sex categories

4.3.3. Purpose of keeping chickens

The table presented, Table 4.4, outlines the ranking of chicken production objectives as
perceived by smallholder farmers. Across all agro-ecologies, the main reasons for keeping
male chickens were income generation (0.36), breeding for replacement stock (0.30), and
meat consumption (0.21). These findings align with the results of Moges et al. (2010a),
who reported that the primary purposes of chicken rearing in the Burie district were
income generation (51%), breeding (45%), and home consumption (44%). In the highland
and midland agro-ecologies, the primary reason for keeping female chickens was egg
production for selling, with index values of 0.41 and 0.39, respectively. Similarly, in
various agro-ecologies of Ethiopia, indigenous chickens were mainly kept for income
generation through the sale of eggs (Bekele et al., 2020). In the lowland agro-ecology, the
main purposes of keeping chickens were egg production for home consumption (0.27) and
selling (0.26), followed by breeding (0.25). These findings consistent with Fekede and
Tadesse (2021), who reported that indigenous chicken rearing in the West Oromia region

of Ethiopia primarily focused on egg consumption and egg selling. The variation in
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chicken functions among different agro-ecologies can be attributed to socio-economic,
socio-cultural, and perception differences among chicken owners. For example, in some
areas studied, there was no tradition of consuming eggs, and even during the fasting
season, eggs intended for hatching purposes were observed to rot instead of being

provided to babies.

Table 4.4. Farmers' purpose of keeping male and female chickens in Northwest Ethiopia

Agro-ecology

Highland (N=120) Midland (N=120) Lowland (N=120) Overall
Purpose Rank Index Rank Index Rank Index Index
lst an 3rd 1st an 3rd 1st 2nd 3rd (N:360)
Male chickens
Income (animal 53 56 8 039 50 55 5 037 3 59 15 0.33 0.36
sale)
Breeding 50 26 23 031 60 15 14 032 39 17 47 0.28 0.30
Meat(home 14 31 37 0.20 6 26 42 016 40 28 23 0.28 0.21
consumption)
Saving 3 6 38 0.08 3 14 21 0.07 2 6 25 0.06 0.07
Manure 0 0 4 0.01 0 1 19 0.03 0 0 6 0.01 0.02

Ceremony 0 1 10 o0.01 1 8 18 0.05 4 10 4 0.05 0.04
Female chickens

Income (Eggsale) 77 24 17 041 72 29 10 039 38 28 16 0.26 0.35

Egg (home 27 52 14 028 21 41 21 024 26 51 17 0.27 0.26
consumption)

Income (animal 4 27 55 017 8 36 30 018 7 18 48 0.14 0.16
sale)

Breeding 10 13 26 0211 14 11 23 012 48 5 29 025 0.16
Meat (home) 0 0 5 0061 5 2 12 004 1 14 5 005 0.03
Saving 2 1 3 002 0 1 14 002 o0 0 5 o001 0.02
Manure 0 3 1 o001 0 O 6 001 0 0 O 0.00 0.01
Ceremony 0 0O 0O 00O O O 4 001 O 4 0 0.02 0.01

N= Number of households or respondents

4.3.4. Selection criteria for breeding cocks and hens

The selection criteria for breeding cocks varied among different agro-ecologies, with the
highland agro-ecology prioritizing growth rate/body weight (0.29), appearance (0.28), and
plumage color (0.24), as indicated in Table 4.5. In the midland agro-ecology, comb type
(0.26), plumage color (0.23), and growth rate (0.21) were considered the most important
traits for selecting breeding cocks. In the lowland agro-ecology, plumage color (0.33),
appearance (0.25), and comb type (0.17) were the major criteria for selection. Consistent
with the current study, farmers in the Amhara (Farta) and Oromia (Horro) regions also
emphasized plumage color as the primary selection criterion (Dana et al., 2010a).

However, farmers in Kenya (Bett et al., 2011) and Rwanda (Mahoro et al., 2018) did not
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prioritize plumage color in their selection of chickens, which contrasts with the findings of
this study. The preference for morphological traits such as plumage color and comb type
over growth and adaptive traits (disease resistance, mothering ability, and scavenging
ability) in the current study area can be attributed to socio-cultural factors, where farmers
place importance on the visual aesthetics of chickens. For instance, red plumage and a
double comb are favored over other traits for male chickens in most surveyed areas, and

these traits can significantly influence the market price of chickens.

In terms of selecting breeding hens, the most important traits were egg number (0.29),
appearance (0.17), and plumage color (0.15), as shown in Table 4.5. This aligns with the
findings of Fekede and Tadesse (2021) in the BakoTibe district of the Western Oromia
region, where respondents utilized egg production as a key criterion for selecting and
retaining hens in the flock. The selection of chickens based on egg production traits
indicates that the primary breeding objective of farmers in the study areas is focused on
egg production. In the highland agro-ecology, the most important traits for selecting
breeding hens were egg number (0.34), appearance (0.20), comb type (0.12), and plumage
color (0.12). In the midland agro-ecology, egg number (0.34), egg fertility (0.13), and
broodiness (0.12) were the primary considerations. Farmers in the midland agro-ecology
preferred hens with low brooding frequency to maximize egg production. In the lowland
agro-ecology, plumage color (0.21), appearance (0.21), and egg number (0.20) were the
most important traits for selecting breeding hens. In contrast to the current study, Tilahun
et al. (2022) reported that farmers in the Gurage zone of Ethiopia prioritized adaptive traits
(disease and scavenging ability) over production traits in all agro-ecologies. Similarly, a
study conducted in Kenya found that egg yield, mothering ability, and body size were the
most preferred traits among chicken farmers (Okeno et al., 2012). Studies conducted in the
Indian Himalayan region (Singh et al., 2023) revealed that most households chose to rear
indigenous chickens due to their adaptability and survivability. This preference suggests
that farmers, especially those in the sub-temperate agro-ecology of the Himalayan region,
prioritize these traits when selecting indigenous chickens, considering the challenging
climatic conditions. Ethiopia's indigenous chicken breeds are known for their mothering
ability, disease resistance, and the taste of their meat and eggs (Terfa et al., 2019). The
lack of emphasis on adaptive traits in the current study area might be due to the presence
of these unique characteristics in the indigenous chickens, which directs farmers' focus

towards other traits. Considering farmers' preferences for specific traits is vital in
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designing sustainable improvement programs (Mbuthia et al., 2015). Failure to incorporate
stakeholders' needs in breeding programs can lead to rejection by end users, as highlighted
by Yakubu et al. (2013).

Table 4.5. Ranking of selection criteria for breeding cocks and hens in Northwest Ethiopia

Agro-ecology

Class and section Highland (N=120) Midland (N=120) Lowland (N=120) Overall
criteria Rank Index Rank Index Rank Index  index
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Breeding cocks
Plumage color 21 34 39 024 33 23 18 023 53 22 31 033 0.27

Appearance 35 31 33 028 13 31 26 018 16 44 45 0.25 0.24
Growth rate 50 24 13 029 27 19 31 021 23 24 16 0.8 0.23
Comb type 14 21 30 016 36 24 31 026 26 26 19 0.21 0.21
Disease 0 8 3 0.03 1 15 7 006 0 4 5 0.02

resistance 0.04
Scavenging 0 1 2 0.01 2 6 6 0.03 0 0 4 0.01

ability 0.02
Longevity 0 2 0 0.01 8 1 3 0.04 2 0 0 0.01 0.02

Breeding hens

Egg number 56 26 22 034 74 5 15 034 22 26 30 0.20 0.29
Appearance 30 17 20 0.20 6 18 13 009 32 19 18 0.21 0.17
Plumage color 11 20 15 0.12 5 24 16 011 32 15 23 021 0.15
Broodiness 1 7 10 004 9 18 22 012 12 28 10 0.14 0.10
Eqgg fertility 9 17 6 009 15 19 11 013 8 14 6 0.08 0.10
Comb type 11 17 18 012 11 9 13 0.09 1 9 20 0.06 0.09
Mothering 0 8 9 0.03 0 15 20 007 13 4 4 0.07

ability 0.06
Disease 1 5 13 0.04 0 9 4 003 O 5 2 0.02

resistance 0.03
Longevity 1 2 5 0.02 0 3 6 002 0 0 6 0.01 0.02
Scavenging 0 1 3 0.01 0 0 0 000 0 O 1 0.001

ability 0.00

N= Number of households or respondents

Figure 4.2 shows the plumage color preferences of chicken owners. Across all agro-
ecologies, the most favored color types were red, white, and Gebisma (wheaten strips on a
black background, grayish with varying mixture, and red brownish with black). However,
in the lowland agro-ecology, Teterima (black spot on white, black with white tips, and
white with black or red spots) were more preferred than white. Likewise, the chicken
owners in Benshangul-Gumuz (Mandura), Oromia (Horro), and Southern Regions (Konso
and Sheka) preferred red plumage color, while farmers in Amhara (Farta) favored white
plumage color, as noted by Dana et al. (2010a). On the other study, farmers in Mezhenger,

Sheka, and Benchi-Maji zones of southwestern Ethiopia predominantly preferred red
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plumage color (Yadessa et al., 2017). However, the same study also reported black as the
second most preferred color for selecting cocks, which contradicts the findings of the
current study. In the present study, black plumage color was not preferred by farmers in
any agro-ecology due to its cultural significance. Farmers generally avoid slaughtering
chickens with black plumage color, especially during holidays, and these chickens tend to
have lower market prices compared to others. In some areas, farmers refrain from
choosing chickens with white plumage color because they are more visible and can be
easily targeted by predators. Furthermore, some chicken owners hold the belief that white
plumage color is attractive and that the "evil eye" of people could affect the growth and
production of the chickens. These factors contribute to the dominance of red plumage

color across all agro-ecologies.
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Figure 4.2. Ranking index value for plumage color preference of farmers keeping
indigenous chicken in different agro-ecologies of northwest Ethiopia. Gebsima = wheaten
strips on a black background; Teterima = black spot on white.
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4.3.5. Breeding and culling practices

A highly significant difference (p<0.001) was observed across different agro-ecologies in
terms of brood modification methods. In the highland and midland agro-ecologies, the
majority of farmers (31.7% and 56.7%, respectively) practiced hanging their broody hen’s
upside-down to modify brooding (Table 4.6). This aligns with the findings of Yadessa et
al. (2017) in Mezhenger, Sheka, and Benchi-Maji zones of southwestern Ethiopia, where
38.2% of chicken owners employed the upside-down hanging method for brood
modification. In contrast, most lowland chicken owners in the current study (43.3%) opted
to change the brooding place as their preferred method. The variation in brood
modification methods among agro-ecologies could be attributed to differences in farmers'
perceptions. Some farmers in the study area consider hanging chickens for brooding
modification as unethical, and there is a decreasing trend in the use of this method over
time. The study revealed that almost all farmers practiced an uncontrolled (natural) mating
system. Out of the households surveyed, 76.9% owned their own breeding cock, and the
majority (70%) of these cocks was obtained from their own flock. While owning a
breeding cock can positively impact the fertility of eggs from hens, utilizing cocks from
their own flock can increase the risk of inbreeding. Similar findings were reported in the
Burie district of Northwest Ethiopia, where 70.7% of chicken owners had their own cocks,
primarily sourced from their own flocks (Moges et al., 2010a).

All chicken owners in the study area practiced culling unwanted chickens from their
flocks, primarily due to old age (36.1%), poor productivity (35.8%), sickness (17.8%), or
lack of broodiness (10.3%). A similar study conducted in different agro-ecologies of
Ethiopia reported that the majority (91%) of farmers practiced culling their chickens due
to old age, sickness, low production, and brooding frequency (Bekele et al., 2020). The
majority of respondents culled male (49.4%) and female (50.8%) chickens when they
reached more than three years of age, as indicated in Table 4.6. This corresponds with the
overall mean culling age of 3.37£1.24 years found in southwestern Ethiopia (Yadessa et
al., 2017). In contrast, larger (4.3 years) and smaller (2.7 years) average culling ages were
reported in Southern Ethiopia (Getiso et al., 2015) and Northwest Ethiopia (Moges et al.,
2010a), respectively. The variation in culling age among different areas reflects the
differing purposes and functions of chickens for farmers. Some farmers may choose to cull

chickens earlier than expected for income generation purposes. The primary purposes for
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culling chickens among chicken owners were selling (65.6%) and home consumption

(31.9%). This aligns with previous studies conducted in the Haramaya district of Eastern

Ethiopia (Abera et al., 2014), where selling and home consumption were identified as the

major reasons for culling.

Table 4.6. Breeding and culling practices of indigenous chicken producing farmers in

Northwest Ethiopia

Agro-ecology

Highland Midland Lowland Overall
Breeding Practices (N=120) (N=120) (N=120)
N % N % N % N %
Brood modification
Hanging upside-down 38 31.7 68 56.7 12 10 118 32.78
Change brooding place (In house) 36 30 27 22.5 52 433 115 31.94
Moving to neighbor houses 35 29.2 22 18.3 46 383 103 28.61
Do nothing 4 3.3 2 1.7 10 8.3 16 4.44
Submerge into water up to the breast 6 5 1 0.8 0 0.00 7 1.94
Other/tie wings separately 1 0.8 0 0.00 0 0.00 1 0.28
1°=74.06***: Cramer’s V=0.321
Own cock
Yes 67 558 103 85.8 107 89.2 277 76.9
No 53 44.2 17 14.2 13 10.8 83 23.1
12=45.597***; Cramer’s V=0.356
Sources of breeding cock
Own (private flock) 42 35 74 61.7 78 65 194 70
Purchased (Market) 25 2038 29 24.2 29 24.2 83 30
72=2.302"S; Cramer’s V=0.091
If no cock, how do you breed your
hens
From neighbor 49 40.8 17 142 13 10.8 79 95.2
I do not need a cock for my hens 4 3.3 0 0.00 0 0.00 4 4.8
72=2.379; Cramer’s V=0.169
Culling criteria
Old age 44 36.7 41 34.2 45 37.5 44 36.1
Poor productivity 46 38.3 40 33.3 43 35.8 43 35.8
Sickness 20 16.7 25 20.8 19 15.8 21 17.8
Lack of broodiness 10 8.3 14 11.7 13 10.8 12 10.3
7?=2.29NS: Cramer’s V=0.891
Culling method
Home consumption 35 29.2 41 34.2 39 32.5 115 31.9
Sale 83  69.2 74 61.7 79 65.8 236 65.6
Sacrifice/cultural purpose 2 1.7 5 4.2 2 1.7 9 2.5
x?=3.004NS; Cramer’s V=0.065
Culling age (male)
>2 years 39 35.5 29 24.2 46 383 114 31.7
>3 years 68 56.7 58 48.3 52 433 178 494
>4 years 12 10 14 11.7 16 13.3 42 11.7
>5 years 1 8 19 15.8 6 5 26 7.2
1°=43.584***; Cramer’s V=0.246
Culling age (female)
>2 years 30 25 29 24.2 46 38.3 105 29.2
>3 years 73  60.8 58 48.3 52 43.3 183 50.8
>4 years 15 125 14 11.7 16 13.3 45 12.5
>5 years 2 1.7 19 15.8 6 5 27 7.5

1?=26.725***: Cramer’s V=0.193
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N=Number of households; y? and Cramer’s V values shows the association of agro-ecology with
specific breeding practice NS=Non-significant;***P<0.001

4.3.6. Reproductive and production performance of indigenous chickens

All the reproductive and production performance traits showed a highly significant
difference (p<0.001) among the agro-ecologies (Table 4.7). The average age at first
mating for hens was 5.07£0.74 months in the highland area, 4.93+0.65 months in the
midland area, and 5.39£1.22 months in the lowland area. These findings are consistent
with Zewdu et al. (2013), who reported an average age of 5.2 months for indigenous
pullets at first mating in Northwest Ethiopia. Other studies also reported ages at first
mating of 6.51 months in Horro district (Aklilu et al., 2013) and 26.15 weeks in BakoTibe
and Dano districts (Fekede and Tadesse, 2021). The estimated average age for male
chickens to reach sexual maturity was 4.81+£0.79 months in the highland area, 4.86+0.78
months in the midland area, and 5.31+1.11 months in the lowland area (Table 4.7). In
comparison, Yadessa et al. (2017) reported an overall mean age of 4.9 months for cocks at
first mating in southwestern Ethiopia. The observed differences in the age of sexual
maturity for hens and cocks among the agro-ecologies could be attributed to genetic and
environmental factors. In this study, the average age for chickens to lay their first egg was
5.61+£0.93 months. This is shorter than the findings of Bekele et al. (2020), who reported
an average of 6.54+0.063 months for pullets to lay their first egg in different agro-

ecologies of Ethiopia.

The highland agro-ecology exhibited a higher number of eggs per hen per clutch
(16.48+3.13) compared to other agro-ecologies, with an overall value of 14.99+3.59 eggs.
This is higher than the reported value of 13.38 eggs per hen per clutch in the Western
Oromia region of Ethiopia (Fekede and Tadesse, 2021). According to the respondents, the
total number of eggs per hen per year was higher in the highland agro-ecology
(83.4+32.29) compared to the midland and lowland areas (82.27+23.37 and 64.36£15.9,
respectively), as shown in Table 4.7. In contrast, Bekele et al. (2020) reported that the
midland agro-ecology had a higher number of eggs compared to other agro-ecologies, with
a total annual egg production of 61.89 eggs. A study conducted by Yadessa et al. (2017)
reported a relatively lower number of eggs per hen per year (54.7) in southwestern

Ethiopia. The improved performance of chickens in the current study compared to
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previous studies could be attributed to better management and breeding practices by

farmers, as well as genetic variations among indigenous chickens.

Table 4.7. The mean reproductive and production performance of indigenous chickens as
estimated by farmers among different agro-ecologies in Northwest Ethiopia

Agro-ecology
Highland Midland Lowland Overall
Parameters N=120 N=120 N=120 N=360 p-value
MeanzSD MeanzSD MeanzSD MeanzSD

AFM (months, female) 5.07+0.74° 4.93+0.65° 5.39+1.22% 5.13+0.93 faleled
AFM( months, male) 4.81+0.79°  4.86+0.78° 5.31+1.11* 4.99+0.93  ***
Age at first egg (months) ~ 5.49+0.73°  5.38+0.69° 5.95+1.128 5.61+0.93  ***
Eggs per hen per clutch 16.48+3.13°  15.38+4.02° 14.1+2.61° 14.99+3.59 faleled
Eggs per hen per year 83.39+32.29% 82.27+23.37%° 64.36+15.9" 76.67+26.2  ***

N=Number of households; AFM = Age at 1%'mating; SD=Standard deviation; 2*Means across a
row with different superscript letters denote significant differences at P <0.001

4.3.7. Effective population size and level of inbreeding

The number of breeding male and female chickens, the effective population size, and the
rate of inbreeding of indigenous chickens in the study area are presented in Table 4.8. The
lowland agro-ecology exhibited a lower inbreeding coefficient (0.12) compared to other
agro-ecologies. In contrast, the highland agro-ecology showed a higher coefficient of
inbreeding (0.18). The higher inbreeding coefficient in the highland agro-ecology could be
attributed to the presence of a smaller number of chickens within households. Increasing
the number of chickens would result in a larger effective population size, as it would
increase the likelihood of having a greater number of breeding animals. This finding
differs from a study conducted in the highland agro-ecology of the Gurage zone, which
reported a smaller inbreeding coefficient (0.06) compared to other agro-ecologies (Tilahun
et al., 2022). However, the present study is consistent with the findings of Bekele et al.
(2020) for the midland agro-ecology, which reported a 12.8% inbreeding coefficient.
Nevertheless, the inbreeding coefficients in the highland (7%) and lowland (11.3%) agro-
ecologies were lower than those found in the current study. Another study by Dana et al.
(2010a) reported inbreeding coefficients of 0.096, 0.10, 0.12, 0.144, and 0.157 for Konso,
Horro, Mandura, Farta, and Sheka chickens, respectively. The significant variation in
inbreeding coefficient values among agro-ecologies and different studies may be attributed
to variations in estimation methods and breeding practices employed by farmers. Factors
such as the absence of a breeding male within the flock, uncontrolled mating, limited
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awareness about inbreeding, and small flock sizes can contribute to the accumulation of
inbreeding and a decrease in genetic diversity (Falconer & Mackey, 1996). The inbreeding
coefficient values obtained in the current study exceeded the maximum acceptable level of
0.063 (Armstrong, 2006). Therefore, increasing the effective population size would be

essential to mitigate the risk of inbreeding.

Table 4.8. Effective population size and level of inbreeding in indigenous chickens found
in different agro-ecologies of Northwest Ethiopia

Agro-ecology Nm Nf Ne AF
Highland 0.82 4.38 2.76 0.18
Midland 1.24 4.8 3.94 0.13
Lowland 1.44 4.18 4.28 0.12

Nm=Number of males; Nf= Number of females; Ne= Effective population size; AF= Inbreeding rate

4.3.8. Major constraints of chicken production

According to the chicken owners in the study area, disease and predators were the main
problems as compared to the other constraints with an index value of 0.37 and 0.23,
respectively (Table 4.9). In the study area, farmers also mentioned the absence of chickens
with good genetic makeup as another important constraint in their chicken production with
an overall index value of 0.17. In line with the current study, Yadessa et al. (2017)
reported that disease was the major problem of chicken owners in Mezhenger, Sheka and
Benchi-Maji zones of south western Ethiopia. Correspondingly, Moges et al. (2010)
reported disease, predators and poor productivity of chickens as the major constraints of
chicken production in Burie district. Halima et al. (2007a) also reported that predators
were one of the major challenges for chicken owners in Northwest Ethiopia. Poor
extension services and low awareness of farmers could be the major cause of the disease
challenge in the study areas. For instance, unless a sufficient number of farmers are
obtained to vaccinate chickens, the drugs couldn’t be opened and due to this reason, most
of the time farmers miss vaccinating their chickens. The commonly reported chicken
diseases in the study areas include Newcastle disease (Fungil), Coccidiosis, Fowl Pox,
Gumbro, and Fowl Cholera. In addition to modern medicines, most farmers were
providing traditional medicines, such as Semiza, Enkoko, Neem leaf, Mitmita, Garlic,
Endod, Gesho, Tenadam, Feto, Areki (local brewery), Lemon water and Korch to cure

chickens from disease.

44



Table 4.9. Major constraints to chicken production in Northwest Ethiopia

Agro-ecology

Highland (N=120) Midland (N=120) Lowland (N=120)

Constraints Rank Index Rank Index Rank Index Overall

I oW g I oW ga FFLEE index
Disease 74 22 9 0.38 32 55 8 030 92 13 3 0.42 0.37
Predator 23 48 14 0.25 32 23 19 022 12 47 30 0.22 0.23
Genotype 18 17 49 0.19 19 11 38 016 4 34 28 0.15 0.17
Feed shortage 5 24 17 011 30 11 8 017 4 6 14  0.05 0.11
Water shortage 0o 2 14 0.03 6 10 7 006 7 2 6 0.04 0.04
Market problem 0 6 12 0.03 0 9 33 007 1 13 11 0.06 0.05
Labor 0 1 5 0.01 1 1 7 002 0 5 28 0.06 0.03

N= Number of households or respondents

4.4. Conclusions and Recommendations

In conclusion, this study emphasizes that farmers prioritize egg production and growth rate
when selecting chickens for income generation. Agro-ecology has a slight influence on
trait preferences, management practices, and breeding objectives among households
raising indigenous chickens. To achieve sustainable improvements in indigenous chicken
productivity, it is crucial to consider farmers' production objectives and trait preferences
within their specific production environment and agro-ecology.
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Abstract

Morphological characterization of Animal Genetic Resources is the first step to
documenting diversity and designing breed specific breeding programs. The current study
characterized the morpho-biometric variation of indigenous chicken ecotypes prevailing in
northwestern Ethiopia. A multi-stage purposive, stratified, and random sampling method
was employed to select the study areas and chickens. A total of 1200 adult chickens were
sampled and characterized for 12 qualitative and 11 quantitative traits. Univariate and
multivariate data analysis methods were employed to analyze the data using SAS and R
statistical software. Red plumage colour (33.2%), white and red earlobe colour (73.8%)

and yellow shank colour (57.0%) were the most predominant colour trait categories. Sex,
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agro-ecology, location, and the interaction of sex and location had a highly significant
(p<0.001) effect on all body measurements. Shank traits were found to have the highest
discriminating power in both sexes. The overall classification rates for the female and
male sample populations were 57.47% and 69.97%, respectively. The squared
Mahalanobis distances between sites were significant (p<0.001) for both sexes. The
longest distance was obtained between North Achefer and Banja (19.25) and between
North Achefer and Dembecha (16.80) in female and male chickens, respectively. In
female chickens, canonical variates 1 (CAN 1) and 2 (CAN 2) explained 82% of the total
variation and distinctly separated the sample populations of North Achefer and Jawi from
others. In male chickens, 90% of the total variance is explained by CAN1, CAN2, and
CANS3, which distinctly separate the sample populations of the North Achefer, Sinan, and
Jawi, among others. Using cluster analysis, the indigenous chickens found in the study
area could be classified into four ecotypes: ecotype 1 (Banja, Dembecha, and Aneded),

ecotype 2 (North Achefer), ecotype 3 (Sinan), and ecotype 4 (Jawi).

Keywords: Characterization, Chicken, Indigenous, Squared Mahalanobis, Morpho-

biometric

5.1. Introduction

Indigenous chicken production is a common practice in rural, resource-poor households in
developing countries like Ethiopia. The majority of families at the village level, including
the landless and the poorest, are owners of poultry (Wong et al., 2017). The total poultry
population in Ethiopia is estimated to be about 57 million, most of which are laying hens
(34.26 %) followed by chicks (32.86 %). With regard to breed, 78.85%, 9.14%, and
12.03% of the total poultry were reported to be indigenous, exotic, and hybrid,
respectively (CSA, 2021). Although indigenous chicken breeds are claimed to be slow
growers and poor producers of small eggs, they are characterized by better egg and meat
flavour, top brooding and natural incubation capacity, and high dressing percentages
(Wong et al., 2017). Characterization and identification of the chicken genetic resources
require information on the population, adaptation to a specific environment, possession of
traits of future value, and their socio-cultural importance (Weigend & Romanov, 2001).
Dorji and Sunar (2014) stated that phenotypic approaches are fundamental in chicken

breed management because they are fast, easy, and cost-effective. Indigenous chickens

47



have various unique morphological features and possess genes that have adaptive values
for their environment and local diseases (Aklilu et al., 2013). Local chicken populations
are often described and grouped based on their location or phenotypic features, while their
classification into breeds is inadequate (Manyelo et al., 2020). In the literature, the terms
"ecotype” and "breed" are used interchangeably. "Ecotype” is described in evolutionary
ecology as a population that is genetically adapted to specific environmental conditions
(\Vallejo-Trujillo et al., 2022). On the other hand, "ecotype is described as "a non-static
adaptive variation over many traits across the natural landscape with no discernible
boundaries” (Lowry, 2012). The terms ‘indigenous', 'native’, 'local’ or 'traditional’ are also
used interchangeably. For instance, Dessie et al. (2003) used “local chicken ecotypes”
while Halima et al. (2007b) called them “native chicken populations”. The indigenous
chickens of Ethiopia are named after the location where they are prevalent including Jarso,
Chefe, Tilili, Tepi and Horro (Dessie et al., 2003); Guangua, Tilili, Debre-Elias, Melo-
Hamusit, Gelila, Gassay and Mecha (Halima et al., 2007b); Mandura, Horro, Farta, Konso
and sheka (Dana et al., 2010b); Gasgie, and Gugut (Getu et al., 2014). Based on their
plumage colour type, scholars named local chickens as Gebsima, Red, White, Black, Grey,
Kokima, Key Teterima, Lebework, Tikur Gebsat, Brown, and Netch teterima (Bekele et
al., 2021). In Ethiopia, several scholars (Melesse & Negesse, 2011; Getu et al., 2014,
Negassa et al., 2014; Getachew et al., 2017; Melesse et al., 2021; Bekele et al., 2021)
conducted phenotypic characterization of indigenous chickens. However, there is still a
dearth of information in the Northwestern parts of Ethiopia, where the presence of huge
genetic resources is anticipated. Therefore, this study was aimed at characterizing the
morpho-biometric variation of indigenous chicken ecotypes found in Northwest Ethiopia

as an input for designing breeding and conservation programs.

5.2. Material and Methods

5.2.1. Description of the study areas

This study was conducted in three zones (Awi zone, West Gojjam zone, and East Gojjam
zone) of the Amhara National Regional State, Ethiopia. Banja and Jawi districts from the

Awi administrative zone, Sinan and Aneded from the East Gojjam zone, and Dembecha

and North Achefer from the West Gojjam zone were considered for the study (Figure 3.1).
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The agro-ecological description, the number of chickens found in the study area and the

major feed resources for the chickens are presented in Table 4.1.

5.2.2. Sampling and data collection

A multi-stage purposive, random, and stratified sampling method was employed for the
selection of zones, districts, households, and chickens for the study. In the first stage, three
zones (Awi zone, East Gojjam zone, and West Gojjam zone) were purposefully selected
based on research gaps (not sufficiently addressed) and chicken potential. In the second
stage, districts and kebeles/peasant associations were stratified based on agro-ecology, and
six districts (two districts from each agro-ecology and three kebeles from each district)
were selected considering their chicken population numbers. Banja and Sinan from
highland agro-ecology, Dembecha and Aneded from midland agro-ecology, and Jawi and
North Achefer from lowland agro-ecology were considered. At the third stage, households
that have only indigenous chickens were purposefully selected to avoid biases during the
measurement of chickens. Last, chickens (200 chickens from each district) were randomly
sampled based on the FAO guidelines for phenotypic characterization (FAO, 2012).
Accordingly, a total of 1200 adult chickens older than seven months (877 females and 323
males) were sampled. While sampling chickens from each household, the distance
between households was considered to minimize the error, which might come due to the

genetic relatedness between chickens. Each chicken was identified by its sex and location.

Chicken were characterized for ten linear body measurements: wing span (WS), shank
length (SL), body length (BL), beak length (BKL), neck length (NL), comb length (CL),
shank circumference (SC), chest circumference (CC), thigh circumference (TC), and comb
height (CH) using a textile measuring tape (Figure 5.1) and body weight was measured
using a suspended spring. Visual observation was made, and 12 morphological features
(plumage colour pattern, plumage colour type, shank colour, earlobe colour, skin colour,
earlobe presence, wattle presence, shank feather presence, comb type, head shape, feather
morphology, and feather distribution) were also recorded based on the FAO breed
morphological characteristics descriptor list (FAO, 2012).
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Figure 5.1. Location of linear body measurements (measurement points)

5.2.3. Statistical analysis

All data were coded and recorded in a Microsoft Excel sheet and saved as a “csv” file.
Statistical analyses were made via SAS (SAS, 2012). R-software (Team, 2021) was used for
graphical presentation/data visualization. Homogeneity tests, normality tests, and

screening of outliers were employed before conducting the main data analysis work.

Qualitative morphological traits analysis

Univariate Analysis: Qualitative morphological traits were subjected to the frequency
procedure of the chi-square () test to assess the statistical significance among qualitative
variables.
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Multivariate Analysis: The associations among qualitative morphological traits were
assessed via a multiple correspondence analysis. "FactoMineR" and "factoextra™ packages

were used for analysis and plot visualization.

Quantitative morphological traits analysis

Univariate Analysis: quantitative morphological traits were analyzed using the general
linear model procedure to determine the effects of agro-ecology, location, sex, and
location with sex interaction. Agro-ecology, location, and sex of the indigenous chickens
were fitted as fixed independent variables. The effects of class variables and their
interaction were expressed as least square means (LSM) + SE. Mean comparisons were
made using Tukey’s test method at P<0.05. The following model was utilized to show the
effect of agro-ecology, location, and sex on different linear body measurements and body
weight of indigenous chickens.

Yijk= 1 + Ai + Lj + Sk + (LS)jk+eijk, Where:

Yij= individual phenotypic observation;

n = the overall mean;

A, = the fixed effect of agro-ecology (i= Highland, Midland, and Lowland);

L; = the fixed effect of location/site (j= Banja, Sinan, Dembecha, Aneded, Jawi and
North Achefer);

Sk = the fixed effect of sex (k= Male and Female);

LSjk =the interaction effect of location with sex and

eijk = the effect of random error.
Multivariate analysis: The stepwise discriminant analysis procedure was run to rank the
quantitative morphological traits by their discriminating power. Selected significant traits
from stepwise discriminant analysis were then subjected to canonical discriminant
analysis. The quantitative variables from male and female chickens were separately
subjected to discriminate analysis to ascertain the existence of population-level phenotypic
differences among them. Non-parametric discriminant analysis was also done for male and
female chickens together to classify them based on qualitative traits. The degree of
morphological similarity between the chickens was determined using Euclidean and
Ward’s option of R in hierarchical clustering and hierarchical clustering on principal
components analysis (HCPC). “Cluster”, “factoextra” and “FactoMineR” packages were

utilized in the clustering procedures. The hierarchical clustering on principal components
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analysis was done by using the quantitative traits, which have high discriminating power in the
classification of chickens. In clustering of female chickens, wing span, shank length, beak
length, neck length, shank circumference, and chest circumference were considered. In
male chickens, wing span, shank length, shank circumference, comb length, body weight,

and chest circumference were included.

5.3. Results

5.3.1. Qualitative morphological traits

The frequency and percent of qualitative traits observed in male and female chickens are
presented in Table 5.1. The most frequently observed plumage colour pattern in the study
area was plain (55.3%), followed by patchy (34.8%). Red and Gebisma (white strips on
black background, grayish with varying mixtures, mixtures of white and black with
varying shades of multicolours and red brownish with black) were the most frequently
observed plumage colour types in almost all study areas, with the overall values of 33.2%
and 30.1%, respectively. The dominant shank colours found in the study areas were
yellow (57%) and white (32.9%). Some of the indigenous chickens, around 1%, had
uncommon shank colour, such as blue and green. About 70.8% of indigenous chickens
have earlobes, and white with red earlobe colour (73.8%) was mostly observed in the

study area, followed by red earlobe colour (18.4%).

Almost all (99.6%) of the sample chickens had wattles, and only 1.9% of them possessed
shank feathers (Figure 5.2). White skin colour was predominant (88.4%) in the sample
chicken population. Uncommon skin colour types of black and blue-black (1.8%) were
also observed. Among female and male sample chickens, the majority (37.8%) possessed
the rose comb type, followed by single and pea comb types with 29.8% and 17.9%,
respectively. The plain head shape was most frequently observed, accounting for 51.9% of
the sampled population, whereas 47.2% of chickens had a crest head shape. The majority
(86.3%) of chickens had normal feather morphology. However, there were still very few
chickens (0.5%) with frizzle feather morphology. All chickens had normal feather
distribution except in lowland areas (Jawi and North Achefer), which possessed a small

number of naked neck chickens (Figure 5.2).
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Figure 5.2. Indigenous chickens with different plumage colour in Aneded (a) and
Dembecha (b), naked-neck chicken in Jawi (c), and white chicken with a shank feather in
Banja (d)
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Table 5.1. Qualitative morphological traits characteristics of indigenous chicken ecotypes in Northwest Ethiopia

Locations/sites

Morphological Banja Sinan Dembecha Aneded Jawi North Achefer Overall
character M F M F M F M F M F M F
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Plumage colour pattern
Plain 39(78) 99(59.6) 50(79.4)  79(49.7) 25(58.1) 82(62.6) 44(80.0) 72(47.1) 45(75.0)  57(39.0) 40(76.9) 31(25.4) 663(55.3)
Patchy 8(16) 50(30.1) 11(17.5) 68(42.8) 14(32.6) 29(22.1) 5(9.1) 68(44.4) 10(16.7)  57(39.0) 12(23.1) 86(70.5) 418(34.8)
Spotted 3(6) 17(10.2) 2(3.2) 12(7.5) 4(9.3) 20(15.3) 6(10.9) 13(8.5) 5(8.3) 32(21.9) 0(0.0) 5(4.1) 119(9.9)
KP=T2.694*** ; Cramer’s V=0.174
Plumage colour type
Plain white 9(18.0)  36(21.7) 0(0.0) 8(5.0) 0(0.0) 24(18.3) 10(18.2)  30(19.6) 0(0.0) 5(3.4) 0(0.0) 5(4.1) 127(10.6)
Plain black 8(16.0) 22(13.3) 4(6.3) 19(11.9) 0(0.0) 0(0.0) 5(9.1) 10(6.5) 0(0.0) 20(13.7) 0(0.0) 0(0.0) 88(7.3)
Plain red 22(44.0 41(24.7) 33(52.4) 43(27.0) 25(58.1)  38(29.0) 25(45.5) 21(13.7) 45(75.0) 27(18.5) 46(88.5) 32(26.2) 398(33.2)
Gebisma 8(16.0)  50(30.1) 11(17.5) 75(47.2) 10(23.3) 29(22.1) 5(9.1) 67(43.8) 5(8.3) 42(28.8) 6(11.5) 53(43.4) 361(30.1)
Multi-colour 0(0.0) 11(6.6) 0(0.0) 0(0.0) 4(9.3) 14(10.7) 5(9.1) 6(3.9) 0(0.0) 15(10.3) 0(0.0) 22(18.0) 77(6.4)
Teterima 3(6.0) 6(3.6) 6(9.5) 7(4.4) 0(0.0) 6(4.6) 0(0.0) 6(3.9) 10(16.7)  37(25.3) 0(0.0) 10(8.2) 91(7.6)
Wosera 0(0.0) 0(0.0) 5(7.9) 7(4.4) 4(9.3) 20(15.3) 5(9.1) 13(8.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 54(4.5)
Sora 0(0.0) 0(0.0) 4(6.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 4(0.3)
x?=339.85*** ; Cramer’s V=0.238
Shank colour
Yellow 50(100)  98(59.0) 51(81.0)  65(40.9) 29(67.4) 32(24.4) 55(100)  115(75.2) 45(75.0) 43(29.5) 46(88.5)  55(45.1) 684(57.0)
Black 0(0.0) 26(15.7) 5(7.9) 21(13.2) 0(0.0) 0(0.0) 0(0.0) 15(9.8) 0(0.0) 31(21.2) 0(0.0) 11(9.0) 109(9.1)
White 0(0.0) 42(25.3) 7(11.1) 73(45.9) 14(32.6)  99(75.6) 0(0.0) 23(15) 15(25) 72(49.3) 0(0.0) 50(41.0) 395(32.9)
Others 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 6(11.5) 6(4.9) 12(1.0)
¥?=254.32*** ; Cramer’s V=0.266
Earlobe colour
White 0(0.0) 0(0.0) 0(0.0) 6(7.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 16(20.5) 0(0.0) 44(45.8) 66(7.8)
Red 24(59.0) 0(0.0) 24(45.0) 0(0.0) 12(28.0) 0(0.0) 24(43.6) 8(7.0) 10(18.1) 0(0.0) 47(90.4) 7(7.2) 156(18.4)
White and red 17(41.0) 89(100) 29(55.0)  80(93.0) 31(72.0)  86(100) 31(56.4) 107(93.0) 45(81.9) 62(79.5) 5(9.6) 45(47.0) 627(73.8)
7?=295.24*** ; Cramer’s V=0.286
Skin colour
White 36(72.0) 138(83.1) 35(55.6) 154(96.9) 14(32.6) 131(100) 35(63.6) 145(94.8) 60(100)  146(100) 52(100)  115(94.3) 1061(88.4)
Yellow 11(22.0) 17(10.2) 28(44.4) 5(3.1) 29(67.4) 0(0.0) 20(36.4) 8(5.2) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 118(9.8)
Others 3(6.0) 11(6.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 7(5.7) 21(1.8)
x?=109.85*** ; Cramer’s V=0.214
Earlobe
Present 41(82.0) 89(53.6) 53(84.1) 86(54.1) 43(100)  86(65.6) 55(100)  115(75.2) 55(91.7) 78(53.4) 52(100)  96(78.7) 849(70.8)
Absent 9(18.0)  77(46.4) 10(15.9) 73(45.9) 0(0.0) 45(34.4) 0(0.0) 38(24.8) 5(8.3) 68(46.6) 0(0.0) 26(21.3) 351(29.3)

1?=52.86*** ; Cramer’s V=0.21
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Locations/sites

Morphological Banja Sinan Dembecha Aneded Jawi North Achefer Overall
character M F M F M F M F M F M F
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Wattle
Present 50(100)  166(100)  63(100)  159(100)  43(100)  131(100)  55(100)  153(100) 55(91.7) 146(100)  52(100)  122(100)  1195(99.6)
Absent 0(0.0)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 5(8.3) 0(0.0) 0(0.0) 0(0.0) 5(0.4)
12=24.23*** ; Cramer’s V=0.142
Shank feather
Present 0(0.0) 3(1.8) 0(0.0) 0(0.0) 7(16.3) 10(7.6) 2(3.6) 0(0.0) 0(0.0) 1(0.7) 0(0.0) 0(0.0) 23(1.9)
Absent 50(100) 163(98.2) 63(100)  159(100) 36(83.7) 121(92.4) 53(96.4) 153(100) 60(100)  145(99.3) 52(100)  122(100)  1177(98.1)
x?=68.39%** ; Cramer’s V=0.239
Comb type
Rose 38(76.0) 55(33.1) 33(52.4) 61(38.4) 29(67.4) 59(45.0) 25(45.5) 51(33.3) 25(41.7)  49(33.6) 13(25.0) 16(13.1) 454(37.8)
Pea 0(0.0) 45(27.1) 3(4.8) 14(8.8) 0(0.0) 26(19.8) 0(0.0) 39(25.5) 5(8.3) 56(38.4) 0(0.0) 27(22.1) 215(17.9)
Single 12(24.0) 51(30.7)  21(33.3) 47(29.6)  4(9.3) 39(29.8)  25(455) 44(28.8)  15(25.0) 25(17.1)  23(44.2) 52(42.6)  358(29.8)
Others 0(0.00)  15(9.0) 6(9.5) 37(23.3) 10(23.3) 7(5.3) 5(9.1) 19(12.4) 15(25.0) 16(11.0) 16(30.8) 27(22.1) 173(14.4)
7?=111.35*** ; Cramer’s V=0.176
Head shape
Plain(Ebab-eras) 34(68.0) 99(59.6)  25(39.7) 80(50.3)  33(76.7) 66(50.4)  50(90.9) 55(35.9)  45(75)  61(41.8)  22(42.3) 53(43.4)  623(51.9)
Crest(Guteya) 16(32.0) 67(40.4) 38(60.3)  79(49.7) 10(23.3)  65(49.6) 5(9.1) 98(64.1) 15(25) 85(58.2) 24(46.2) 64(52.5) 566(47.2)
Others 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 6(11.5) 5(4.1) 11(0.9)
x2=79.49%** ; Cramer’s V=0.182
Feather morphology
Normal 39(78.0) 166(100) 39(61.9) 148(93.1) 10(23.3) 127(97.0) 11(20.0) 153(100) 55(91.7) 146(100)  38(73.1) 104(85.2) 1036(86.3)
Frizzle 0(0.0)  0(0.0) 0(0.0) 6(3.8) 0(0.0) 0(0.00) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 6(0.5)
Silky 11(22.0)  0(0.0) 24(38.1)  0(0.0) 33(76.7)  4(3.0) 44(80.0)  0(0.0) 5(8.3) 0(0.0) 14(26.9) 18(14.8)  158(13.2)
x?=85.46*** ; Cramer’s V=0.189
Feather distribution
Normal 50(100) 166(100)  63(100)  159(100)  43(100)  131(100)  55(100)  153(100)  55(91.7) 141(96.6) 47(90.4) 112(91.8) 1175(97.9)
Naked neck 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 5(8.3) 5(3.4) 5(9.6) 10(8.2) 25(2.1)

)(2=61.65*** : Cramer’s V=0.227

N= Number of chickens; M= Male; F= Female; *p<0.05; **p<0.01; ***p<0.001
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Multiple correspondence analyses were executed on twelve qualitative traits, and a bi-
dimensional plot representing the associations among the various categories of qualitative
traits is presented in Figure 5.3. About 14.8% of the total variation was explained by the
first two dimensions, 8.1% by the first and 6.7% by the second. The indigenous chickens
in North Achefer were clustered together with multicolour plumage colour types and head
shapes other than plain and crest. Some of these chickens were also clustered by shank
colour, such as blue and green, and by naked neck feather distribution. Indigenous
chickens in Jawi were closely associated with pea comb type; some of the chickens had no
earlobe and teterima (black spot on white, black with white tips, and white with black or
red spots) plumage colour type. In the Dembecha site, the chickens were closely
associated with white with red plumage colour type, silky feather morphology, and yellow
skin colour. Yellow skin colour and silky feather morphology were also closely associated
with the chickens found at the Aneded site. Indigenous chickens in Sinan were clustered
together with normal feather distribution and an absence of shank feathers. In Banja, the

indigenous chickens were closely associated with black plumage.
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Figure 5.3. Bi-dimensional plot showing the associations among the categories of the
different morphological variables. Plumage colour pattern: PCP1=plain, PCP2=patchy,
PCP3=spotted; Plumage colour type: PCT1=completely white, PCT2=completely black,
PCT3=completely red, PCT4=Gebisma, PCT5=multicolour, PCT6=teterima, PCT7=white
with red, PCT8=sora; Shank colour: SCl=yellow, SC2=black, SC3=white, SC4=others
(blue, green...); Earlobe colour: EC1=White, EC2=red, EC4=white and red; Skin colour:
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SKC1=white, SKC2=yellow, SKC3=others; Comb type: CTl=rose, CT2=pea,
CT3=single, CT4=others; Head shape: HS1=plain, HS2=crest, HS3=others; Earlobe:
El=present, E2=absent; Wattle: WT1=present, WT2=absent; Shank feather: SF1=present,
SF2=absent; Feather morphology: FM1=normal, FM2=frizzle, FM3=silky; Feather
distribution: FD1=normal, FD2=naked neck

5.3.2. Body weight and linear body measurements

The least squares means and standard errors for the effects of agro-ecology, sex, and
location on body weight and other body measurements are presented in Table 5.2. In all
study areas, sex had a significant (p<0.001) effect on body weight and all linear body
measurements. Male chickens had consistently higher values than females. All body
measurements were significantly affected by agro-ecology and location. However, the
significant variation was also observed among chickens found in similar agro-ecologies.
Indigenous chickens found in the lowland areas (Jawi and North Achefer) showed higher
values than others for the majority of body measurements. The North Achefer chickens
had significantly (p<0.001) higher average shank length, chest circumference, thigh
circumference, comb height, and body weight than others. Chickens from Jawi had a
higher value in body length, beak length, and shank circumference than others. The
interaction of sex group and location was significant (p<0.001) for body weight and all
other body measurements (Table 5.2). Indigenous female chickens from Banja had
significantly (p<0.001) higher measurements in most of the variables. Whereas, the North
Achefer male chickens showed significantly (p<0.001) higher values in wing span, shank
length, neck length, chest circumference, thigh circumference, body weight, and comb
height.
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Table 5.2. Least squares mean (+ SE) body weight (kg) and other linear body measurements (cm) by agro-ecology, sex and location of
indigenous chicken ecotypes in Northwest Ethiopia

WS SL BL BKL NL CcL SC cC TC CH BW
Effectand levels | SM+SE  LSM+SE  LSM+SE LSM+SE  LSM+SE  LSM+SE LSM+SE LSM+SE LSM+SE LSM+SE  LSM+SE
Overall 42.9+0.12 7.38+0.03 35.9+0.10 2.44+0.01 10.7#0.05 3.32+0.05 3.2#0.02  24.9+0.06 9.91+0.05 1.27+0.03  1.36+0.01
CV % 6.38 9.49 7.09 11.04 11.41 30.4 17.2 7.33 11.80 19.90 16.50
SeX *k*k *k*k *k*k *k* *k*k *k*k *k*k *k*k *k*k *k* *k*k
Male 47.47+0.16° 8.47+0.04° 39.3+0.14*  2.6+0.01° 11.8+0.07° 5.71#0.06° 3.66+0.03° 26.17+0.10° 11.4+0.07% 2.36+0.05% 1.59+0.01°
Female 41.23+0.09° 6.99+0.02® 34.6+0.08° 2.38+0.01° 10.2+0.04® 2.4+0.04®  3.0£0.02®  24.4+0.06® 9.36+0.04° 0.85+0.03° 1.27+0.01°
AgI‘O-ECO|Ogy *k*k *k*k *k*k *k*k *k*k *k*k *%* *k*k *k*k *k*k *k*k
Highland 43.70£0.15° 7.41+0.03° 36.98+0.14® 2.49+0.02% 11.3+0.07° 3.99+0.05° 3.26+0.03° 24.6+0.10° 9.96+0.06° 1.56+0.04° 1.39+0.01°
Midland 44.36+0.16° 7.34+0.03" 36.18+0.15° 2.46+0.02° 11.1+0.07° 4.06+0.06® 3.43+0.04° 25.3+0.11° 10.6+0.07% 1.43+0.04° 1.37+0.01°
Lowland 44.82+0.16° 8.40+0.03° 37.56+0.15° 2.51+0.02¢ 10.6+0.07° 4.08+0.06° 3.31+0.04® 25.9+0.10° 10.5+0.07% 1.70+0.04°  1.50+0.01°
Locatlon *k*k *k*k *k*k *k*k *k*k *%* *k*k *k*k *%* *k*k *k*k
Banja 44.8+0.23" 7.59+0.06° 37.4+0.212 2.52+0.02° 11.5+0.09° 4.15+0.08% 3.37+0.04®  25+0.15*  10.3+0.10°  1.6+0.07°  1.41+0.01°
Sinan 42.1+0.21%  7.14+0.05° 35.740.20% 2.39+0.02° 10.8+0.09* 3.70+0.08* 3.12+0.04° 23.8+0.13¢  9.6+0.09° 1.65+0.07®  1.33+0.01°
Dembecha 45.2+0.25% 7.38+0.06° 37.240.23" 251+0.02° 11.1+0.10° 3.38+0.09° 3.44+0.05° 255+0.16* 10.4+0.10®  1.1+0.08°  1.48+0.02%
Aneded 43.2+0.22° 7.25+0.05° 355+0.20° 2.45+0.02° 11+0.09°  4.54+0.08° 3.38+0.04> 24.9+0.14° 10.6+0.10° 1.6+0.07°  1.28+0.01°
Jawi 46.1+0.22° 8.48+0.05° 38.6+0.20° 2.66+0.02° 10.9+0.09° 4.38+0.08° 3.97+0.04®  26+0.14®  10.6+0.10° 1.7+0.07®  1.54+0.01%
N/Achefer 44.7+0.23° 853+0.06° 37.4+0.21° 2.35+0.02¢ 10.5+0.10° 4.21+0.09® 2.72+0.05¢ 26.5+0.15% 10.8+0.10% 1.95+0.08° 1.55+0.01%
Location*sex *k*k *k*k *k*k *%k *k*k *k*k *k*k *k*k *k*k *k*k *k*k
Banja, M 47.19+0.39 8.17+0.10 38.38+0.37 2.54+0.04 11.97+0.17 5.77+0.15 3.65+0.08 24.91+0.26 11.18+0.17 2.28+0.13  1.46+0.03
Banja, F 42.41+0.22  7.0+0.05 36.40+0.21 2.51+0.02 11.08+0.09 2.54+0.08  3.09+0.04  24.9+0.14  9.37+0.09  0.91+0.07  1.36+0.02
Sinan, M 44.68+0.35 7.76%0.09 37.26+0.33  2.48+0.03 11.49+0.15 4.96+0.13  3.34+0.07 24.46+0.23 10.44+0.15 2.42+0.11  1.47+0.03
Sinan, F 39.58+0.22 6.52+0.06 34.08+0.20  2.31+0.02 10.25+0.09 2.45+0.08  2.90+0.04  23.1+0.14  8.77+0.09  0.89+0.07  1.18+0.02

Dembecha, M 47.60+0.43  7.99+0.10 40.23+0.39 2.70+0.04 11.76+0.18 4.23+0.16  3.69+0.08 26.34+0.28 11.17+0.18 1.38+0.14  1.67+0.03
Dembecha, F 42.75+0.25 6.76+0.06 34.14+0.23  2.32+0.02 10.42+0.10 2.53+0.09  3.18+0.05 24.65+0.16 9.7+0.10 0.83+0.08  1.30+0.03

Aneded, M 4559+0.38 7.90+0.09 37.16+0.35 2.56+0.04 11.67+0.16 6.59+0.14  3.61+0.07 25.32+0.24 11.42+0.16 2.41+0.12  1.36+0.03
Aneded, F 40.88+0.23  6.6+0.05  33.87+0.21  2.34+0.02 10.37+0.09 2.48+0.08  3.15+0.04 24.62+0.15 9.74+0.09  0.78+0.07  1.19+0.01
Jawi, M 49.54+0.36  9.41+0.09 41.57+0.33 2.72+0.03 11.22+0.15 6.38+0.13  4.51+0.07 27.49+0.23 11.71+0.16 2.63+0.12  1.77+0.03
Jawi, F 42.66+0.23  7.55+0.06 35.69+0.21 2.61+0.02 10.58+0.10 2.37+0.08  3.43+0.04 24.56+0.15 9.56+0.10  0.82+0.07  1.32+0.02

N/Achefer, M 50.22+0.39 9.56+0.10 41.27+0.36 2.57+0.04 12.71+0.17 6.36+0.15  3.17+0.08  28.49+0.25 12.66+0.17 3.06+0.12  1.84+0.03
N/Achefer, F 39.13+0.25  7.51+0.06  33.59+0.23  2.14+0.02  8.34+0.11  2.06+0.09  2.26+0.05  24.42+0.16 9.0+0.11 0.86+0.08  1.27+0.02

LSM= Least Square Mean; SE= Standard error; M= Male; F= Female; WS= Wing Span; SL= Shank Length; BL= Body Length; BKL= Beak Length; NL= Neck Length;
CL= Comb Length; SC= Shank Circumference; CC= Chest Circumference; TC= Thigh Circumference; CH= Comb Height; BW= Body Weight; *p<0.05; **p<0.01;
***p<0.001
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5.3.3. Step-wise discriminant analysis

The stepwise discriminant analysis procedure revealed that, in both sexes, all the variables
had a significant discriminating power between the sample populations. For both the
female and male sample populations, shank traits (shank circumference and shank length)
had the highest discriminating power, with a standard deviation of 0.59 and 1.07 for the

female and male populations, respectively (Table 5.3).

Table 5.3. Traits used in discriminating the chicken population from different sites in
stepwise discriminant analysis

Total

Sex Variable standard Partial F- Pr>F Wilks’ Pr < Pr >
deviation R? value Lambda Lambda ASCC ASCC
SC 0.59 0.34 90.47 <.0001 0.66 <.0001 0.07 <.0001
SL 0.79 0.29 70.27 <.0001 0.47 <.0001 0.12 <.0001
NL 1.46 0.28 67.73 <.0001 0.34 <.0001 0.16 <.0001
Female BKL 0.30 0.13 26.42 <.0001 0.29 <.0001 0.18 <.0001
CcC 1.85 0.12 23.39 <.0001 0.26 <.0001 0.21 <.0001
WS 3.17 0.11 20.35 <.0001 0.23 <.0001 0.22 <.0001
BL 2.69 0.09 17.46 <.0001 0.21 <.0001 0.24 <.0001
TC 1.18 0.10 19.90 <.0001 0.19 <.0001 0.25 <.0001
BW 0.23 0.08 15.36 <.0001 0.17 <.0001 0.27 <.0001
CL 0.74 0.05 959 <.0001 0.16 <.0001 0.27 <.0001
SL 1.07 0.48 58.90 <.0001 0.52 <.0001 0.10 <.0001
SC 0.86 0.27 23.71 <.0001 0.38 <.0001 0.15 <.0001
CL 1.85 0.18 14.27 <.0001 0.31 <.0001 0.19 <.0001
Male BW 0.32 0.20 15.72 <.0001 0.25 <.0001 0.22 <.0001
CcC 2.49 0.19 14.31 <.0001 0.20 <.0001 0.25 <.0001
WS 3.44 0.15 10.95 <.0001 0.17 <.0001 0.27 <.0001
NL 1.31 0.14 9.89 <.0001 0.15 <.0001 0.30 <.0001
CH 1.52 0.09 6.41 <.0001 0.13 <.0001 0.31 <.0001
TC 1.58 0.08 5.29 .0001 0.12 <.0001 0.32 <.0001
BL 3.42 0.08 511 .0002 0.11 <.0001 0.33 <.0001
BKL 0.33 0.08 5.19 .0001 0.10 <.0001 0.34 <.0001

*p<0.05; **p<0.01; ***p<0.001; ASCC=Average Squared Canonical Correlation

5.3.4. Discriminant analysis

The validity of the discriminant analysis procedure was assessed by means of
reclassification statistics (Table 5.4). The overall classification rates (hit rate) of the
female and male sample populations were 57.47% and 69.97%, respectively (Table 5.4).
The overall hit rate in the female population was not high, as the hit rates observed for
Banja (48.80%) and Dembecha (34.35%) were small. In the case of male chickens, the
lowest classification rate was obtained for Banja with 42.00%, followed by Dembecha
with about 65.00% (Table 5.4).
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Table 5.4. Number of observations and percent (bracket) correct classified for female and
male sample population using discriminant analysis

Sex Site Banja Sinan Dembecha  Aneded Jawi N/Achefer Total

Banja  81(48.80) 27(16.27) 23(13.86) 13(7.83) 22(13.25)  0(0.00)  166(100)
Sinan  23(14.47) 99(62.26)  4(2.52)  24(15.09) 3(1.89)  6(3.77)  159(100)

Female Dembecha 25(19.08) 27(20.61) 45(34.35) 25(19.08) 9(6.87)  0(0.00)  131(100)
Aneded  13(8.50) 27(17.65) 18(11.76) 89(58.17) 6(3.92)  0(0.00)  153(100)

Jawi  19(13.01) 16(10.96)  6(4.11)  11(7.53) 92(63.01)  2(1.37)  146(100)

N/Achefer  1(0.82)  8(6.56) 5(4.10) 1(0.82)  9(7.38)  98(80.33)  122(100)

Banja  21(42.00) 10(20.00)  2(4.00)  10(20.00) 5(10.00)  2(4.00)  50(100)
Sinan  13(20.63) 44(69.84)  3(4.76)  3(4.76)  0(0.00)  0(0.00)  63(100)

Male Dembecha 0(0.00)  9(20.93) 28(65.12)  0(0.00)  4(9.30)  2(4.65)  43(100)
Aneded  6(10.91)  0(0.00) 0(0.00)  47(85.45) 0(0.00)  2(3.64)  55(100)

Jawi 0(0.00)  0(0.00)  10(16.67)  0(0.00) 50(83.33)  0(0.00)  60(100)

N/Achefer  0(0.00)  1(1.92) 0(0.00)  0(0.00)  15(28.85) 36(69.23)  52(100)

5.3.5. Non-parametric discriminant analysis

All the categorical variables that were used for the chi-square test were included in the
nonparametric analysis to see how the sample populations differed as group entities. Both
male and female populations were merged and analyzed together, and the result is

presented in Table 5.5. The overall classification rate estimate was 55.42%.

Table 5.5. Number of observations and percent-classified (in brackets) into the site using a
non-parametric discriminant for both male and female sample chicken populations

From site Banja Sinan Dembecha Aneded Jawi North Achefer
Banja 81(37.50)  44(20.37) 35(16.20) 25(11.57) 27(12.50) 4(1.85)
Sinan 21(9.46)  139(62.61) 13(5.86) 39(17.57) 9(4.05) 1(0.45)

Dembecha 25(14.37)  40(22.99) 52(29.89) 36(20.69) 18(10.34) 3(1.72)

Aneded 9(4.33) 28(13.46) 23(11.06)  142(68.27) 4(1.92) 2(0.96)
Jawi 25(12.14) 15(7.28) 12(5.83) 17(8.25) 132(64.08) 5(2.43)
North Achefer 8(4.60) 9(5.17) 5(2.87) 4(2.30) 29(16.67) 119(68.39)

5.3.6. Canonical discriminant analysis

The squared Mahalanobis distances between sites (Table 5.6) for female sample
populations were significant (p<0.001). The shortest distance (4.73) was measured
between Aneded and Dembecha, and the longest distance (19.25) was measured between
Banja and North Achefer. In male sample populations, the shortest distance was between
Banja and Aneded, with a value of 5.87 standard units, and the longest was between
Dembecha and North Achefer, with a value of 16.8 (Table 5.6). The multivariate statistics

for differences between the districts were also significant (p<0.001) in all four multivariate
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tests (Wilks’ Lambda, Pillai’s Trace, Hotelling-Lawley Trace, and Roy’s Greatest Root).
Similarly, the univariate statistic testing the hypothesis that class means are equal showed
that the means of each variable are significantly different (p<0.001) between sites. The
values of Wilks’ lambda were 0.16 and 0.10 for the female and male sample populations,

respectively.

Table 5.6. The squared Mahalanobis distance between sites for the female (below the
diagonal) and male (above the diagonal) sample chickens

From site Banja Sinan Dembecha Aneded Jawi North Achefer
Banja 7.35 8.27 5.87 8.79 12.48

Sinan 5.33 7.41 9.38 12.09 15.32
Dembecha 5.80 5.96 12.55 10.17 16.80
Aneded 6.52 5.97 4.73 11.99 15.09
Jawi 5.70 7.55 7.84 8.06 12.10
North Achefer 19.25 16.56 18.77 18.00 18.22

The procedure of canonical discriminant analysis extracted five canonical variates for the
female chicken. For female sample populations, the ratio of between-group variability to
within-group variability detected by canonical variate 1 (CAN1) was much larger than the
other four canonical variates. The five canonical variates had different discriminatory
powers, with a larger proportion (82%) of the total variance explained by the first two
canonical variates (Table 5.7). Unlike the female sample population, the Eigen values for
the male populations were larger for CAN1, CAN2, and CAN3, indicating their better
discriminating capacities (Table 5.7). These three variates explained 90% of the total

variance in the population.
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Table 5.7. Summary of canonical correlations in female and male chickens

Eigen values Approximate

Sex Functions Canonical correlation Eigen value Difference Proportion Cumulative Likelihood ratio F value Pr>F
CAN1 0.79 1.65 1.15 0.63 0.63 0.16 38.35 <.0001
CAN2 0.58 0.50 0.21 0.19 0.82 0.43 22.50 <.0001
Female  CAN3 0.47 0.28 0.16 0.11 0.93 0.65 16.81 <.0001
CAN4 0.34 0.13 0.06 0.05 0.98 0.83 11.82 <.0001
CAN5 0.25 0.07 0.02 1.00 0.94 9.43 <.0001
CAN1 0.76 1.34 0.51 0.42 0.42 0.10 16.30 <.0001
CAN2 0.67 0.82 0.16 0.26 0.68 0.24 13.18 <.0001
Male CAN3 0.63 0.67 0.44 0.21 0.90 0.44 10.70 <.0001
CAN4 0.43 0.23 0.14 0.07 0.97 0.74 6.25 <.0001

CAN5 0.29 0.10 0.03 1.00 0.91 4.23 0.00

CAN = Canonical
The first two canonical variates (CAN 1 and CAN 2) distinctly separated the female sample populations from North Achefer and Jawi, which

were found in lowland areas (Table 5.8). In male chickens, the first three canonical variates (CAN1, CAN2, and CAN3) distinctly separated the
sample populations of the North Achefer, Sinan, and Jawi (Table 5.8).
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Table 5.8. Class means on canonical variables of female and male chickens

Sex District/Site CAN1 CAN2 CAN3 CAN4 CAN5
Banja 0.75 0.48 -0.39 0.57 0.15

Sinan 0.30 -0.23 -0.88 -0.43 -0.09

Female Dembecha 0.59 -0.65 0.41 0.24 -0.48
Aneded 0.49 -0.88 0.46 -0.14 0.37

Jawi 0.41 1.21 0.54 -0.34 -0.04
North Achefer -3.16 0.01 0.02 0.10 0.01

Banja -0.41 -0.39 -0.36 -0.14 -0.67
Sinan -1.12 -0.01 1.01 0.59 0.06
Male Dembecha -0.77 1.16 0.47 -0.93 0.14
Aneded -0.64 -1.28 -0.89 -0.15 0.33
Jawi 0.74 1.19 -0.96 0.41 0.06
North Achefer 2.22 -0.59 0.78 -0.13 0.03

CAN = Canonical

5.3.7. Cluster analysis

The hierarchical clustering map for female sample chickens (Figure 5.4) was established
using principal components and showed three clusters. About 84% of the variation was
explained by dimension 1 (55.4%) and dimension 2 (28.54%). In males, about 82% of the
total variation was explained by the first two dimensions (Figure 5.5). While female and
male chickens were analyzed together, four distinct clusters were formed (Figure 5.6).
Chickens from Banja, Dembecha, and Aneded were clustered together, and chickens from

North Achefer, Sinan, and Jawi were clustered independently.
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Figure 5.4. Hierarchical clustering on the factor map (3D map) for female chickens by
using quantitative traits having a high discriminating power in the classification of

chickens
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Figure 5.5. Hierarchical clustering on the factor map (3D map) for male chickens by using
quantitative traits having a high discriminating power in the classification of chickens
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Figure 5.6. Dendrogram constructed based on quantitative traits having a high
discriminating power in classification of chickens for two sexes

5.4. Discussions

5.4.1. Qualitative morphological traits

The red plumage colour was the most frequently observed in almost all study areas.
Similar results were reported in southern Ethiopia (Melesse & Negesse, 2011),
southeastern Oromia, Ethiopia (Negassa et al., 2014), and Gambella region (G. Bekele et
al., 2021). In line with the present study, red was reported as the most dominant plumage
colour in those chicken populations from the southern part of Ethiopia, Oromia, and

Benshangul-Gumuz regions (Dana et al., 2010a). In contrast to the present finding,
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25.49% of indigenous chickens in the Northwest parts of Ethiopia had white plumage
(Halima et al., 2007b). The dominancy of white plumage colour across all chicken
populations in Burkina Faso has also been reported (Zare et al., 2021). The predominant
occurrence of indigenous chickens with red and Gebisma plumage colour in the studied
area is possibly attributed to farmers’ preferences. In some study areas, farmers’ do not
prefer white colour due to its capability of attracting people, and they believe the eyes of
human beings may negatively affect the growth and egg production of the chicken. In
addition, some farmers prefer chicken with colour that is not bright to protect it from

predators’.

The majority of chickens in this study had yellow shank colour. The result of the current
study is in line with the findings in Northwest Ethiopia (Halima et al., 2007b), Southern
Ethiopia (Melesse & Negesse, 2011), Southeastern Oromia region (Negassa et al., 2014)
Gambella regions of Ethiopia (G. Bekele et al., 2021), and Rwanda (Habimana et al.,
2021), in which the majority of indigenous chickens had a yellow shank colour. On the
contrary, the frequent occurrence of grey and green shank colours in some areas of
Southeastern Oromia was reported (Negassa et al., 2014). Shank colour indicates the
chicken’s foraging efficiency, nutritional and immune status, and sexual desirability
(Eriksson et al., 2008). In the current study, the presence of yellow shank colour was
higher in males than females in all the districts. This might indicate the foraging efficiency
of males, which enables them to get high carotenes. Similarly, a report of Negassa et al.
(2014) suggested that cocks might have good access to feed resources than hens as they
can compete better. The mixture of white and red earlobe colour was predominant in the
indigenous chickens. In contrast to the current study, the majority of indigenous chickens
from southern Ethiopia (Melesse & Negesse, 2011) and southeastern Oromia (Negassa et
al., 2014) had red earlobes. On the other hand, the predominance of yellow earlobes was
reported in the Gambella region of Ethiopia (G. Bekele et al., 2021). The difference in
earlobe colour might be due to their adaptation to the local environment and differences in
ancestral lineages (Halima et al., 2007b). The nutritional status of birds could also be a
possible cause for this variation (Negassa et al., 2014). The rare incidence of shank feather
in this study is in line with the report in Northwest Ethiopia (Halima et al., 2007b), and
Gambella region (G. Bekele et al., 2021). The predominant white skin colour in this study
is different from the reports from different regions of Ethiopia (Dana et al., 2010b) and

Southeastern Oromia (Negassa et al., 2014), which indicated the frequent occurrence of
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yellow skin colour. A high proportion of yellow skin colour was found relatively in
highland areas (Banja and Sinan). Similar results were obtained in different regions of
Ethiopia (Dana et al., 2010b), in which the populations in the high altitudes (Sheka, Farta
and Horro) were comprised a huge proportions of chickens with yellow skin relative to the
others. Besides the agro-ecological region, the proportion of males with yellow skin colour
was higher than that of females. This is probably because the scavenging feed resource
base is relatively better in the high altitude regions, and cocks have a stronger foraging
behavior than the hens.

The present study showed that the majority of the indigenous male chicken possessed rose
comb, which is in line with the findings found in Southeastern Oromia (Negassa et al.,
2014). In contrast to the current study, 55% of chickens were single combed in Southern
Ethiopia (Melesse & Negesse, 2011). Similarly, in Gambella region of Ethiopia (G.
Bekele et al., 2021), the frequent occurrence of single combed indigenous chickens
reported. The majority of indigenous chickens found in Northwest Ethiopia (Halima et al.,
2007b) and different regions of Ethiopia (Sheka, Mandura, Konso, and Farta) (Dana et al.,
2010b) had pea combs. Single-comb male chickens were culturally not preferred by
farmers in all study areas, and this might be the possible driving force behind the low
frequency of single-comb chickens. In harmony with the current study, Halima et al.
(2007Db) reported about 51% of indigenous chickens in Northwestern Ethiopia had a plain
head shape. Similarly, the frequent occurrence of indigenous chickens with plain heads
reported in the Gambella region (G. Bekele et al., 2021). On the contrary, most of the
chickens in Farta were identified with crest heads (Dana et al., 2010b). On the other hand,
the majority of indigenous chickens in Southeastern Oromia had snake head shape
(Negassa et al., 2014). The current result agrees with the findings of Melesse and Negesse
(2011), in which the highest proportion of chickens in southern Ethiopia had a normal
feather distribution and morphology. Similar results were also reported in the Gambella
region of Ethiopia (G. Bekele et al., 2021). The naked-neck gene is one of the major genes
in indigenous chickens and is important for heat tolerance and adult fitness (Melesse et al.,
2005). In line with the above statement, small proportions of naked neck chickens were
found in lowland areas (Jawi and North Achefer). Unattractive aesthetic nature of these
chickens by farmers’ might be the possible reason for low distribution of these chickens in

the study area.
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5.4.2. Quantitative morphological traits

Sex had significant effect on body weight and all linear body measurements. Male
chickens were showing higher value for all body measurements than females. In line with
the current study, the effect of sex was significant for all traits being higher in males than
female indigenous chickens found in Ethiopia (Melesse et al., 2021). Similarly, sex had a
significant effect (p<0.05) on all linear body measurement and body weight of indigenous
chickens of Ethiopia with the higher value of male chickens (Bekele et al., 2021). The
superiority of males over females could be attributed to sexual dimorphism due to
differences in the level of male sex hormones, which is responsible for larger muscle
development in males than in females (Rotimi et al., 2016). The average live weight
values of 1.59 and 1.27 kilograms for males and females, respectively, in the current study
are comparable with those reported by Melesse et al. (2021) in Ethiopian indigenous
chickens. But, the values were higher than those reported in Northwest Ethiopia (Halima
et al., 2007b), Southeaster Oromia (Negassa et al., 2014), and Gambella region (G. Bekele
et al., 2021). The chest circumference reported by Bekele et al. (2021) and the wing span
reported by Melesse et al. (2021) is in line with the current findings. Nevertheless, body
length values of indigenous chickens of Ethiopia reported by Bekele et al. (2021) were
lower, 26.07 cm and 23.52cm for male and female chickens, respectively. On the other
study, the higher values of wing span (65.77 cm for males and 56.83 cm for females),
shank length (10.19 cm and 8.36 cm), and neck length (18.47 cm and 16.92 cm) reported
for the indigenous chickens of Gambella (G. Bekele et al., 2021). These variations in traits
could be attributed to the genetic background of local chickens and the quality and
quantity of the available scavengeble feed resources in different regions.

Agro-ecology and location significantly affected all body measurements. Accordingly,
indigenous chickens found in lowland areas (Jawi and North Achefer) had a higher value
than others for the majority of their body measurements. However, the Banja indigenous
chickens had the longest necks. Similarly, the Aneded chickens had the longest combs
compared to the indigenous chickens found at the other sites. These significant differences
observed between indigenous chickens from different locations could be due to
management practices (Moges, 2010b), and genetic make-up (Apuno et al., 2011). The
body measurement differences of chickens found in similar agro-ecologies also might be

due to the management system used by farmers and the genetic make-up of chickens.
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All variables that were subjected to the stepwise discriminant analysis procedure had a
significant discriminating power for both sexes. Shank circumference for females and
shank length for males showed a high discriminating power. Comb length and beak length
had the least discriminating power in female and male chickens, respectively. On the
contrary, the body length has shown the highest level of significant discriminating power,
while shank length had the least impact in differentiating the chicken populations of
indigenous chickens found in the other part of Ethiopia (Melesse et al., 2021). In the other
study, chest circumference and body weight showed a high discriminating power in
indigenous male and female chickens, respectively, which were located in the Metekel
zone of Northwestern Ethiopia (Getachew et al., 2017). Consistent with the current
findings, Getu et al. (2014) reported that shank length was the most important variable to
discriminate among three chicken ecotypes reared in North Gondar, Ethiopia. The
variation of variables in discriminating power for the classification of chickens in different
studies might be due to the analysis method utilized and the unique importance of these
variables in the classification of chickens in the specific study areas. The overall
classification rates for the female and male sample populations were 57.47% and 69.97%,
respectively. Comparable to the current study, the correct classification ranged from 41-
84% in the case of female chickens found in West Hararghe zone (wolde Kawole et al.,
2019). In the correct classification percent table, the diagonal values represent the
proportion of observations that were correctly classified as belonging to a particular group.
Whereas the above and below diagonal values enable us to know the misclassified
percentage of groups. The difference between the above and below diagonal values might
be due to the size and distribution of the groups being classified or the difference in the

sample size between groups.

The female sample populations from Banja, Dembecha, and Aneded and the male sample
populations from Banja and Dembecha were more heterogeneous on the quantitative
variables, as can be witnessed from their respective low hit ratios. It indicates the
populations from these sites were morphologically more closely related to each other. For
instance, the discriminant analysis correctly classified 48.8% of chickens in Banja into
their respective origin populations, with 16.27%, 13.86%, 7.83%, 13.25%, and 0.00%
being misclassified as Sinan, Dembecha, Aneded, Jawi, and North Achefer, respectively.
Whereas, in male chickens, the analysis correctly classified 42% of chickens in Banja into

their respective populations, with 20%, 4%, 20%, 10%, and 4% being misclassified as
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Sinan, Dembecha, Aneded, Jawi, and North Achefer, respectively. The higher
classification rates were recorded on North Achefer and Jawi for female chickens. This
indicates the homogeneous and distinctive nature of the chicken populations found in
these areas.

In the current study, all the squared Mahalanobis distances were highly significant (P <
0.001). This revealed that the population from each site is distinct and has its own
measurable differences from others. These observations are in good agreement with those
obtained in different parts of Ethiopia (Melesse et al., 2021) and Metekel zone (Getachew
et al., 2017). The multivariate statistics for differences between the sites was also
significant (p<0.001) in all of the four multivariate tests (Wilks’ Lambda, Pillai’s Trace,
Hotelling-Lawley Trace and Roy’s Greatest Root. The value of Wilks’ lambda for the
female sample populations was 0.16. This shows that most (84%) of the variability in the
discriminator variables was due to differences between populations rather than variation
within populations. In females, the shortest distance was measured between Aneded and
Dembecha, and the longest distance was measured between Banja and North Achefer.
Whereas, in male sample populations, the shortest distance was between Banja and
Aneded and the longest was between Dembecha and North Achefer. The shortest distance
observed between chickens might be attributed to the sharing of similar genetic identities
as a result of non-selection, inbreeding, and migration among these chickens over many
generations (Daikwo et al., 2015). The squared Mahalanobis distances reported among the
Ethiopian indigenous chickens (Melesse et al., 2021) ranged from 4.39 to 23.9, which is
comparable with the current findings (ranging from 4.73 to 19.25). On the other hand,
lower squared Mahalanobis distances ranging from 1.19 to 4.8 and 2.19 to 7.95 for female
and male chickens, respectively, were reported for indigenous chickens in West Hararghe
zone (wolde Kawole et al., 2019). Such variations might arise in the methods applied for
computing the Mahalanobis distances and the number of samples used in the discriminant

analysis, being higher in a smaller sample size than in a larger (Melesse et al., 2021).

The canonical discriminant analysis extracted five canonical variables for female chickens,
of which CAN1 and CAN2 accounted for 63% and 19% of the total variations,
respectively. In males, three canonical variates, CAN1, CAN2, and CAN3, accounted for
42%, 26%, and 21%, respectively. These canonical variates in female and male chickens

were distinctly separated among indigenous chickens found in North Achefer, Sinan, and
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Jawi. This observation is somehow comparable with that of indigenous chicken
populations in Northwestern Ethiopia, which reported that CAN1 and CAN2 accounted
for 66.75% and 33.3% of the total variation, respectively (Getu et al., 2014). The higher
CANL1 values of 73.2% (Melesse et al., 2021), 91.46% (wolde Kawole et al., 2019), and
99.36% (Getachew et al., 2017) were reported for indigenous chickens in Ethiopia. Three
clusters were found for each male and female chicken by utilizing quantitative traits that
have high discriminating power in the classification of chickens. Some grouping variation
was found in male and female chickens, and it might be due to sample size differences. On
the other hand, four distinct clusters were found while the quantitative traits had high
discriminating power in classifying male and female chickens together. By combining the
above two clustering results, the chickens in the study area could be clustered into four;
cluster one (North Achefer), cluster two (Sinan), cluster three (Jawi), and cluster four
(Banja, Dembecha, and Aneded).

5.5. Conclusions and Recommendation

The univariate and multivariate analysis of qualitative and quantitative traits revealed the
existence of morphological differences between indigenous chickens in different districts.
Generally, the results of the analyses enabled us to classify the indigenous chickens found
in the study area into four ecotypes: ecotype 1 (Banja, Dembecha, and Aneded), ecotype 2
(North  Achefer), ecotype 3 (Sinan), and ecotype 4 (Jawi). Molecular-based

characterization studies should be conducted to strengthen the current findings.
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Abstract

The study was conducted to compare the growth performance of indigenous chickens and
evaluate the effect of Enteromorpha polysaccharide (EP) supplementation on the growth
of chickens. A total of 180 indigenous chicken ecotypes (Sinan, Dembecha, North
Achefer, and Jawi) were used in the study. Chicken ecotype and sex had a highly
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significant (p<0.001) effect on body weight and average daily gain (ADG). The highest
final body weight (1811.5+16.6 g) and ADG at twenty weeks of age (12.76+0.12 g) were
recorded for the Jawi ecotype, followed by the North Achefer. A significantly higher body
weight and ADG in male chickens than female chickens were observed. The EP
supplemented (EP+) chickens showed a significantly (P < 0.05) higher body weight and
ADG than the non-supplemented (EP-) chickens. The interaction effect of ecotype and
feed type was not statistically significant on body weight in the starter and grower phases,
except at week 9. In the first four weeks, the highest (100%) and lowest (91.7%)
survivability rates were recorded for the Sinan ecotype and the Jawi ecotype, respectively.
In general, the Jawi and North Achefer ecotypes had better growth performance, and the
Sinan ecotype relatively showed better survivability. EP supplementation could improve
the growth performance of chickens.

Keywords: Body weight, Ecotype, Enteromorpha polysaccharide, Growth, Indigenous
chicken

6.1. Introduction

Poultry production plays a significant role in poverty reduction, food security, and income
generation in developing countries including, Africa ( Kingori et al, 2010; Bettridge et al.,
2018; Zelleke et al., 2022). However, the production of indigenous chickens in these
regions encounters several challenges. These challenges include limited access to and high
costs of feed resources, climate-related difficulties leading to frequent diseases and
increased flock mortality rates, predation, as well as subpar feed efficiency (Mahoro et al.,
2017; Ngongolo & Chota, 2021; Mujyambere et al., 2022; Kpomasse et al., 2023). The
poultry industry helps the low- and middle-income households to improve their socio-
economic conditions and promotes the inclusion of vulnerable groups such as women,
people living with disabilities, orphans, and the unemployed (Manyelo et al., 2020; Kleyn
& Ciacciariello, 2021). Similarly, in Ethiopia, chickens are of significant socioeconomic
importance for food security, income generation, as rituals for religious purposes (Gulilat
et al., 2021), and provide employment opportunities (Tolasa, 2021). Most rural Ethiopian
families raise a small to a big number of indigenous and exotic chickens. The total poultry

population in Ethiopia is estimated to be about 57 million heads. The percentages of

74



indigenous, exotic, and hybrid breeds in the total poultry were reported to be 78.85%,
9.14%, and 12.03%, respectively (CSA, 2021).

Despite the enormous population and significant contribution, the performance of local
chickens in the smallholder production systems is poor and varies across Ethiopia
(Matawork, 2018). The productivity of indigenous chickens can be improved by providing
better housing, disease prevention and control, enhanced genetics, and nutrition.
According to recent research findings, seaweed polysaccharides improved the
performance of chickens in terms of growth and production, breast muscle yield, egg
quality, antioxidant capacity, and intestinal morphology (Guo et al., 2020; Liu et al., 2020;
Liu et al., 2021; Wassie et al., 2021b; Zhao et al., 2021). Enteromorpha prolifera (EP) is a
type of green algae or seaweed that has been utilized for centuries in traditional medicine
and food (Wassie et al., 2021b). In addition to its nutritional value, the polysaccharides
found in E. prolifera have been discovered to possess diverse bioactive properties. These
include the ability to modulate the immune system, assist in managing diabetes, act as
antioxidants, lower lipid levels, exhibit antimicrobial activity, and influence the

composition of the gut microbiota (Xu et al., 2015; Wassie et al., 2021a).

Efforts have been made in Ethiopia to enhance the productivity of the poultry industry by
introducing exotic breeds. However, these attempts did not yield the anticipated outcomes
primarily due to the demanding management requirements of the chickens (Esatu et al.,
2022). Long-term breeding programs for chickens shouldn't solely rely on the importation
of non-adapted exotic chickens (Belew, 2018). Improvement of indigenous chicken
through selective breeding can better achieve the goal for low input and tropical systems
(Belew, 2018). Yonas (2020) also suggested that improving the indigenous chicken
through selective breeding is better than crossbreeding with non-adapted exotic breeds.
The Ethiopian livestock master plan made clear the importance of enhancing
indigenous chicken genotypes through selective breeding to boost their genetic potential
and ensure sustainable use (Shapiro et al., 2015). Increasing the productivity of the
indigenous chickens by keeping their better adaptive traits, such as disease resistance and
tolerance to harsh environments is crucial. To obtain a better outcome from the selective
breeding of indigenous chickens, understanding the real production potential through

performance evaluation at the station and farmer level is essential.
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In Ethiopia, different scholars, such as Halima et al. (2006); Shewangizaw et al. (2021),
Shewangizaw et al. (2022), and Tadele et al. (2023) have conducted performance
evaluations of indigenous and exotic chicken ecotypes in different management
conditions. However, there is a dearth of information on the growth performances of
indigenous chickens under intensive management conditions, and up to date, EP’s effect
on the growth performance of indigenous chickens has not been studied. Therefore, this
study aimed to compare the growth performance of indigenous chicken ecotypes and
evaluate the effect of EP supplementation on their growth, which could be used as input

for designing a sustainable breeding program.

6.2. Material and Methods

6.2.1. Study locations

The experiment was conducted at the Zenzelima campus of Bahir Dar University, located
in Northwest Ethiopia at 11° 37’ north latitude and 37° 29’ east longitude and an elevation

of 1912 meters above sea level (Figure 3.2).

6.2.2. Source of Enteromorpha Polysaccharide (EP)

The polysaccharide was extracted from marine algae E. prolifera and provided by
Qingdao Seawin Biotechnology Group Co., Ltd. (Qingdao, China). Briefly, the water-
soluble sulfated polysaccharides of EP were extracted from E. prolifera using an
enzymatic method (Liu et al., 2021). The algae were washed in distilled water, dried at
60°C, and then minced to create homogenate powder. After the algae powder was soaked
in water, it underwent a step-by-step enzymatic treatment using pectinase, cellulase, and
papain at 50°C for 1.5 hours. To obtain the polysaccharide products, the enzyme reaction
was first inactivated by heating the reaction at 90 to 100 °C for 10 minutes, followed by an
instantaneous cooling on an ice bath, centrifugal concentration, ethanol precipitation, and
spray drying (Lv et al., 2013). The EP contained the monosaccharides rhamnose,

glucuronic acid, xylose, glucose, and galactose (Table 6.1).
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Table 6.1. The composition of Enteromorpha prolifera polysaccharide supplemented for
chickens

Monosaccharides % composition
Rhamnose (Rha) 40.6
Glucuronic acid (GIcA) 38.2
Xylose (Xyl) 9.3
Glucose (Glc) 5.6
Galactose (Gal) 6.3

Source: Wassie et al., 2021b

6.2.3. Experimental birds and management

A total of 500 chicken eggs were collected from smallholder farmers in Sinan (Sinan
ecotype = 120), Dembecha (Dembecha ecotype = 120), North Achefer (North Achefer
ecotype = 130), and Jawi (Jawi ecotype = 130) from four ecotypes that are identified in the
Northwestern part of Ethiopia (Muluneh et al., 2023). A total of 180 unsexed chicks were
obtained from the hatching, and they were randomly divided into four treatment groups
(Sinan ecotype, Dembecha ecotype, North Achefer ecotype, and Jawi ecotype), each of
which had ten replications. Each pen or replication consisted of 17-19 chickens, a
proportional number of chickens (identified by leg band) from each ecotype. A completely
randomized design (CRD) was utilized in the experiment, in which chickens were
allocated to each pen randomly. Each pen was consisted from all ecotypes which
identified by leg band. The sex of chicks was identified after three weeks of age; of 180
chicks, 88 were females and 92 were males. After the chicks reached five weeks of age,
the feed experiment was started, and the experimental design was rearranged with two
additional treatment groups (EP-supplemented and non-supplemented). The two treatment
groups had five replications. Half of the chickens from each ecotype received a basal diet
supplemented with 400 mg EP/kg diet, according to the dose recommended (Guo et al.,
2020), while others received a basal diet only. The pens, drinkers, feeders, and other
equipment were cleaned, formalin-disinfected, and dried before the chicks were moved to
the experimental pens. The floor of the deep litter system, in which the chicks were raised,
was covered with teff straw at a depth of about 6 cm. Adequate floor space, light,
temperature, ventilation, and relative humidity were provided for each treatment. The
birds were given vaccinations for the major diseases (Marek's, Newcastle Disease,
Gumboro, Fowl Typhoid, and Fowl Pox) as per the recommended vaccination schedule,

and they also received treatment as required. All chicken ecotypes were fed commercial
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starter ration (Table 6.2) up to week 8 and grower ration from week 9 to week 20
throughout the trial, and they were all given clean and fresh water ad libitum. The amount
of feed was adjusted weekly by considering the development stages of the chickens (NRC,
1994).

Table 6.2. Nutrient composition of the diet fed to experimental chickens

Nutrients Starter Grower
Crude protein (%DM) 20.5 18.5
Crude fat (%DM) 6.5 5.0
Crude fiber (%DM) 55 5.8
Calcium (%DM) 0.9 0.9
Metabolizable energy (ME-Kcal/kg) 3000.0 2950.0
Moisture (%) 10.0 10.0

DM= Dry matter; ME-Kcal/kg = Metabolizable energy in Kilo calorie per kg of feed

6.2.4. Data collection

Initial body weight (body weight at hatch) measurements were made on each chicken
before placement in the experimental pens, and then chickens were individually weighed
at two-week intervals using a sensitive balance for the entire experimental period. The
body weight recorded was used to calculate the average daily gain (ADG). There was no
data available for the body weight of chicken at week one (BW1) due to technical issues.
Feed offered and feed leftovers were measured daily using a sensitive balance to calculate
the average daily feed intake (ADFI) and feed conversion ratio (FCR). FCR was
calculated as ADFI/ADG. Mortality was recorded as it occurred.

6.2.5. Statistical analysis

The collected data were analyzed using the General Linear Model (GLM) in the SAS 9.4
package to determine the effect of ecotype, sex, and feed type on the growth parameters.
The mean comparison was done using the Tukey procedures. The growth performance
data are presented as the LSM = standard error, and statistical significance was considered
when P < 0.05. Origin software was used to construct graphs.

The models used for the statistical analysis were:

Model 1 (before EP experiment started):-Yiy= n + Ei + Sj +€ijk,

Model 2 (after EP experiment started):- Yijk= pn + Ei + Sj + Fkt+ EFik + €iju
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Where:Yijxand Yij«= the response variable (the measurement of BW, ADG, and FCR);
u = the overall mean;
Ei = the fixed effect of ecotype (i= Sinan, North Achefer, Jawi, and Dembecha);
Sj = the fixed effect of sex (j= Male and Female);
Fx = the fixed effect of EP supplementation (k= EP supplemented and non-
supplemented);
EFix = the interaction effect of ecotype and feed type;

eijk and ejjw = the effect of random error.

6.3. Results

6.3.1. Ecotype and sex effect on body weights

Ecotype and sex exerted a highly significant (p<0.001) effect on body weight (Table 6.3).
The overall body weight of indigenous chickens at twenty weeks of age obtained in this
experiment was 1640.1g (Table 6.3). The higher (28.3+0.29 g) and lower (25.8+0.38 Q)
body weights at day old age were recorded for the North Achefer and Jawi ecotypes,
respectively (Table 3). Jawi ecotypes recorded the highest final body weight (1811.5+16.6
g), followed by North Achefer (1725.8+12.6 g). A significantly higher (P<0.001) body
weight was recorded in male chickens than female chickens (Table 6.3).

6.3.2. Feed effect on body weight
There were notable distinctions (P<0.05) in body weight during week seven between EP+
and EP- groups, with EP+ exhibiting the highest recorded body weight. The EP-

supplemented (EP+) chickens showed a highly significant (P<0.001) and higher body
weight than the non-supplemented (EP-) chickens in the entire grower phase (Table 6.3).
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Table 6.3. The body weight (LSM+SE) of indigenous chicken ecotypes in Northwest Ethiopia at different weeks of ages

Effect and levels N BWO BW3 BW5 BW7 BW9 BW13 BW17 BW20
Overall 26.9+2.13 127.1+21.1 196.2+36.1 368.8+44.9 608.5+64.1 1016.7+£82.9 1401.9£84.9 1640.1+92.1
CV % 7.93 16.65 18.4 12.19 10.5 8.15 6.05 5.61
Ecotype *kk *kk *kk *kk *k*k *k*k *k% *k%
Sinan 51  26.4+0.30° 122+2.96% 181.1+5.0° 333.446.31° 580.1+8.98° 931.7+11.6° 1297.6+£11.9¢ 1508.5+£12.9¢
North Achfer 59  28.3+0.292 135.9+2.892 203.6+4.93® 397.5+6.14° 627.5+8.752 1071+11.3° 1472.7+11.6° 1725.8+12.6"
Jawi 39  25.8+0.38° 116.5+3.82° 189.8+6.52° 406.6+8.11° 660.7+11.62 1135+14.92 1550.8+15.32 1811.5+16.6%
Dembecha 31 26.1+0.44° 129.0+4.45% 219.7+7.602 326.749.46° 547.1+13.5° 897.3+17.4° 1243.0+17.9¢ 1477.5+£19.4°¢
Sex NA *k*k *k*k *k*k **k%k **k%k *kx *kx
Male 92 NA 138.9+2.452 213.9+4.182 391.245.202 645.1+7.412 1071.249.592 1471.6+9.8% 1724.6+10.6°
Female 88 NA 112.9+2.47° 183.2+4.23° 340.945.26° 562.6+7.50° 946.5+9.69° 1310.5+9.9° 1537.1+10.8°
Feed type NA NA NS * **k*k **k*k *kk *kk
EP+ NA NA 200.6+4.22 375.845.312 652.6+£7.562 1058.7+9.782 1439.6+10.0% 1670.7+£10.9?
EP- NA NA 196.6+4.42 356.3+5.47° 555.0+7.80° 959.0+10.1° 1342.4+10.3° 1591.0+11.2°
Ecotype*Feed type NA NA NS NS * NS NS NS
Sinan, EP+ NA NA 176.5+7.24 331.849.0 650.3+12.8 982.8+16.6 1333.4£17.0 1545.1+18.4
Sinan, EP- NA NA 185.7+7.09 335.0+8.82 509.8+12.6 880.6+16.3 1261.8+16.7 1472.0£18.1
North Achfer, EP+ NA NA 205.1+6.71 403.0£8.35 660.9+11.9 1119.3£15.4 1533.2+15.8 1776.9+£17.1
North Achfer, EP- NA NA 202.1+7.24 391.949.0 594.1+12.8 1023.6£16.6 1412.2+17.0 1674.7+18.4
Jawi, EP+ NA NA 199.8+9.66 429.9£12.0 702.2+17.1 1163.2422.2 1586.6+22.7 1838.3+24.6
Jawi, EP- NA NA 179.9+8.77 383.3£10.9 619.2+15.5 1106.5£20.1 1515.1+20.6 1784.7+22.3
Dembecha, EP+ NA NA 220.9+10.0 338.5£12.5 597.2+17.8 969.4+23.0 1305.2+23.6 1522.7+£25.6
Dembecha, EP- NA NA 218.5+11.4 315.0+£14.2 497.0£20.3 825.3+26.2 1180.7+26.9 1432.4+29.1

BW= Body weight; LSM= Least square mean; CV= Coefficient of variation; NA= Not available; EP+ = Enteromorpha polysaccharide supplemented; EP- = Non-
supplemented; N= Number of chickens; 2>*Means across a row with different superscript letters denote significant differences at P <0.05; NS = Non-significant.
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The body weight difference between the ecotypes for both male and female chickens was
not clearly identified in most weeks of the starter phase, with some overlapping of the
trend observed (Figure 6.1). But, starting from around week seven, it became clearly
identified, and the Jawi and North Achefer male and female ecotypes showed consistently
higher body weight than the Sinan and Dembecha ecotypes (Figure 6.1).

2000 5
—=— Sinan (a)
1800 —&— North Achefer

—A— Jawi

1600 —w— Dembecha

1400 +

1200 H

1000

800

Body weight (g)

600

400 +

200 A

2000 (b)
1800
1600 +
1400
1200
1000

800

Body weight (g)

600

400 +

200 A

Weeks

Figure 6.1. The growth of chicks (body weight, g) at different ages for the four ecotypes;
(a) female; and (b) male chickens
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6.3.3. Ecotype and sex effect on average daily gain

The effect of ecotype and sex on average daily gain (ADG) is demonstrated in Figure 6.2.
The current study results indicate that the Jawi chicken ecotype showed a significantly
higher average daily gain at twenty weeks in both male (12.60+0.16 g) and female
(11.37£0.17 g) sexes compared to the other ecotypes (Figure 6.2). In all ecotypes, male
chickens exhibited significantly higher (p < 0.001) ADG at twenty weeks than their female

counterparts.
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Figure 6.2. The average daily gain (ADG) at 20 weeks for male and female indigenous
chicken ecotypes in Northwest Ethiopia

The ADG of chicken ecotypes in starter and grower phases is presented in Figure 6.3. In
the current study, Jawi and North Achefer ecotypes showed a significantly higher (p <
0.001) average daily gains than Sinan and Dembecha ecotypes in both phases. The ADG
ranged from 7.40+£0.25 g (Dembecha chicken) to 9.01+0.21 g (Jawi chicken) obtained
during the starter phase. In the grower phase, an ADG of 12.07+0.17 g (Sinan chicken) to
14.96+0.22 g (Jawi chicken) was recorded. In the present study, relatively a higher ADG
was obtained in the grower phase than in the starter phase for all ecotypes (Figure 6.3).
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Figure 6.3. The average daily gain of chickens in the starter phase (0-8 weeks) and grower
phase (9-20 weeks)

6.3.4. Feed effect on average daily gain and feed conversion ratio

The effects of EP supplementation on average daily gain and feed conversion ratio are
shown in Table 6.4. Chickens fed EP had significantly higher (p < 0.05) average daily
gains than chickens fed basal diet only. However, there were no significant differences
(p>0.05) in the average daily feed intake and feed conversion ratio between the treatment
groups (Table 6.4).

Table 6.4. The effect of EP on the growth performance of indigenous chicken ecotypes in
Northwest Ethiopia from five to twenty weeks of age fed on a commercial diet

Treatment group

Parameters Overall EP+ EP- y zflu o
LSM+SE LSM+SE LSM+SE

Initial body weight (g) 195+21.7 198+9.7 193+9.71 0.692

Final body weight (g) 1638+25.9 1678+11.6°  1599+11.6°  0.001

Average daily gain(g/day) 13.7+0.27 14.1+0.12%  13.4+0.12°>  0.003

ADFI (g/day) 69.7+1.67 69.9+0.74  69.5+0.74  0.690

Feed conversion ratio 5.08+0.18 4.96+0.08 5.19+0.08 0.083

ADFI, Average Daily Feed Intake; EP+, EP supplemented; EP-, non-supplemented; ®®Means across a row
with different superscript letters denote significant differences at P <0.05
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6.3.5. Survivability

The survivability ranged from 91.7% (Jawi ecotype) in week four up to 100% (Sinan
ecotype) from week one to week four (Figure 6.4). All Sinan chicken ecotypes survived.
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Figure 6.4. The percent survivability (from week one to week four) of indigenous chicken
ecotypes in Northwest Ethiopia

6.4. Discussions

The significant effects of ecotype on body weight at different ages might imply the genetic
difference of the ecotypes. The significant differences in body weight among the chickens
demonstrated that genetic influences are a major contributor to this trait (Mulugeta et al.,
2020). Similar results were reported by various scholars (Momoh et al., 2010; Siwendu et
al., 2013; Adedeji et al., 2015; Musa et al., 2015; Amin et al., 2017; Alemu et al., 2021;
Balcha et al., 2021; Negash et al., 2023), that body weight is significantly affected by
genotype. It is worth noting that the final body weights (20 weeks) obtained in this study
were higher than those reported by Halima et al. (2006) at 22 weeks and Tadele et al.
(2023) at 18 weeks in different parts of Ethiopia, but lower than those reported by
Adomako et al. (2014) for naked-neck chickens in Ghana at 20 weeks of age (1895.8 g).

84



The variations in final body weight between studies could be attributed to several factors,
including genetic makeup, environmental conditions, age, and feed quality. In line with
the current study, Muluneh et al. (2023) reported the highest body weight at about seven
months of age for North Achefer (1550+£0.01 g) and Jawi (1540+0.01 g) indigenous
chickens kept by farmers. The higher body weights obtained in the current study than in
the on-farm study could be due to the difference in management of these chickens.
Although Jawi ecotypes had the lowest body weight at hatch (day old), they showed the
highest body weight at the age of 20 weeks than other ecotypes. The possible reason for
the lowest day-old weight might be due to maternal influence due to the size/weight of the
egg (Momoh et al., 2010). The genetic potential of Jawi chicken could not be expressed at
a farmer level, but, in intensive management conditions due to the effect of
geneticxenvironment, the better genetic performance of the Jawi ecotype could be

expressed. Hence, the highest final body weight observed in this chicken ecotype.

The clearly identified body weight at the last weeks of the starter phase (weeks seven and
eight) and the grower phase but not in the majority of weeks of the starter phase implies
that there were differences in the growth rates of these ecotypes, with some exhibiting
faster growth rates than others. The observed body weight difference between male and
female chickens could be attributed to sexual dimorphism due to differences in the level of
male sex hormones and differences in nutritional requirements (Adeleke et al., 2011,
Benyi et al., 2015; Rotimi et al., 2016). In harmony with the current findings, Rajkumar et
al. (2017) and Negash et al. (2023) reported significant differences between male and
female birds, in which males showed a higher body weight than their female counterparts.

At week five (BW5), the difference between EP+ and EP- was not statistically significant,
and it indicated the effect of the polysaccharide in the physiology of the chicken not
having started at this stage. In line with the current study, Wassie et al. (2022b) reported
that EP-fed chickens had a higher (P < 0.05) final body weight compared with non-
supplemented chickens. The increase in body weight of EP-supplemented chickens
observed in this study might be due to an improvement in nutrient absorption through
improved gut morphology and function (Wassie et al., 2022b). Similarly, other studies
(Liu et al., 2020; Wassie et al., 2021b) have been showed the growth-promoting effects of
algae-derived polysaccharides. The absence of a statistically significant interaction effect

between ecotype and feed type on body weight during both the starter and grower phases,
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except at week 9 (the initiation of the grower phase), may be attributed to a distinct growth
trajectory difference. It is plausible that a particular ecotype or a specific combination of
ecotypes demonstrates a varied response to the feed type at this specific time point,
resulting in the observed statistical significance. The physiological developmental
variations due to genetic difference among ecotypes might lead to differences in feed
absorption, consequently yielding a significant interaction effect of ecotype and feed type

on body weight.

The significant effect of ecotype and sex on ADG suggests the presence of genetic
differences and sex dimorphism in this important trait, in line with previous studies by
Wondmeneh (2015), Bamidele et al. (2020), Shewangizaw et al. (2022), Negash et al.
(2023), and Tadele et al. (2023). However, the study by Benyi et al. (2015) reported
contradictory results, with no observed influence of genotype on body weight gain during
the starter period. Although the Dembecha and Sinan ecotypes had a higher day-old body
weight than the Jawi ecotype, their ADG was lower than that of the Jawi ecotype. This
suggests that high early weight does not necessarily translate to the highest weight gains
later in a chicken's life. Consistent with our findings, Benyi et al. (2015) reported a
significant effect of sex on body weight gain. Notably, Negash et al. (2023) also reported a
significant effect of sex on body weight gain, with male chickens exhibiting greater gains
than females at eight weeks and beyond. Similar to the current study, Mohammed and Dei
(2017) recorded an ADG of 7.8 g for the first eight weeks of local Guinea fowl brooded
under an intensive management system. On the other hand, Sanka and Mbaga (2014)
reported an ADG of 15.2 g in Tanzania for local male chickens under intensive
management at 27 months of age. The variation in average daily gain (ADG) between the
current chicken ecotypes, among others, can be attributed to a combination of genetic
factors, environmental factors (such as feeding and stress), and compensatory growth.
These differences in ADG are influenced by variations in the genetic regulation of growth
hormones such as growth hormone (GH) and insulin-like growth factors (IGFs) pathways,
as well as genetic variations related to skeletal and muscular development, energy
metabolism, and nutrient absorption and utilization pathways. Chicken genotypes with the
highest body weight had the highest body weight gain, and the lightest genotypes gained
the least body weight (Khawaja et al., 2013). Even though the study was conducted in a

different environment, researchers such as Osei-Amponsah et al. (2012), Tolasa (2021),
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and Negash et al. (2023) found that the heaviest chickens gained more weight than the

lightest ones.

The increase in feed consumption, improved digestive capacity, and hormonal changes
might be the reasons for a higher ADG in the grower phase than the starter phase. In
accordance with this, Momoh et al. (2010) reported a relatively higher ADG during the
grower phase. In contradiction to this, Zelleke et al. (2022) reported a higher weight gain
during the starter phase, and the author stated that the ADG in the grower phase decreased
due to the reduction of crude protein to 18.5%. The difference in the value of ADG
between the starter phase and the grower phase in different studies might be due to the
difference in the genetic makeup and composition of feed provided for chickens at these
phases. The proportion of each nutrient composition could affect the ADG, and if the
chicken is provided with the required amount of nutrients, such as crude protein, any

further increase in the nutrient will not increase the ADG.

The significantly higher average daily gains of EP supplemented chickens than chickens
fed basal diet only indicate that adding EP to the diet might help to improve growth
performance of chickens. Similar findings were reached that polysaccharides produced
from algae, including EP could enhance growth performance in chicken (Ribeiro et al.,
2013; Evans & Critchley, 2014; Liu et al., 2020; Wassie et al., 2021b). The growth
promoting effect of EP may be associated with its enhancement of nutrient absorption by
improving intestinal function and morphology, such as by preserving the integrity of the
intestinal barrier, promoting the growth of beneficial bacteria in the intestine, by
suppressing inflammation, and promoting the growth of intestinal villi and crypts (Wassie
et al., 2021b). Stimulation of digestive enzyme activities (Long et al., 2020), promotion of
nutrient digestibility (Liu et al., 2019), and the absorption of amino acids (Kong et al.,
2009) might be the reasons for the growth-promoting effects of polysaccharides.

The mortality rate of 3.4% (Dembecha ecotype at week three) to 8.3% (Jawi ecotype at
week four) was in good agreement with the rates reported by Adomako et al. (2014) and
Zelleke et al. (2022), which were 7.89-9.1% and 5.3-9.3%, respectively. Contrary to the
present study, Halima et al. (2006) reported a higher mortality rate ranging from 52.8-
82.4% in indigenous chicken lines in Northwest Ethiopia. The overall lower mortality rate

in the current study could disprove the suggestion reported by Halima et al. (2006), which
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says the confinement of the indigenous chickens results in high stress levels and high
morbidity and mortality. The variation in survival rate between the current ecotypes and
other genotypes reported by earlier researchers (Lemlem & Tesfay, 2010; Shewangizaw et
al., 2021; Zelleke et al., 2022) could be due to genetic differences, maternal immunity,

stress response, or adaptation.

6.5. Conclusion and Recommendations

In conclusion, the study findings indicate that the Jawi and North Achefer ecotypes
exhibited better growth performance, while the Sinan ecotype demonstrated relatively
higher survivability compared to the other ecotypes. Additionally, the supplementation of
EP was found to improve the growth performance of chickens. Before going to the extent
of importing exotic chicken breeds, the maximum productivity of the indigenous chickens
should be known by improving their environment, such as feed, and using optimum

selective breeding.
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CHAPTER 7: ANTICOCCIDIAL EFFICACY OF ENTEROMORPHA
PROLIFERA POLYSACCHARIDE IN INDIGENOUS CHICKENS OF
NORTHWEST ETHIOPIA
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Abstract

A variety of bioactive compounds isolated from various botanical sources have been found
to have therapeutic and immunotherapeutic effects on chicken coccidiosis. This study
aimed to evaluate the anticoccidial potential of Enteromorpha polysaccharide (EP) in
indigenous chickens in Northwest Ethiopia. A total of 78 male indigenous chickens were
used for this study. The study had two treatment groups: 1) the EP non-supplemented
group (those fed on diets without EP and Eimeria oocyst inoculated), and 2) the EP group
(those receiving diets supplemented with 400 mg EP/kg diet and Eimeria oocyst
inoculated). Each treatment group had five replications. Following fourteen days of EP
supplementation, 1.5x10%ocysts of mixed Eimeria species were inoculated into

individual birds. Results indicated that EP supplemented chicken showed significantly
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lower (P<0.05) oocyst counts compared to non-supplemented ones on 9 and 11 days post-
challenge. In addition, chickens in the EP supplemented group showed less severe lesion
scores, with an average score of 1.33. Chickens that received EP showed a maximum of
27.27% protection against lesions. In contrast, the non-supplemented chickens had a lower
percentage of protection (19.83%). A relatively higher anti-coccidial index value (147)
was obtained from EP-supplemented chickens. Chickens in the EP supplemented group
exhibited a significantly higher (P<0.05) weight gain. Overall, the inclusion of
Enteromorpha polysaccharide in chickens' diets shows promise as a potential anticoccidial
strategy. However, additional research is required to explore the mechanisms by which
Enteromorpha polysaccharide in chickens’ diet could involve in increasing the protection

ability of chickens against coccidiosis.

Keywords: Anticoccidial, Chicken, Coccidiosis, Efficacy, Enteromorpha polysaccharide

7.1. Introduction

Avian coccidiosis is an important apicomplexan parasitic disease of poultry birds, having a
negative correlation with the bird's ability to reproduce and perform well in terms of
growth (Mumtaz et al.,, 2021). The immune suppression may be brought on in a
subclinical form, followed by secondary diseases (Shahid et al., 2020). It is one of the
main infectious diseases that affect chicken production efficiency and is spread by Eimeria
(a type of protozoa), having different species (Chapman, 2002). It has been established that
seven host-specific Eimeria species; E. acervulina, E. maxima, E. tenella, E. brunetti, E.
necatrix, E. praecox, and E. mitis are responsible for economic losses in chickens (Blake
et al., 2020). In every region of the world, coccidiosis results in a significant financial loss
for the production of poultry. This parasitic disease could cause an estimated global
economic loss of 2.4-3 billion dollars per year (Kadykalo et al., 2018; Gordillo Jaramillo
et al., 2021; Rizwan et al., 2022; Zhang et al., 2023). Inadequate ventilation, the presence
of sporulated oocysts in the environment for long period, the absence of an all-in-all-out
system, and additional stressors such as dietary changes and immunosuppressive effects

are all potential risk factors for this disease (Adjei-Mensah & Atuahene, 2023).

Anticoccidial drugs and vaccinations are the main contributors to the prevention and

control of this issue but with varying degrees of success (Khater et al., 2020). Due to the
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associated drawbacks of existing control tactics, such as the growth of drug-resistant
strains, the high cost of vaccines, and drug residues in meat and eggs, there is also a
growing concern about the use of alternative control approaches (Awais et al., 2011). The
most popular and widely used technique for the prevention and control of avian
coccidiosis is the use of preventive and therapeutic anticoccidial medications (Snyder et
al., 2021). Numerous alternative methods of control, such as the utilization of probiotics,
organic acids, essential oils, and antioxidants, are presently the subject of investigation
(Kalkal et al., 2021; Raza et al., 2022). Nevertheless, polysaccharides derived from plants,
algae, and cereals, such as the polysaccharide extract from Enteromorpha prolifera, are
gaining increasing attention in comparison to these alternative extracts and substances.
This heightened interest is attributed to their potential for wide-ranging effectiveness and
non-specific immunity. Recent research has underscored the importance of
polysaccharides obtained from various plant origins, showcasing their varied biological
functionalities. These encompass hypolipidemic, hypoglycemic, antioxidant, anti-tumor,
anti-viral, anticoagulant, anti-inflammatory, and immunomodulatory properties (Ahmad,
2021; Long et al., 2021; Luo et al., 2021; Zhu et al., 2021). In addition, they represent
prevalent and significant biological macromolecules present in plants, and they are

generally acknowledged as safe with minimal toxicity (Ahmad, 2021).

Enteromorpha prolifera (E. prolifera) is a seaweed-green algae with a long history of use
as a traditional medicine and food (Wassie et al., 2021b). One of the primary biologically
active components of E. prolifera is a sulfated polysaccharide, which is responsible for the
immune-modulating, hypolipidemic, antitumor, anti-aging, antibacterial, anticoagulant,
antiviral, and anticancer properties (Wassie et al., 2021b; Zhang et al., 2022). Previous
studies indicated that chickens fed seaweed polysaccharides performed better in terms of
growth and production, breast muscle yield, egg quality, antioxidant capacity, and
intestinal morphology (Guo et al., 2020; Liu et al., 2020; Liu et al., 2021; Wassie et al.,
2021b; Zhao et al., 2021). Even though several bioactive molecules, such as
polysaccharides extracted from various botanical sources, have been discovered for their
therapeutic and immunotherapeutic effects on chicken coccidiosis, the anticoccidial effects
of Enteromorpha prolifera polysaccharide (EP) have not yet been well investigated.
Therefore, this study aimed to evaluate the anticoccidial potential of EP in chickens.
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7.2. Materials and Methods

7.2.1. Study location

The experiment was conducted at Zenzelima campus of Bahir Dar University, located in
Northwest Ethiopia at 11° 37’ north latitude and 37° 29’ east longitude and an elevation of
1912 meters above sea level (Figure 3.2).

7.2.2. Source of Enteromorpha polysaccharide (EP)

The EP, extracted from the marine algae E. prolifera, provided by Qingdao Seawin
Biotechnology Group Co., Ltd. (Qingdao, China) was used for the experiment. The EP
was extracted following a procedure previously reported by Liu et al. (2021). Accordingly,
the water-soluble sulfated polysaccharides of EP were extracted from E. prolifera using an
enzymatic method. Briefly, the algae were washed in distilled water, dried at 60°C, and
then minced to create homogenate powder. After the algae powder was soaked in water, it
underwent a step-by-step enzymatic treatment using pectinase, cellulase, and papain at
50°C for 1.5 hours. To obtain the polysaccharide products, the enzyme reaction was first
inactivated by heating the reaction at 90 to 100 °C for 10 minutes, followed by an
instantaneous cooling on an ice bath, centrifugal concentration, ethanol precipitation, and
spray drying (Lv et al., 2013). High-performance liquid chromatography (HPLC), in
accordance with the previously reported protocols (Yu et al., 2017), was used to determine
the monosaccharide composition. According to the HPLC analytical findings, the EP
employed in this study contained the monosaccharides rhamnose (Rha), glucuronic acid
(GlcA), xylose (Xyl), glucose (Glc), and galactose (Gal), with the molar percentages being
40.6%, 38.2%, 9.3%, 5.6%, and 6.3%, respectively.

7.2.3. Preparation of parasite for infection

Fecal samples were collected from the local chicken suspected of being naturally infected
with coccidiosis around Bahir Dar, Ethiopia. The samples were checked for the presence
of coccidial eggs (oocysts) using the floatation technique, following the procedure used by
Wondimu et al. (2019). The absence of other protozoal oocysts and helminth eggs were

checked during various stages of examination, such as direct fecal smear and flotation
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techniques, sporulation assessment, and oocyst dose estimation using the McMaster egg
counting slide. To ensure the uniform concentration of Eimeria oocysts in all chicken
droppings, we thoroughly mixed all positive samples using a pestle and mortar, adding
2.5% potassium dichromate (K2Cr.O7) for sporulation using the standard guidelines
provided by Ryley et al. (1976). The sporulation of oocysts was confirmed with direct
microscopic examination. The number of oocysts per gram (OPG) of droppings was
estimated using the McMaster slide. Sporulated oocysts were washed with phosphate-
buffered saline and used in the challenge experiment by adjusting the dose to 1.5x10* with
phosphate-buffered saline (PBS) following previous studies by Reid (1970) and Chapman
(2002). Each challenge dose was taken with shaking to prevent variations in the number of

oocysts in the suspension.

7.2.4. Experimental design and chicken management

A total of 78 adult indigenous male chickens were used in the study. Until they reached
this age, they were kept in an intensive management system and received vaccinations for
the major diseases (Marek's, Newcastle Disease, Gumboro, Fowl Typhoid, and Fowl Pox)
as per the recommended vaccination schedule, and they also received treatment as
required. The chickens were fed a commercial starter ration (up to week 8) and a grower
ration (from week 9 to week 20), which were obtained from Alema Koudjis Feed PLC.,
and they were given clean and fresh water ad libitum. Prior to allocation to each pen, the
body weights of all chickens were measured and then chickens were randomly assigned
into two treatment groups consisting of 39 chickens each, with five replications using a
Completely Randomized Design. The body weight of the chickens in each treatment group
was kept similar. Eight chickens were allocated to each pen, except for two pens that
contained seven chickens each. The first group (Control group) was fed a commercial
ration, and the second group received a commercial ration supplemented with 400 mg
EP/kg diet (EP group), according to the recommended dose (Guo et al., 2020), for 14
consecutive days. The amount of feed was adjusted weekly by considering the
developmental stages of the chickens (NRC, 1994). Chickens were checked for coccidiosis
before the start of the experiment and after fourteen days of the start of the experiment, the
EP supplemented and non-supplemented groups were infected with 1.5x10%0ocysts of

mixed Eimeria, including E. acervulina, E. necatrix, E. maxima, and E. tenella per bird
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with PBS. The body weight of chickens was recorded before inoculation, and on the 121
day post-inoculation (the final body weight). Since egg shedding was expected after four
days (Mesa-Pineda et al., 2021), a fecal (dropping oocyst) count was taken on days 5, 7, 9,
11, and 12 post-inoculation. A total of 24 chickens (12 from the EP supplemented group
and 12 from the non supplemented group) were slaughtered for small intestine and ceca

lesion evaluation.

7.2.5. Data collection

The anticoccidial efficacy of EP was assessed based on body weight gain, feed conversion
ratio (FCR), survival rate, oocyst value, lesion score, percent protection against lesions,
and, the anti-coccidial index (ACI). The initial body weights (IBW) and final body weight
(FBW) were used to calculate the average daily gain (ADG).

ADG = (FBW — IBW)/(No. of experimental days).

Feed offered and feed leftovers were measured daily using a sensitive balance to calculate
the average daily feed intake (ADFI) and feed conversion ratio (FCR). FCR was
calculated as ADFI/ADG. The survival rate was estimated by dividing the number of
survived chickens by the initial number of chickens. The relative weight gain rate was
determined by dividing the weight gains by initial body weights. The oocyst value was
calculated using the formula described previously (Shah et al., 2010). The percent
protection against lesions was calculated using the formula;

Protection against lesions% = (IUG — ITG/IUG) x 100; Where IUG = Infected
Untreated/EP Non-supplemented Group; ITG = Infected Treated/ EP supplemented Group
(Khaliqg et al., 2017). Lesion scores of the chickens from both groups were calculated by
the method of Reid (1970); 0 for healthy or showing no signs of infection; 1 for mild
lesions; 2 for moderate lesions; 3 for severe lesions; and 4 for extremely severe lesions.
The Anti-coccidial index (ACI) was calculated based on the formula described by Zhi-
Qiang et al. (2022):

ACI = (relative weight gain rate + survival rate)- (lesion rate + oocyst rate).

7.2.6. Statistical analysis

The collected data were analyzed by using R 4.1.3 software through the Mann-Whitney U

test. Origin software was used to construct graphs. Data presented as a percentage, index
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value, and mean value was considered statistically significant when P < 0.05. The model
used for statistical analysis was:
Yij= u + Fi +eij, Where:

Yij= the response variable

u = the overall mean;

Fi = the fixed effect of feed type (i= EP supplemented and non-supplemented);

eij = the effect of random error.

7.3. Results

7.3.1. Oocyst count

The EP administered chickens showed significantly lower (P<0.05) oocyst counts as

compared to non-supplemented chickens on days 9 and 11 post-challenge (Figure 7.1).
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Figure 7.1. Oocyst per gram of droppings in Enteromorpha polysaccharide (EP)
supplemented (EP*) and non-supplemented (EP") chicken groups challenged with Eimeria
species
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7.3.2. Lesion scores and protection against lesions

Chickens from the EP supplemented group had significantly lower (P < 0.05) severe lesion
score (1.33) than non-supplemented ones, which showed a relatively higher lesion score
(1.83). A significant (P < 0.05) higher percent protection against lesions (27.27%) was

observed in chickens supplemented with EP than non-supplemented chickens (Table 7.1).

Table 7.1. The lesion scoring and percent protection against lesions for Enteromorpha
polysaccharide (EP) supplemented (EP+) and non-supplemented (EP-) chicken groups

Total lesion scoring of chickens Protection against
Treatment groups 0 1 2 3 4 lesions (%)
EP* 0 8 4 0 0 27.27%
EP 0 2 10 0 0 19.83°

abMeans across a row with different superscript letters denote significant differences at P <0.05; A lesion
score from 0 (No lesion) to 4 (extremely sever lesion) was given based on Reid (1970)

7.3.3. Anti-coccidial indices

Relative weight gain rate, survival rate, lesion value, and oocyst value were determined to
calculate the anti-coccidial index (Table 7.2). A relatively higher anticoccidial index value
(147) was obtained from EP-supplemented chickens than from EP-non-supplemented
chickens.

Table 7.2. Anticoccidial evaluation parameters used for calculation of ACI in
Enteromorpha polysaccharide (EP)-supplemented and non-supplemented indigenous
chickens of Northwest Ethiopia

Parameters Treatment groups

EP* EP
Relative weight gain rate (%) 53.0 25.0P
Survival rate (%) 100 100
Lesion value 1.33° 1.83°
Oocyst value 4.68 4.91
Anti-coccidial index (ACI) 147 118

abMeans across a row with different superscript letters denote significant differences at P <0.05
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7.3.4. Post-challenge average daily gain and feed conversion ratio

The average daily weight gains and feed conversion ratio of EP supplemented and non-
supplemented chickens during the coccidiosis challenge were calculated (Figure 7.2). The
weight gain difference between chickens in the EP* group and EP~ group was statistically
significant (P < 0.05) but EP supplementation had no significant effect on the FCR of
chickens.
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Figure 7.2. The average daily gain (ADG) and feed conversion ratio (FCR) of EP
supplemented (EP*) and non-supplemented (EP’) chicken groups during the coccidiosis
challenge

7.4. Discussions

Previous findings demonstrated that sulfated polysaccharides from marine algae elicit a
variety of biological actions, including immune modulation, antioxidant, anti-diabetic, and
hypolipidemic effects, in addition to its usage as food and traditional medicine (Wassie et
al., 2021a).
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In the current study, the chickens fed EP had relatively reduced oocyst counts. Similar
results were obtained by another study that focused on various plant-derived
polysaccharides and herbs (Ullah et al., 2014; Ali et al., 2019; Zhang et al., 2020). The
activation of antioxidant enzymes, such as superoxide dismutase (SOD) and catalase
(CAT) by EP may have an anti-sporulation impact by interfering with the parasite life
cycle, such as blocking oxygen access and inhibiting certain sporulation-related enzymes.
The TLR4, and NF-B signaling pathways are activated by EP supplementation, which
prompts an immunological response (Zhang et al., 2022). The reduced oocyst count in the
chickens receiving EP supplements might be related to the improvement of cytokines (IL-
2, IL-4, and IFN-y) mRNA expression and Toll-like receptor (TLR-4) genes, which
increase mucosal immunity. In another study, Zhi-Qiang et al. (2022) reported that 1L-2,
IFN-y, and IL-17 cytokines play important roles in resistance to coccidiosis infection.

The chickens fed EP had fewer intestinal lesions compared to the EP non-supplemented
chickens. Similar conclusions were made by Ullah et al. (2014) and Amerah and
Ravindran (2015), who reported that chickens fed different plant-derived polysaccharides
and compounds, exhibit lower lesion scores than control ones. According to Khaliq et al.
(2017), the effects of polysaccharides on the microbes of the intestinal tract, reduced
bowel putrefaction that subsided or decreased inflammation, or the lining of the intestine
layer with aloe biomolecules could all be contributing factors to these less severe intestinal
lesions. In a previous investigation, mucin-2 and occluding-1 mRNA expressions were
shown to be increased in the ileum and jejunum of chickens receiving EP supplements
(Wassie et al., 2021b). This phenomenon could decrease the intestinal lesion in EP-
consuming chickens as the mucus secreted by mucin-2 protects the epithelial cells from
pathogenic microbes. Dietary supplementation of plant-derived polysaccharides increases
the serum concentration of IgA (Zhang et al., 2022). This IgA can lessen the number of
bacteria by binding them to the designated antigens, limit their access to the mucosal
membrane of the intestine, and also lessen the severity of lesions (Kulkarni et al., 2010).

A higher percent protection against lesions was observed on chickens supplemented with
EP than non-supplemented chickens. Previous studies also reported that A.vera
polysaccharides increased intestinal macrophage and T-lymphocyte activity to prevent the
penetration of Eimeria species, leading to higher protection rates and lower lesion scores

in infected birds (Khalig et al., 2017). EP supplementation could increase caecal Short

98



Chain Fatty Acids (SCFAs) content, especially acetate, butyrate, and propionate,
indicating that EP improved caecal metabolites (Wassie et al., 2021b). The SCFAs,
particularly butyrate, and propionate, provide energy for the immune cell by triggering
intestinal gluconeogenesis and enhancing the synthesis of inflammatory and effector
cytokines and antigen presentation (Shi et al., 2011). The relatively higher percent
protection against lesions in chickens supplemented with EP might be due to the
enhancement of SCFAs in the gut that contributes to intestinal immune response and gut
barrier function (Yu et al., 2004). The anti-coccidial index (ACI) reflects the
comprehensive ability of any compound against coccidial infection. According to Zhi-
Qiang et al. (2022), values lower than 120 depict that the compound or drug has no
anticoccidial activity, whereas a medium effect ACI is between 120 and 160; a good effect
ACI is between 160 and 180; and an excellent effect ACI is more than 180. In the present
study, EP administered chickens exhibited an ACI value of 146.98, so EP can be
considered a partially effective therapeutic/immunotherapeutic regime against coccidiosis.
An ACI value of 118.26 was also recorded for EP~ chicken group, which could be due to
the self-limiting nature of the Eimeria infection in chicken due to genetic and

environmental factors, such as host age and infective dose.

In the current study, the EP group exhibited relatively a higher average daily weight gain
post- challenge. Similarly, Awais et al. (2018) reported higher daily weight gains in
chickens administered with polysaccharides from sugarcane bagasse. Improvement of
intestinal health in EP administered groups might be the reason for their relatively higher
weight gain. The non-significant difference in feed conversion ratio among treatment
groups might be due to the effect of other environmental factors, such as feed intake and

nutrient utilization.

7.5. Conclusions and Recommendation

The results of this study suggest that incorporating Enteromorpha polysaccharides into the
diet of chickens may serve as an effective anticoccidial strategy. Therefore, the current
findings provide new insights for using EP as an immune stimulant in chickens. However,
further investigations focusing on microbiota profiles are necessary to elucidate the

underlying mechanism of action.
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CHAPTER 8: GENERAL DISCUSSION

The study encompassed a multifaceted exploration of indigenous chicken production in
Northwest Ethiopia, shedding light on crucial aspects ranging from selection criteria and
husbandry practices to morpho-biometric characteristics of indigenous chickens, growth
performance evaluation, and anticoccidial efficacy of Enteromorpha prolifera
polysaccharide. The interconnected objectives of the study form a cohesive framework
aimed at enhancing sustainable indigenous chicken production. By delving into the
selection criteria and husbandry practices of indigenous chicken producers, the study
provides insights into locally adapted breeding and management strategies crucial for
maintaining genetic diversity and resilience. Morpho-biometric characterization further
aids in understanding the phenotypic diversity within indigenous chicken ecotypes,
facilitating informed breeding decisions for improved productivity and adaptability.
Evaluating the effects of ecotype and Enteromorpha prolifera polysaccharide
supplementation on growth performance not only enhances efficiency but also highlights
sustainable practices that optimize resource utilization and health outcomes. Lastly, the
assessment of anticoccidial efficacy addresses a critical aspect of disease management,
promoting healthier flocks and reducing reliance on conventional medications, thereby
contributing to the long-term sustainability of indigenous chicken production. Together,
these objectives underscore the importance of a holistic approach that integrates traditional
knowledge with scientific advancements to foster resilience, productivity, and welfare in
indigenous chicken farming systems, ensuring a sustainable future for the chicken
production sector.

Indigenous chicken producers in Northwest Ethiopia prioritize egg production potential
and better growth rate for income generation when selecting their breeding stock. These
priorities were influenced by agro-ecology which shapes their trait preferences and
breeding goals to align with local conditions and farmer needs, ultimately enhancing flock
productivity and sustainability (Desta & Wakeyo, 2024). Nutritional regimens, housing
setups, and vaccination strategies are crucial for sustainable chicken farming. The
diversity in chicken flock compositions reflects varied breeding objectives impacting egg
production, genetic diversity, and fertility. Socio-cultural influences and farming

imperatives shape farmers' preferences regarding plumage color, breeding practices, and
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culling criteria in Ethiopia, with a focus on traits like plumage color and body weight,
particularly favoring red plumage (Tilahun et al., 2022; Muluneh et al., 2023). Farmers'
choices regarding plumage color, breeding practices, and culling criteria are influenced by
economic motives, cultural values, and the perceived resilience of local chickens to
diseases (Kapella et al., 2023). Challenges such as inbreeding, disease susceptibility, and
predation risks underscore the importance of extension services, awareness campaigns,
and vaccination drives to ensure chicken welfare. The integration of traditional and
modern medicinal practices showcases farmers' adaptability in managing their flocks'

health demands.

The morpho-biometric study reveals prevalent traits among indigenous chicken ecotypes
in Northwest Ethiopia. Variations in body measurements among indigenous chickens from
different locations stem from factors like agro-ecology, management practices, and genetic
makeup. It is worth noting that while agro-ecology plays a crucial role, the management
practices employed by farmers and the genetic diversity of the chicken populations are
also influential factors. Consequently, in the current study, the emphasis on analyzing
differences based on location rather than agro-ecology is justified by the distinct variations
observed within apparently similar agro-ecological settings. Environmental conditions
significantly influence the distinct morphological traits of indigenous chickens,
demonstrating variations in body size and shape influenced by factors like altitude
(Melesse et al., 2021; Kebede et al., 2024). Management strategies such as breeding and
feeding practices significantly impact the growth and development of indigenous chickens,
leading to observable differences in body measurements across regions (Muluneh et al.,
2023; Xie et al., 2024). The interplay of management practices with local ecological
conditions complicates phenotypic outcomes, emphasizing the genetic factors' role in
indigenous chickens' adaptability, with genetic diversity crucial for survival in different
environments. Genetic makeup, management practices, and genetic diversity collectively
shape the phenotypic characteristics of indigenous chicken populations. Farmers'
preferences for plumage color influenced by socio-cultural factors and market demands,
may confer survival advantages through signaling and potential links to foraging
efficiency. Specific genes influence color traits, suggesting a genetic basis for coloration
variations. The presence of carotenoid pigments in plumage reflects foraging success and
stress management abilities, further associating color with foraging efficiency. Varied

morphological traits, such as earlobe colors, comb types, and head shapes underline the
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genetic diversity and environmental influence on indigenous chicken populations, with
location-specific variations and sex disparities highlighted through discriminant analyses

and clustering methods.

The performance evaluation study emphasized the significant impact of ecotype on body
weight and growth patterns, reflecting the underlying genetic diversity. Genetic factors
were identified as crucial determinants of variations in body weight, aligning with
previous research findings. A study on Chinese indigenous chickens highlighted key genes
like NELL1, XYLT1, and NCAPG/LCORL, which are strongly associated with body
weight traits (Wang et al., 2023). In Ghanaian local chickens, high heritability estimates
(0.51-0.69) for body weight traits were discovered, with specific genomic regions
explaining a substantial portion of genetic variance (Kanlisi et al., 2022; Kanlisi et al.,
2024). Research on Mazandaran indigenous chickens revealed sexual dimorphism in body
weight, with distinct heritability estimates for males and females, suggesting independent
selection potential (Esmaeili et al., 2024). A genome-wide study across four Chinese
breeds indicated a polygenic basis for body weight, with different genetic loci contributing
to phenotypic variability, underscoring the necessity for tailored breeding strategies (Yuan
et al., 2018). Variations in growth rates and average daily gain (ADG) underscored the
complex interplay of genetic factors, environmental influences, and hormonal dynamics.
Supplementation with Enteromorpha polysaccharides showcased a significant impact on
growth performance by enhancing nutrient absorption and growth trajectories. Studies
demonstrated that Enteromorpha polysaccharide supplementation led to improved ADG
and feed conversion ratios in broilers, particularly under heat stress conditions (Liu et al.,
2020; Liu et al., 2023). Dietary inclusion of EP-Zn was shown to notably increase body
weight and muscle antioxidant activity while enhancing amino acid digestibility (Wassie
et al., 2022). The positive effects of EP supplementation extended to the expression of
genes related to amino acid transport and metabolism, ultimately improving nutrient
absorption (Zhao et al., 2021; Wassie et al., 2022). Additionally, EP supplementation was
associated with enhanced intestinal barrier function, crucial for effective nutrient
absorption, and contributed to reduced oxidative stress and improved gut health, ultimately

supporting growth performance (Liu et al., 2020; Akter et al., 2024).

Research on the anticoccidial efficacy of Enteromorpha prolifera polysaccharide

highlighted its potential in mitigating coccidiosis infections in indigenous chicken
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ecotypes. The study revealed reduced oocyst counts, diminished intestinal lesions, and
enhanced weight gain, indicating the moderate anticoccidial effects of Enteromorpha
polysaccharide supplementation. The immunomodulatory properties of Enteromorpha
polysaccharides were suggested to enhance immunity, activate antioxidants, and promote
gut health. Dietary supplementation of EP was found to increase the immune organ index
and levels of key immune markers such as secretory immunoglobulin A (SIgA),
interferon-gamma (IFN-y), and interleukin-2 (IL-2) in broilers, boosting their response to
infections and vaccinations (Sun et al., 2017). Under heat-stressed conditions, EP
improved the expression of tight junction proteins, reducing intestinal inflammation and
apoptosis, crucial for maintaining gut health (Liu et al., 2023). The inclusion of EP in the
diet was associated with increased activities of antioxidant enzymes like superoxide
dismutase and catalase while decreasing malondialdehyde levels, indicating reduced
oxidative stress (Liu et al., 2020; Liu et al., 2023). EP also positively influenced the
composition of gut microbiota, promoting beneficial bacteria like Lactobacillus, known to

enhance growth performance and gut integrity (Jiang et al., 2023; Liu et al., 2023).
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CHAPTER 9: GENERAL CONCLUSIONS AND RECOMMENDATIONS

Farmers’ attention is given to morphological traits when choosing chickens for breeding,
in addition to egg production and growth rate. Cash generation through the sale of eggs
and male chickens is the primary purpose for keeping chickens. Agro-ecologies
significantly affect nutritional management, housing, flock composition, and brood
modification methods. It has also a slight influence on trait preferences, management
practices, and breeding objectives of indigenous chicken owners. To design a sustainable
breeding program for indigenous chickens, it is essential to consider farmers' production
objectives and trait preferences specific to the production environment and agro-ecology,
and emphasize economically important traits alongside morphological traits (Chapter 4).
The univariate and multivariate analysis of phenotypic traits identified morphological
differences among indigenous chickens from different districts, allowing the classification
of the study area's indigenous chickens into four ecotypes: ecotype 1 (Banja, Dembecha,
and Aneded), ecotype 2 (North Achefer), ecotype 3 (Sinan), and ecotype 4 (Jawi). To
strengthen the current findings, molecular-based characterization studies should be
conducted (Chapter 5).

The study findings indicate that the Jawi and North Achefer ecotypes exhibited superior
growth performance, while the Sinan ecotype demonstrated relatively higher survivability;
furthermore, the supplementation of EP was found to enhance the growth performance of
chickens. Prior to considering the importation of exotic chicken breeds, it is advisable to
optimize the productivity of indigenous chickens by improving their environment,
including feed quality and implementing optimal selective breeding practices (Chapter 6).
The study results suggest that the incorporation of EP into chicken diets can be an
effective strategy against coccidiosis and highlight the potential of EP as an immune
stimulant in chickens. However, further research on microbiota profiles is needed to
understand the underlying mechanism of action and optimize the application of EP in

poultry production (Chapter 7).
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APPENDIX

Appendix Tables

Appendix Table 1. Household characteristics of indigenous chicken producers in
Northwest Ethiopia

Agro-ecology

Variable Highland, Midland, Lowland, Overall
N=120 N=120 N=120
N % N % N % N %
Sex structure
Male 105 87.5 102 85 103 85.8 310 86.1
Female 15 12.5 18 15 17 14.2 50 13.9

27?=0.325N%: Cramer’s V=0.03
Age structure

<31 years 21 17.5 24 20 11 9.2 56 15.6
31-40 years 41 34.2 38 317 47 39.2 126 35
41-50 years 32 26.7 36 30 47 39.2 115 319
51-60 years 12 10 17 14.2 9 7.5 38 10.6
>60 years 14 11.7 5 4.2 6 5 25 6.9

)(22119.27'\'5; Cramer’s V=0.407
Education status

Illiterate 56 46.7 39 325 68 56.7 163 45.3
Write and read 58 48.3 76 63.3 48 40 182 50.6
Grade 10 and 6 5.0 5 4.2 4 3.3 15 4.2
above

X2=]4.853**; Cramer’s V=0.144
Farming activity

Livestock 6 5.0 11 9.2 3 2.5 20 5.6
production

Crop production 5 4.2 9 7.5 1 0.8 15 42
Both 109 90.8 100 833 116 96.7 325 90.3

){2:12.448*; Cramer’s V=0.132

N= Number of households; NS=Non-significant;*P<0.05;**P<0.01
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Appendix Table 2. Coefficient of correlation between body weight and linear body measurements (above diagonal for female chickens and
below diagonal for male chickens)

BW WS SL BL BKL NL CL SC CcC TC CH
BW 0.51***  0.51***  0.49***  0.14***  0.28***  0.35***  0.22***  0.69***  0.53***  0.21***
WS 0.78*** 0.46***  0.49***  0.23***  0.48***  0.09** 0.43***  0.47***  0.39***  0.12***
SL 0.64***  0.64*** 0.43***  0.19***  0.13***  0.07* 0.09** 0.39%**  0.35***  (.06MS

0.24***  0.42***  0.09** 0.15***  0.41***  0.40***  0.49***
0.34***  0.11***  0.31***  0.23***  0.17***  0.14***
0.15%**  0.38***  0.28***  0.24***  0.02"°
0.06MNS 0.24***  0.28***  0.69***
0.25%**  0.21***  -0,06NS
0.49***  (.12***
0.13***

BL 0.69***  0.70***  0.62***
BKL | 0.22***  0.19***  0.38***  0.16**
NL 0.37***  0.31***  0.17** 0.22*%**  -0,01NS
CL 0.36***  0.38***  043***  0.35%**  (,07NS 0.27***
SC 0.30%**  0.19%**  0.35%** (. 24*** (0. 24***  (,02NS 0.29***
CcC 0.84***  0.72***  0.61***  0.60***  0.16***  0.29***  0.36***  0.27***
TC 0.75%**  0.66***  0.45***  0.58***  0.07N® 0.45***  0.61***  0.20***  0.72***
CH 0.27***  0.26%**  0.27***  0.20***  -0.04NS 0.13* 0.63***  0.20%**  0.23***  0.43***

BW= Body weight; WS = Wing span; SL = Shank length; BL = Body length; BKL = Beak length; NL = Neck length; CL = Comb length; SC = Shank circumference; CC =
Chest circumference; TC = Thigh circumference; CH = Comb height; NS= Non-significant; *p<0.05; **p<0.01; ***p<0.001.
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Appendix Table 3. Multivariate statistics and F approximation for female and male
chickens

Statistic Value FValue NumDF DenDF Pr>F
Female chickens

Wilks' Lambda 0.16358683 38.35 50 3934.7  <.0001
Pillai's Trace 1.34992872 32.03 50 4330 <.0001
Hotelling-Lawley Trace 2.62114673 45.12 50 2785.2  <.0001
Roy's Greatest Root 1.64648716 142.59 10 866 <.0001
Male chickens

Wilks' Lambda 0.10441015 16.30 55 14246  <.0001
Pillai's Trace 1.69858167 14.55 55 1555 <.0001
Hotelling-Lawley Trace 3.15320810 17.52 55 1012.2  <.0001
Roy's Greatest Root 1.33592326 37.77 11 311 <.0001
Wilks' Lambda 0.10441015 16.30 55 14246  <.0001
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Appendix Figures

Appendix Figure 1. Photos taken during interviews and focal group discussion with
chicken producers in Northwest Ethiopia
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Appendix Figure 2. Field photos on morphological measurement of indigenous chickens
in Northwest Ethiopia
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Appendix Figure 3. Photos shown different activities for growth performance evaluation
of indigenous chickens in Northwest Ethiopia
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Appendix Figure 4. Photos shown different activities for evaluation of EP on chicken
coccidiosis in Northwest Ethiopia
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