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Preface

Conservation and genetic diversity in crops are essential elements of sustainable 
solutions for hunger, malnutrition, and livelihood improvement. Unsustainable use 
of natural resources, promotion of genetically uniform varieties over local varieties, 
introduction of alien invasive species, changing human consumption patterns, lack of or 
inappropriate legislation and policy, and climate change all threaten crop diversity.

Food safety has long been associated with abundant main crops producing cereal, 
roots and tubers, vegetables, and fruits to supply affordable nutrient energy sources. 
However, this image has changed as the concept of nutritional security has become an 
important component of food safety, and food diversity has become the fundamental 
component of human health. 

In both extreme wild and trade forms, conceptualizations appear clear in the broad 
range of plant materials regarding domestication and/or reproduction. Wild plants are 
not domesticated or subject to artificial selection and reproduction processes. They 
do not show any typical crop features, such as uniform germination of seeds and fruit 
maturation. Commercial varieties are produced by a breeding program to improve 
certain features of the crop. 

This book is a handbook of conservation and genetic diversity in plants and animals. 
A chapter on maize (Zea mays ssp. mays) summarizes its wild relatives/landraces and 
the genetic gain over time in biotic/abiotic, productivity, and nutritional quality traits. 
Maize is a crop of global significance, used as human food, animal feed, and in  various 
industrial products. It is an essential source of calories and protein for livestock in 
developing countries. 

One of the chapters discusses Coffee landraces. The popular drink is a primary con-
tributor to annual revenue and employment on four continents and in many emerging 
nations. In the second half of the nineteenth century, the growth of the mass consumer 
market in the United States transformed it into an industrial product due to the accelera-
tion in coffee production in Brazil.

Their domestication history has been a concern for our domesticated animals for many 
years. A major area of research is the considerably earlier development of domestic spe-
cies. The Bovidae family (e.g., cattle, sheep, and caprine) has a less phylogenic nature. 
In Southeast Asia, about 50 million years ago, the now-extinct Hypertragulidae were 
the first identifiable primitive ancestor. Livestock agriculture is a profitable agricultural 
enterprise and a vital income-enhancement activity. 

Amr Elkelish
Faculty of Science,

Suez Canal University,
Ismailia, Egypt
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Chapter 1

On-Farm Crop Diversity
for Advancing Food Security
and Nutrition
Bonnie Furman, Arshiya Noorani and Chikelu Mba

Abstract

In 2019, nearly 690 million people were hungry, indicating that the achievement
of Zero Hunger by 2030 is not on-track. The enhanced conservation and use of crop
diversity, which demonstrably improves farm productivity and hence food security
and nutrition, could be one of the solutions to this problem. The broadening of the
inter- and intra-specific diversity of crops contributes to dietary diversification and
nutrition and improves the resilience of production systems to shocks, especially
the biotic and abiotic stresses attributed to climate change. Examples of successful
interventions that resulted in enhanced on-farm crop diversity are provided.
Relevant tools and guidelines to strengthen national capacities for the enhanced
on-farm management of plant genetic resources for food and agriculture are also
highlighted. Guidance, based primarily on the Second Global Plan of Action for Plant
Genetic Resources for Food and Agriculture, is presented to enable the conservation of
farmers’ varieties/landraces, their genetic improvement and seed delivery systems;
promote their cultivation, consumption and marketing; develop and implement
policies; foster partnerships and strengthen requisite institutional and human
capacities. Finally, the case is made for research and development, including using
modern techniques, to achieve these aims.

Keywords: plant genetic resources, farmers’ varieties, landraces, conservation,
sustainable use

1. Introduction

The most recent edition of the report on the State of Food Security and Nutrition
in the World [1] contains very worrying statistics: nearly 690 million people are
hungry, i.e. 8.9 percent of the world’s population! This represents an increase of 10
million people in a single year and nearly 60 million in five years. In fact, in 2019,
close to 750 million – about one in ten people in the world – were exposed to severe
levels of food insecurity. Conversely, the incidence of overweight children and
adult obesity continues to rise [1]. Thus, the world is not on track to achieve
Sustainable Development Goal (SDG) 2: Zero Hunger by 2030 [2]. Should recent
trends continue, the number of people affected by hunger will surpass 840 million
by 2030. It is crucial, therefore, to find effective, sustainable solutions to address
hunger. As implicit in the Agenda 2030 [2], the eradication of hunger and malnu-
trition must be achieved through sustainable means, especially those that preclude
further damage to the environment.
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The conservation and use of crop genetic diversity is a key component of sus-
tainable solutions to hunger and malnutrition as well as improving livelihoods.
Unfortunately, this crop diversity is threatened by such factors as urban encroach-
ment on farmland, unsustainable use of natural resources, the promotion of genet-
ically uniform varieties in replacement of local varieties, introduction of alien
invasive species, changing patterns of human consumption, absence of, or inappro-
priate, legislation and policy, as well as climate changes [3]. The loss of this genetic
diversity reduces the options for sustainably managing resilient agriculture [4] in
the face of adverse environments and rapidly fluctuating meteorological conditions.
As such, it is essential to strengthen their improvement and management on-farm
and to enhance their documentation and complementary conservation ex situ to
safeguard these valuable resources [5].

The Second Global Plan of Action for Plant Genetic Resources for Food and Agricul-
ture (Second GPA) [5] is the internationally agreed framework for the conservation
and sustainable use of the full range of plant genetic resources used for food and
agriculture, including farmers’ varieties/landraces managed on-farm. The actions
which countries commit to take in order to achieve these aims are enunciated in the
Second GPA in 18 thematic Priority Activities, several of which are specific to crop
diversity managed on-farm. Developed as the global policy response to the gaps and
needs identified in the Second Report on the State of the World’s Plant Genetic Resources
for Food and Agriculture [6], the Second GPA provides guidance on:

• promoting farmers’ varieties/landraces, which is used as an indication of
overall crop diversity in this chapter, through developing and strengthening
national programmes;

• increasing regional and international cooperation, including research,
education and training and enhanced institutional capacity for the
conservation and use of plant genetic resources for food and agriculture
(PGRFA); and,

• developing and implementing evidence-based policies to promote and
improve the effectiveness of on-farm conservation, management,
improvement and use.

This chapter highlights the importance of inter- and intra-specific crop diversity
managed on-farm as a mechanism to address malnutrition and food insecurity,
especially under worsening climate change scenarios. To promote the cultivation
and use of the widest possible crop diversity, guidance, based on the relevant
Priority Activities of the Second GPA, is provided. These encompass the actions
necessary for the conservation and on-farm management of PGRFA; enhanced
access to, and use of, local crop diversity – including through responsive seed
systems; and genetic improvement as means to the sustainable use of crop diversity.
Relevant enabling policy instruments and initiatives for the conservation and sus-
tainable use of crop diversity, developed over the last 50 years, are also described.

2. Important elements of crop diversity conservation and use

With about 80% of all foods being plant-based, any effective solutions for the
current trend of worsening food insecurity and malnutrition must address the
shortcomings of crop production systems. Crop genetic diversity not only repre-
sents the basis of food and agricultural systems, it is also an enormous reservoir of
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useful genes and gene complexes that endow plants with coping mechanisms for
evolution and habitat changes [7, 8]. The inter- and intra-specific variation of crops
provides the basis for more productive and resilient production systems that are
better able to cope with stresses such as drought or overgrazing [9]. This diversity
also enhances the nutritional status of people [10–12]. Changes in land use, together
with high rates of urbanization and emigration, displacement of traditional crops in
favor of a few starchy staples, and abandonment of marginal agricultural areas, are
posing an unprecedented threat to this diversity. Exacerbating this are the threats
posed by climate change manifested through the increasing frequencies, distribu-
tion and intensities of extreme weather events.

2.1 The narrow genetic base of crop production systems

There are approximately 380,000 vascular plant species [13, 14], of which less
than 30,000 (or barely 7%) have been consumed as food by humans [15]. Of these,
some 6 000 (or 22% of edible plants) have been actively cultivated for human
consumption [16, 17]. Despite this diversity, agricultural production systems
depend on a narrow list of crop species. This is illustrated by the fact that less than
200 plants were the sources of global food production in 2019, with only nine of
them (sugar cane, maize, rice, wheat, potatoes, soybeans, oil palm fruit, sugar beet
and cassava) accounting for over 66 percent of all crop production and 53 percent of
global average daily calories [3, 18] (See Figure 1).

Agricultural production systems, based on just a few crops, are more vulnerable
to biotic and abiotic stresses, including incidences of extreme weather events
which, in the past, have resulted in crop failures. Compounding this, many local
crops and varieties are cultivated as small and isolated populations and thus tend to
lose genetic diversity [19]. These small populations undergo limited geneflow and
are subject to genetic drift, founder effects and inbreeding. This, seen ever more
frequently due to progressive introduction of commercial varieties, changing cli-
matic conditions, migration to urban areas and expansion of land use for infra-
structure and social development, represents an unprecedented threat to local crop
diversity [20].

In order to address the impact of the above on changes on diversity, it is essential
to monitor farmers’ varieties/landraces on-farm [3]. Understanding changes in
genetic diversity over time entails the assessment of:

• species richness and evenness and associated environmental variables;

• population size and genetic structure of farmers’ varieties/landraces; and,

• the impact of management or farming practices on populations.

Further, at the genetic level, diversity can be assessed using a range of modern
genomics-based approaches, such as molecular markers to determine changes over
time as well as phylogenetic analyses. An overview of these approaches can be
found in Bruford et al. [21] and Dulloo et al. [22].

The Second GPA [5] provides guidance on developing and strengthening sys-
tems for monitoring and safeguarding genetic diversity and minimizing genetic
erosion of plant genetic resources for food and agriculture. Priority Activity 16 of
the framework highlights the importance of establishing and implementing moni-
toring mechanisms for the regular assessments of genetic erosion. Information from
extension services, local non-governmental organizations, seed sector and farming
communities can be linked to early warning systems at the national and higher
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levels. This Priority Activity also underscores the need to enhance the use of
advanced methods, such as those based on information and communication tech-
nologies and molecular and spatial analytical tools, for monitoring the status of the
most threatened diversity in crops.

2.2 Challenge of climate change

Crop production is affected by the consequences of climate change [23], such as
increasing temperatures, changing precipitation patterns, higher concentration of
carbon dioxide (CO2) in the atmosphere and the occurrence of extreme weather
events such as floods and drought conditions. Climate change is also affecting biotic
factors such as emergence of new pests and diseases and change in the virulence of
existing ones. While specific impacts in crop production vary by crop and the
climate in which they are grown, there is a growing scientific consensus that
increasing temperatures will be detrimental, especially in many developing tropical
countries where food insecurity and malnutrition remain pervasive.

Temperature increase and prolonged drought affect a range of biological pro-
cesses. For example, the physiological responses of plants to high temperature and/or
drought conditions are translated into negative effects on growth rates, and therefore
on yield. Substantial declines in yields of important crops have already been reported
and are predicted to particularly affect those regions where food security is already a
major concern [24, 25]. Fruit and vegetable crops are highly vulnerable to climate
change during their reproductive stages and to more disease prevalence, and thus
production of these crops is also expected to be affected [26]. A detailed study on data
from 23 countries in different regions undertaken by Iizumi and Ramankuttym [27]
identified temperature variation as a key constraint to maize, soybean, rice and wheat
yields. The study showed that the year-to-year variations in yields of these crops from
1981 to 2010 significantly decreased by 19% to 33%.

Climate change also alters the quality of plant nutrients by affecting soil biology,
physics and chemistry, and therefore impacts the availability of nutrients [28].
Food quality might similarly be negatively impacted. For example, temperature
increases over the past decades in Japan have led to earlier blooming of apples,
which in turn has impacted acidity, firmness and water content, and thereby
reducing quality [29].

Climate change is expected to alter the range and severity of pest and disease
incidence [25]. Predictive models forecast that there will be either increases or

Figure 1.
The plant diversity ‘funnel’. Humans rely on nine crops for most of their food while almost 400,000 higher
plants have been described out of which a little less than 30,000 are edible.
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decreases of incidence, depending on the region and its climatic conditions; how-
ever, the mean probability of pest and disease incidence is expected to rise globally
[30]. Quiroz et al. [31] report that climatic changes in the Andean region have led to
an increase in pest and disease occurrence in potato cropping, which is driving
farmers to shift their production to higher altitudes.

The effects of climate change on major crops are well studied, particularly at
species level (i.e. [32–35]). The majority of studies focus mainly on the yield of a
specific crop under climate change, yet there are fewer studies comparing the
effects on climate change on different varieties of the same species. The use of inter-
and intra-specific crop diversity is central to traditional risk management practices
in many farming communities (e.g., [36–38]). Such practices will be even more
essential as the effects of climate change become more frequent and profound.
Many farmers’ varieties/landraces are suited to local ecosystems, climatic condi-
tions and farming practices, and have been shown to be more resilient to
unpredictable and hardy conditions [8, 39–42].

The Second GPA [5] addresses climate change in most of its Priority Activities,
which responds to concerns about the impact of climate change on agriculture. As
mentioned above, climate change impacts farmers’ varieties/landraces cultivated,
with the result that farmers will need to have access to new germplasm. Priority
Activity 2 of the Second GPA draws attention to the need for adapted crop varieties
to cope with future environmental conditions. It recommends that a range of
initiatives and practices should be employed to help farming communities benefit
from local crop genetic diversity in their production systems.

2.3 Diversified diets and nutritional components

Plants are the basis of nutrition – whether directly or indirectly – providing key
elements in the human diet. While it is clear that malnutrition overall is a major
concern, the impact of malnutrition is disproportionately higher on women and
children [1]. This can be addressed both through increasing the dietary diversity of
the food consumed as well as increasing the quality of produce through breeding
initiatives, such as biofortification, to develop nutrient-dense crop varieties.

In the last century, there have been major advances in food production,
improving yields in many staple crops [43]. However, the focus of production has
been on calorific intake – often negatively correlated to nutritional value in terms of
protein content and quality [44–46].

In response to the above, systemic approaches to agriculture now include nutri-
tion as a key component. This is essential for ensuring not only that sufficient calories
are produced but that other key health requirements are addressed [43, 47]. In
particular, there is a renewed interest in nutrient-rich neglected and underutilized
species (NUS) [48–53]. While many of these species are environmentally resilient
and cultivated in marginal areas as well as being rich in nutrients, bottlenecks for
their increased production and consumption are common [16, 43, 54]. These include
low yields, access to quality seeds and planting materials, low market demand and a
lack of knowledge in their consumption. These issues, which occur along entire value
chains, can be addressed through research and development (R&D) and coherent
policy frameworks. In many cases however, financial resources are required to gen-
erate innovative solutions and build capacities for their implementation.

The Second GPA [5] provides guidance on promoting diversification of crop
production; broadening crop diversity and promoting development and commer-
cialization of all varieties, primarily farmers’ varieties/landraces and underutilized
species. Its Priority Activities 10 and 11 require that countries promote both the
diversity of crops on-farm and the development and commercialization of the
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initiatives and practices should be employed to help farming communities benefit
from local crop genetic diversity in their production systems.
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improving yields in many staple crops [43]. However, the focus of production has
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tion as a key component. This is essential for ensuring not only that sufficient calories
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particular, there is a renewed interest in nutrient-rich neglected and underutilized
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and cultivated in marginal areas as well as being rich in nutrients, bottlenecks for
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lack of knowledge in their consumption. These issues, which occur along entire value
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widest range of crops and their varieties, in particular farmers’ varieties/landraces
and NUS, respectively. Additionally, Priority Activity 11 highlights the need to
develop and implement policies and incentives to create demands and the matching
markets for the products of these crops.

Boxes 1 and 2 illustrate how local crops can be mainstreamed successfully,
resulting in increased quality, availability and demand for these fruits and vegeta-
bles. The two examples presented, one in Micronesia and the other in Kenya,
highlight the need for multisectoral approaches and strategies.

Vitamin A deficiency is one of the key causes of blindness in children [55]. This public health problem
is prevalent in many countries, especially in Africa and South-East Asia [56]. One of the approaches for
addressing the prevalence of Vitamin A deficiency has been to increase the nutritional diversity of local
fruits and vegetables consumed.

Bananas are a key staple in many countries and one of the world’s most popular fruits. Studies of
different banana cultivars have revealed great differences in carotenoid content, from 5945 mgb-carotene/
100 g in the some of the yellow/orange-fleshed Fe’i cultivars to 58mgb-carotene/100 g in the white-fleshed
cultivar of the Cavendish subgroup [57, 58]. Fe’i banana (Musa troglodytarum) is indigenous to the islands of
the Pacific (Figure 2) and is known to be rich in Vitamin A.

Figure 2.
Fe’i banana, showing the rich orange color of the fruit, an indicator of its high carotenoid content.

During the 1970s in the Federated States of Micronesia, diets based on non-local foods, together with an
increase in consumption of refined white rice, flour, sugar, fatty meats and other processed foods [59],
caused a serious Vitamin A deficiency [60]. In response, international agencies and local governments
teamed up to promote the production and consumption of local banana cultivars, especially those identified
as containing significant amounts of bio-available Vitamin A. The approaches included the development of
policies promoting local cultivation, guidance on agronomic techniques, youth clubs, school activities and
farmers’ fairs. As a result of the various initiatives, the local production and consumption of the
yellow/orange-fleshed banana variety, Karat, containing 2 230 μg/100 g of the provitamin A (50 times that
found in white-fleshed bananas), was effectively promoted and these local nutritious bananas are now
available in most markets. The success of this multisectoral approach – health, agriculture and education – is
regarded as a model, linking dietary and agricultural diversity for healthy diets, to be replicated with other
locally available, nutrient-dense crops in vulnerable populations.

Box 1.
Successes in mainstreaming local crops for better nutrition: Fe’i bananas in the Federated States of Micronesia.
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3. Management of on-farm diversity

Enhanced crop diversity, including farmers’ varieties/landraces, confers resil-
ience on crop production and reduces vulnerability to shocks and are potential
sources of traits for crop improvement, especially for developing varieties tolerant
to biotic and abiotic stresses [3]. A significant amount of crop diversity, including
farmers’ varieties/landraces, is only maintained in farmer’s fields, orchards or home
gardens. Many farmers choose to cultivate farmers’ varieties/landraces due to agro-
nomic, culinary, or quality preferences [3, 40]. Much of this crop diversity also has
locally important cultural values. The dynamic on-farm management of this diver-
sity contributes to their continual evolution and adaptation due to farmers’selection
and seed exchange systems [67].

In order to support countries in enhancing the diversity of crops and varieties
which are cultivated by farmers, the Voluntary Guidelines for the Conservation and
Sustainable Use of Farmers’ Varieties/Landraces [3], were developed. They serve as
reference material for preparing a National Plan for the Conservation and Sustain-
able Use of Farmers’ Varieties/Landraces and are a useful tool for development
practitioners, researchers, students and policymakers who work on the conserva-
tion and sustainable use of these valuable resources.

3.1 Germplasm conservation and on-farm management

The diversity of crops and varieties maintained on farmers’ fields must also be
backed up ex situ, to ensure their conservation in an effective, integrated and
rational manner in case of loss on-farm. Conserving this diversity ex situ is addi-
tionally advantageous in that it can be assessed and made more readily available to

There are many diverse species and varieties of indigenous leafy vegetables consumed locally in
tropical sub-Saharan Africa. These include African nightshades (Solanum scabrum), leafy amaranth
(Amaranthus spp.), spider plant (Cleome gynandra), cowpea (Vigna unguiculata), Ethiopian kale (Brassica
carinata), mitoo (Crotalaria ochroleuca and C. brevidens), kahuhura (Cucurbita ficifolia), jute plant
(Corchorus olitorius) and pumpkin leaves (Cucurbita maxima and C. moschata) [61]. The nutritional
importance of African leafy vegetables (ALV) has been recognized by various experts over recent decades
[62–65]. Yet, despite their nutritional advantage over many imported vegetables, levels of consumption had
been decreasing in many countries, including Kenya [66].

One of the key reasons for the decline in the consumption of ALV includes migration to cities, causing a
shift in production. With these changes, knowledge of the cultivation of ALV was also being lost, including,
very importantly, methods of the production of quality seeds. Increasing the quality of seeds can increase
yields. For instance, selecting those seeds with lower rates of dormancy results in higher germinability and
hence, improved yields ultimately.

In this respect, African nightshades, for example, require the removal of the wet pulp that contains
growth inhibitors, which affect germination rates [61]. Initiatives to improve ALV cultivation by
disseminating this information, along with other techniques that enhance seed germination, to farmers
through participatory methods were implemented successfully. The resulting uptake in the cultivation of
quality ALV by smallholder farmers increased the production and quality of African nightshades in Kenya.
Extension workers collaborated closely with researchers and international organizations to reconstruct a
knowledge base, combining traditional and more technical information on these species.

Although these crops used to be considered a “poor man’s food” until 15 years ago, due to, inter alia,
improvements in seed quality, awareness raising and value chain interventions, ALV are now commonly
found in Kenyan supermarkets [61, 63]. ALV, now gaining in popularity, as evidenced by seed companies’
interest and the increase in area cultivated, are contributing to addressing malnutrition as well as to
improving livelihoods [65].

Box 2.
Enhancing the quality of seeds to boost production: Seed dormancy in African leafy vegetables in Kenya.
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researchers and plant breeders. Crop germplasm, a significant proportion of which
are farmers’ varieties/landraces, is conserved in more than 650 genebanks world-
wide [68]. Complementary ex situ conservation of crop diversity is essential for
safeguarding global food security for the present and future. The application of
standards and procedures that ensure their continued survival and availability is
therefore essential. The Genebank Standards for Plant Genetic Resources for Food and
Agriculture [69] set the benchmark for current scientific and technical best
practices, and support key international policy instruments for conserving crop
germplasm in genebanks.

Ex situ conservation of plant genetic resources in genebanks and other facilities
safeguards a large and important amount of resources that are vital to global food
security [6]. Genebank conservation entails acquisition, storage, characterization,
evaluation, regeneration, safety duplication and documentation of germplasm
accessions [69, 70]. The methods used include the storage of orthodox seeds in seed
genebanks and safeguarding species that produce nonorthodox seeds or are propa-
gated vegetatively as live plants in field genebanks or as plantlets through in vitro
culture or cryopreservation [69]. Genebanks serve the dual aims of the conservation
of PGRFA and the provision of these genetic resources to plant breeders,
researchers and other users.

Many collections, especially at the national level, remain vulnerable as they are
exposed to natural disasters, including those caused by climate change, and manmade
calamities such as civil unrest. These collections are similarly at risk due to avoidable
adversities resulting from lack of funding and/or poor management. Well-managed
genebanks both safeguard genetic diversity and make it available to breeders. As
such, genebanks require adequate and continuous levels of sustainable funding.

In this context, Priority Activity 2 of the Second GPA [5] underscores the need for
improved on-farm conservation and the management and use of farmers’ varieties/
landraces and underutilized crops. It also highlights the need to foster linkages
between these activities and the conserving this diversity in genebanks. The Second
GPA also recommends that governments consider how production, research,
economic incentives and other policies impact the on-farm management and
improvement of PGRFA. The actions that should be taken to enhance the ex situ
conservation of germplasm are provided in the following Priority Activities of the
Second GPA:

• Priority Activity 5 on the targeted collecting of germplasm;

• Priority Activity 6 on sustaining and expanding effective ex situ conservation
of diverse germplasm; and

• Priority Activity 7 on regeneration and multiplication of ex situ accessions,
including for distribution and safety duplication.

3.2 Enhancing access to, and use of, local crop diversity

The development of farmers’ varieties/landraces is commonly undertaken
through participatory plant breeding (PPB), which aims to bridge the formal and
informal seed systems by supporting smallholder farmers and their collective
efforts [71, 72]. PPB often uses demonstration plots in Farmers Field Schools [73] to
increase farmers’ awareness of the quality of varieties and seed produced, and to
support adoption. Vernooy et al. [74] reported that PPB resulted in both the con-
servation of farmer-preferred landraces and the development of new PPB-
developed varieties, as well as farmer-managed seed production and distribution
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(e.g., in China and Mexico). Community seedbanks played a crucial role in these
activities through seed collection and distribution; seed production of improved
local varieties; and education and awareness activities. Community seedbanks are
informal, locally governed institutions whose core function is to preserve seeds for
local use. They play an important role in increasing access to diverse and locally
adapted crops and varieties [74, 75], especially farmers’ varieties/landraces. These
community-based endeavors also enhance related local knowledge and skills in the
workflow for seed delivery, i.e. selection, treatment, storage, multiplication and
distribution [3].

Community seedbanks can be an effective part of a comprehensive strategy for
the conservation and sustainable use of crop diversity. Community-based small-
scale seed initiatives, often linked to community seed banks, will play a vital role in
the improvement of, and access to, quality declared seeds and planting materials,
maintenance of crop diversity for food security, and positively contribute to the
national breeding programs. For example, the formation of seed clubs in Vietnam
enabled working with farmers to promote varietal selection through participatory
plant breeding and the national varietal registration of these local varieties. This has
enhanced farmers’ access to the quality seeds and planting materials of preferred
varieties [76] (see Box 3).

Enhanced farmers’ access to quality seeds and planting materials of well-adapted
crops and varieties is realized through the strengthening of community-level seed
production with suitable quality assurance regimes, including protocols for quality
declared seeds and quality declared planting materials. The Quality Declared Seed
System [78] consists of guidelines and protocols that aim at assisting small-scale
farmers, specialists in seed production, field agronomists and agricultural extension
services in the production of quality seed. This system provides an alternative for
seed quality assurance and is particularly useful for countries with limited resources

In Vietnam, the Southeast Asia Regional Initiatives for Community Empowerment (SEARICE) and the
Mekong Delta Development Research Centre of Can Tho University (MDI-CTU) have been collaborating
with communities on the formation of seed clubs to drive community-based conservation and sustainable
use of plant genetic resources. These clubs enable local seed supply systems through seed conservation,
exchange, and crop improvement activities. In particular, they facilitated:

• participatory variety rehabilitation, i.e. whereby the original characteristics of the farmers’ variety/
landrace is restored through selection;

• participatory plant breeding, where farmers collaborate in the process of crop varietal development
and have opportunities to make decisions throughout; and

• participatory variety selection, which involves farmers growing and selecting varieties in their own
fields, providing a way for breeders to learn which varieties perform well on-farm and are preferred
by farmers.

These activities, which bridged the formal and informal seed systems [77], have resulted in the
development of 360 farmers’ varieties, five of which are nationally certified [76]. The formal registration of
farmers’ varieties, made possible by the policy and technical assistance provided by MDI-CTU and funding
provided by SEARICE, paved the way for the eventual production of quality declared seeds – thereby
enhancing the confidence of the farmers in the seeds. This approach to community empowerment has been
fundamentally important in the improvement of access to and availability of seeds, maintenance of crop
diversity for food security, and positively contribute to the national breeding program through the linkages
established between the formal and informal seed sectors.

Box 3.
Seed clubs in Vietnam.
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researchers and plant breeders. Crop germplasm, a significant proportion of which
are farmers’ varieties/landraces, is conserved in more than 650 genebanks world-
wide [68]. Complementary ex situ conservation of crop diversity is essential for
safeguarding global food security for the present and future. The application of
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practices, and support key international policy instruments for conserving crop
germplasm in genebanks.
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(e.g., in China and Mexico). Community seedbanks played a crucial role in these
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community-based endeavors also enhance related local knowledge and skills in the
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Mekong Delta Development Research Centre of Can Tho University (MDI-CTU) have been collaborating
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use of plant genetic resources. These clubs enable local seed supply systems through seed conservation,
exchange, and crop improvement activities. In particular, they facilitated:
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• participatory plant breeding, where farmers collaborate in the process of crop varietal development
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development of 360 farmers’ varieties, five of which are nationally certified [76]. The formal registration of
farmers’ varieties, made possible by the policy and technical assistance provided by MDI-CTU and funding
provided by SEARICE, paved the way for the eventual production of quality declared seeds – thereby
enhancing the confidence of the farmers in the seeds. This approach to community empowerment has been
fundamentally important in the improvement of access to and availability of seeds, maintenance of crop
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Box 3.
Seed clubs in Vietnam.
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[79]. The system is less demanding than full seed quality control systems yet
guarantees a satisfactory level of seed quality. Its partner publication, Quality
Declared Planting Material [80], was prepared in collaboration with the Interna-
tional Potato Centre and follows the principles and approach of FAO’s Quality
Declared Seed System.

It is necessary to develop and implement national seed regulatory frameworks
and to enable the participation of multiple actors, including farmers. This can be
undertaken through cooperatives and small- and medium-scale seed enterprises,
and the private sector, while supporting institutional and human capacities along
the entire seed value chain. Areas of intervention typically include strengthening
capacities for the production and processing of seeds and their quality assurance,
packaging, storage and marketing. Priority Activity 11 of the Second GPA recom-
mends that countries promote the “development and commercialization of all vari-
eties, primarily farmers’ varieties/landraces and underutilized species” [5]. Linked
to this, Priority Activity 12 of the Second GPA focuses on supporting seed produc-
tion and distribution. It underscores the importance of developing/reviewing seed
regulatory frameworks that facilitate the development of seed systems and their
harmonization at regional levels, taking into account the specificities of different
seed systems [5].

To support practitioners along the entire seed value chain, the six-module Seeds
Toolkit [81–86] is a resource to enhance knowledge and skills for delivering quality
seeds and planting materials of well-adapted crop varieties to farmers. The modules
are designed as practical guidance to assist in the implementation of the national
seed strategies and capacity building activities, especially for small-scale farmers
and small- and medium-scale entrepreneurs.

For policy specific guidance, stakeholders may refer to the Voluntary Guide for
National Seed Policy Formulation [87]. This explains seed policies and how they
differ from seed laws; describes the participatory process of seed policy formula-
tion, the nature and layout of seed policy documents and their key elements; and
addresses issues involved in their implementation.

3.3 Genetic improvement as means to sustainable use of on-farm crop diversity

A continuous stream of improved crop varieties that are adapted to particular
agro-ecosystems and production systems is required for meeting the challenges
posed by food insecurity and malnutrition, especially in the face of climate
change. In this regard, Priority Activity 9 of the Second GPA recommends
countries to support “plant breeding, genetic enhancement and base-broadening
efforts” [5].

Crop breeders must aim to develop varieties that are productive, nutritious,
resistant to biotic and abiotic stresses, and are well-adapted to target
agroecologies and meet consumer preferences and market demands. Genetic
diversity is an essential resource for breeders to improve new cultivars with
desirable characteristics [88]. For crop diversity to be useful in addressing mal-
nutrition and climate change through breeding, their characteristics need to be
measured, evaluated and recorded in information systems that are available to all
relevant stakeholders. The process of characterization entails the description of a
minimum set of standard phenotypic, physiological and seed qualitative traits.
The evaluation of PGRFA requires an analysis of agronomic data obtained
through appropriately designed experimental trials. Both characterization and
evaluation use crop descriptor lists that are available for a large number of crop
species [89–91]. Additionally, to support standardizing the information, FAO and
Bioversity International published passport descriptors that are widely used for
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the documentation and exchange of germplasm [92]. The FAO World Informa-
tion and Early Warning System on PGRFA (WIEWS) [68] provides access to
passport data of materials held in genebanks worldwide. Other global germplasm
management systems, such as GRIN-Global [93] and GENESYS [94], document
not only passport but also characterization and evaluation data in genebanks.
GENESYS also includes information on the climate at the origin of accessions,
and provide the option to search for accessions originating from similar climates.
These systems provide plant breeders with a catalog of traits and germplasm for
crop improvement.

Conventional plant breeding procedures can be time-consuming and expensive
[95]. For example, the breeding, delivery and adoption of new maize varieties has
taken up to 30 years [96]. Advances in biotechnology have substantially increased
the efficiency for the identification of desirable traits for crop improvement and the
knowledge of the genetic mechanisms that control the expression of traits of inter-
est [97]. More targeted breeding can be undertaken as the links between traits and
genes are better understood. This is especially important for those traits under
polygenic control such as yield and those conveying heat, drought and other stress
tolerances [98].

Crossing high-yielding varieties with lower-yielding but resilient local germ-
plasm such as landraces can reduce genetic vulnerability [99] through the broad-
ened genetic base of the improved varieties. This is achieved most effectively
through pre-breeding, i.e. the generation of intermediate materials by crossing non-
adapted germplasm that possess novel traits with standard breeding lines [5, 100].
A detailed step-by-step overview of pre-breeding procedures is provided in an
e-learning course [101], developed under the auspices of the Global Partnership
Initiative on Plant Breeding Capacity Building (GIPB). This course is made up of
five modules covering the introduction to pre-breeding; genebank management
relevant to pre-breeding; pre-breeding project management; creating and managing
variation; and the distribution and use of the pre-bred materials and associated
regulatory considerations.

In situations where sourcing heritable variations from existing germplasm is not
possible or otherwise impractical, the induction of allelic variations through muta-
genesis is a viable option [102]. Mutations can be induced by physical (i.e., gamma
and x-ray technology) or chemical means [103] for a comprehensive review on this
topic). DNA mutations tend to be chance events and therefore require that scien-
tists generate massive numbers of putative mutants that are then subsequently
screened for particular traits, a lengthy and costly process. However, advances in
high throughput molecular genetics, cell biology and phenotyping techniques
mitigate these constraints and facilitate the integration of induced mutations into
improved crop varieties [103].

Morphological assessments using traditional phenotyping methods can be
labor intensive, time consuming, subjective, and frequently destructive to plants.
In fact, the access to large-scale phenotypic data has been one of the major
bottlenecks hindering crop breeding [104]. High-throughput phenotyping
(HTP) is a recently developed method that has potential to overcome this
bottleneck and offers large-scale, accurate, rapid, and automatic data acquisition
for crop improvement [105, 106]. A large number of advanced technologies
[107, 108], including sensors, information technology and data extraction,
combined with systems integration and reduced costs, means that morphology and
physiology can be assessed non-destructively and repeatedly across entire
populations throughout their development [104, 109]. Novel HTP approaches are
necessary to advance the understanding of genotype-to-phenotype cause and effect
relationships and therefore accelerate plant breeding [110, 111]. This can be of
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the documentation and exchange of germplasm [92]. The FAO World Informa-
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not only passport but also characterization and evaluation data in genebanks.
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and provide the option to search for accessions originating from similar climates.
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[95]. For example, the breeding, delivery and adoption of new maize varieties has
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the efficiency for the identification of desirable traits for crop improvement and the
knowledge of the genetic mechanisms that control the expression of traits of inter-
est [97]. More targeted breeding can be undertaken as the links between traits and
genes are better understood. This is especially important for those traits under
polygenic control such as yield and those conveying heat, drought and other stress
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topic). DNA mutations tend to be chance events and therefore require that scien-
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great importance for assessing the production and resilience traits of farmers’
varieties/landraces.

Many traits have been mapped to specific genes and as a result, more analyses
are being conducted per unit of time that allow for more specific mapping of traits.
Quantitative trait loci (QTL) mapping results provide useful information to under-
stand the genetic mechanisms of important traits and improve the efficiency of
marker-assisted selection and genomics-assisted breeding [112, 113]. Taken
together, existing genomics knowledge and tools may be used to overcome the
constraints to the development of adapted varieties that combat malnutrition and
climate change [114, 115].

Advances in phenotyping technology and methodologies for multi-population
data analysis have made possible the mapping of QTL [116, 117]. In addition, DNA
sequencing has become more rapid, more precise and less expensive [104, 110]; the
genomes of most staple crops, and some minor ones, have been sequenced [118]. A
recent initiative driven through the African Orphan Crops Consortium (AOCC) is
applying genome-enabled methods to improve the production of 101 under-
researched (‘orphan’) crops on the continent [119]. To date, eight genomes have
been sequenced and published and another 26 are underway [120]. The ultimate
goal of this initiative is to develop resilient, palatable and nutritious varieties of local
crops for local peoples to consume and sell – thereby enhancing their nutritional
status and livelihoods.

4. Existing policy frameworks

As means to enhance intra- and inter-specific on-farm crop diversity, diverse
initiatives, policies and global frameworks have been developed and implemented.
In recent years, focus has been on areas of synergies and streamlining efforts among
the health, environmental and agricultural sectors (Figure 3). The number of policy
and legal frameworks targeting crop diversity, reflects the growing global interest
and concern and the commitment of countries for their conservation and sustain-
able use [51, 121].

Figure 3.
Timeline showing the development of initiatives and frameworks important for the conservation and
sustainable use of crop diversity (adapted with permission from [122]).
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While crop diversity has been a key focus of many policy discussions since 1950
onwards [7], the International Undertaking on Plant Genetic Resources which was
adopted by resolution 8/83 of the FAO Conference in 1983 was a watershed
moment. The objective of this Undertaking was “to ensure that plant genetic
resources of economic and/or social interest, particularly for agriculture, will be
explored, preserved, evaluated and made available for plant breeding and scientific
purposes” [123].

This laid the groundwork for the development of cornerstone frameworks for
crop diversity, especially:

• the Global Plan of Action (GPA) for the Conservation and Sustainable Use of
Plant Genetic Resources for Food and Agriculture (PGRFA) adopted by 150
countries in 1996 [124];

• the International Treaty on Plant Genetic Resources for Food and Agriculture
(the Treaty) that entered into force in 2004, providing a legal framework
whereby governments, farmers, research institutes and agro-industries can
share and exchange PGRFA and benefits derived from their use [125];

• the Global Crop Diversity Trust, established in 2004 by FAO and Bioversity
International on behalf of the CGIAR, to support the efficient and effective ex
situ conservation of crop diversity over the long term [126];

• the Second GPA in 2011 [5];

• the Cordoba Declaration [127], which emphasized the importance of
underutilized and promising crops at the international level;

• the Second International Conference on Nutrition (ICN2) held in Rome in
2014 [128], which showcased the profile of NUS and adopted the Rome
Declaration on Nutrition after which 2015–2025 was declared the UN Decade
of Action on Nutrition [129]; and

• adoption of the 2030 Agenda for Sustainable Development by 193 Member
States of the United Nations [130].

5. Looking forward

Addressing livelihood options for smallholder farmers requires that the focus of
R&D be broadened to include a much wider range of crop species and cropping
systems. This diversity is essential for breeding new plant varieties that confer the
ability to adapt to changing environments, including new pests and diseases and
adverse climatic conditions, on cropping systems. Thousands of years of farming
and targeted selection have resulted in an invaluable heritage of locally adapted
varieties of major and minor crops [16, 127]. The greater the diversity, the greater
the chance that at least some of the individuals will possess an allelic variant suited
to changing environments, and will produce offspring with that variant [7].

5.1 Bridging conservation, sustainable use and the seed sectors

To achieve the most benefits from PGRFA while at the same time safeguarding
them, activities that address conservation must be linked to those concerned with
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plant breeding which in turn must feed into seed delivery systems. In many coun-
tries and regions, there is a lack of these linkages between these three modules of
the PGRFA management continuum [131] (Figure 4).

This continuum approach is also relevant for the efforts to leverage farmers’
varieties/landraces to enhance on-farm crop diversity and will require the concerted
actions of extension workers, researchers, breeders, seed enterprises and farmers.
Similarly, greater cooperation at different stages in the production chain, from the
development and testing of new varieties, through value-adding activities, to the
opening up of new markets is essential.

5.2 The enabling environment

In order to have long-term impact on the ground, clear and non-conflictual
policies are needed, together with effective delivery systems. The policies must be
evidence-based and offer relevant interventions that can rapidly be deployed on the
ground. Often policies can be at variance with one another, with a resulting nega-
tive impact on crop diversity, livelihoods and/or diets. For example, subsidies for
promoting staple crops may have a negative impact on the cultivation of minor, but
highly nutritious and resilient crops and varieties [16]. Addressing this, FAO devel-
oped Guidelines for Developing a National Strategy for Plant Genetic Resources for Food
and Agriculture [132]. These guidelines support countries in developing national
strategies for PGRFA, which include identifying a national vision, goals and objec-
tives, and the corresponding plan of action, including responsibilities, resources,
and timeframes for activities. They take into account each country’s needs, capaci-
ties and constraints.

Efforts must continue to target the development of appropriate national strate-
gies and policies to promote the diversification of cropping systems, including the
on-farm conservation and use of underutilized species, enable R&D and the uptake
of their outputs. The Second GPA [5] highlights the importance of conservation and
sustainable use of crop diversity in terms of policy and capacity development.
National policies should aim to strengthen capacities in crop improvement in order
to produce varieties that are specifically adapted to local environments. These
policies may include appropriate for the protection of new varieties – as applicable,
varietal release and seed certification – or other appropriate quality assurance
regimes. These would promote and strengthen their use and ensure that they are
included in national agricultural development strategies.

Figure 4.
Continuum of crop diversity, showing the linkages between conservation, sustainable use and seed systems.
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Building national programmes and institutional capacities is critically important
as a means to promote public awareness on the importance of the diversity of
PGRFA [5, 131]. The support to policy-makers as well as training and capacity
building for scientists, breeders, extension specialists, seed producers, farmers,
indigenous peoples and local communities on themes that enable the promotion of
the development and commercialization of all crop varieties, primarily farmers’
varieties, landraces and underutilized species, is recognized as a fundamental
necessity [3]. Relevant topics for such training and capacity building activities
include activities that promote the increased on-farm management of crop diversity
such as the identification of all suitable materials and the development and imple-
mentation of sustainable management practices, postharvest processing and mar-
keting methods and the documentation of relevant local and traditional knowledge.
Additional activities include those that promote establishing, running and advising
local small-scale seed enterprises.

The Second GPA [5] provides guidance on the human and institutional capabil-
ities that should be strengthened for the conservation and sustainable use of
PGRFA, including farmers’ varieties/landraces. These are summarized below:

• Priority Activity 13 focuses on developing national programmes, recognizing
that efforts to coordinate national planning, priority setting and fundraising
are needed. Emphasis is placed on enhancing collaboration between the public
and private sectors, national and international cooperation, strengthening links
between PGRFA conservation and use, developing information systems and
publicly accessible databases, identifying gaps in the conservation and use of
PGRFA, increasing public awareness and implementing national policies and
legislation and international treaties and conventions.

• Promoting and strengthening networks for PGRFA, as described in Priority
Activity 14, are crucial for improved coordination, communication and
organizational skills. Resources and capacity should be available for activities
such as planning, communications, travel, meetings, network publications
such as newsletters and meeting reports, and network strengthening, including
the preparation of successful proposals for submission to donors.

• Information systems for PGRFA facilitates evidence-based decision making
for their effective conservation and use. Priority Activity 15 provides
guidance for national and regional programmes, including for strengthening and
harmonizing documentation, characterization and evaluation of germplasm.

• In order to monitor and safeguard genetic diversity and minimize genetic
erosion of crop diversity, capacities must to be strengthened for gathering and
interpreting information in conducting inventories and surveys (Priority
activity 16). Training on monitoring should be provided to breeders, farmers
and indigenous and local communities. It is important to develop training
materials, including self-teaching tools, in local languages as needed.

• As described in Priority activity 17, the long-term availability of adequate
human resources capacity in all areas of PGRFA conservation and use,
including management, legal and policy aspects, must be developed and
strengthened. This includes support for enabling national and regional
organizations and programmes to update curricula, provide advanced
education and strengthen research and technical capacities in all relevant areas.
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Figure 4.
Continuum of crop diversity, showing the linkages between conservation, sustainable use and seed systems.
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• Communicating effectively about the many benefits of crop diversity to food
security and sustainable livelihoods is critical to the success of any
intervention. Priority Activity 18 highlights the importance of national public
awareness programmes and the development of international links and
collaborative mechanisms such as networks, involving different sectors,
agencies and stakeholders. The aim is to increase the value of crop diversity by
bringing this information to the attention of policy-makers and the general
public.

6. Conclusions

Five years after the world committed through the SDG to end hunger, food
insecurity and all forms of malnutrition, we are not on track to achieve these
objectives by 2030. The sense of urgency is even more pressing due to the looming
2030 deadline of the SDGs, which underscores the need to ‘think outside of the
box’. Options for addressing food insecurity and malnutrition should include
increasing the diversity of crops and varieties cultivated. This chapter highlighted
the danger of the continued overreliance on a few crops and their varieties. It
prescribed the means for incorporating a wider diversity of farmers’ varieties/land-
races into crop production systems. These local crop genetic resources tend to be
adapted to low input production systems, which is prevalent in many food insecure
countries of the world. The underlying premise is that improving agricultural pro-
duction while using the diverse plant genetic resources available can benefit directly
the livelihoods of smallholder farmers and farming communities. The ensuing result
is a positive impact on food security and nutrition, environmental resilience and
effective management of crop diversity.

The Priority Activities of the Second GPA provide guidance for the enhanced
integration of farmers’ varieties/landraces into cropping systems. These include
recommendations for promoting on-farm crop diversity directly and the conserva-
tion of these critical resources in genebanks. The Second GPA also addresses con-
tinued genetic improvement of germplasm and suitable seed delivery systems,
especially those that are community-based and are tailored to low input production
systems. Advances in molecular genetics, phenotyping and computing capacities
enhance the prospects of generating compelling R&D outputs. In the same vein,
policies and strategic partnerships – at local, national, regional and global levels –
that facilitate the participation of a multiplicity of stakeholders are also critically
important.
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Abstract

Maize (Zea mays ssp. mays) originated from Mexico and Central America and grew 
worldwide for food, feed and industrial products components. It possesses ten chro-
mosomes with a genome size of 2.3 gigabases. Teosinte (Z. mays ssp. parviglumis) is the 
probable progenitor of the modern-day maize. The maize domestication favored stand-
ing gain of function and regulatory variations acquired the convergent phenotypes. 
The genomic loci teosinte branched 1 (tb1) and teosinte glume architecture 1 (tga1) played 
a central role in transforming teosinte to modern-day maize. Under domestication and 
crop improvement, only 2% (~1200) genes were undergone selection, out of ~60000 
genes. Around ~98% of the genes have not experienced selection; there is enormous 
variation present in the diverse inbred lines that can be potentially utilized to identify 
QTLs and crop improvement through plant breeding. The genomic resources of wild 
relatives and landraces harbor the unexplored genes/alleles for biotic/abiotic tolerance, 
productivity and nutritional quality. The human-made evolution led to the transforma-
tion of wild relatives/landraces to the modern-day maize. This chapter summarized 
the maize’s wild relatives/landraces and the genetic gain over time in biotic/abiotic, 
productivity, and nutritional quality traits.

Keywords: maize, teosinte, landrace, domestication, Zea mays

1. Introduction

Maize (Zea mays ssp. mays) is a member of the Maydae tribe of the Poaceae 
family, originated in Mexico and Central America. Maize with somatic chromo-
some 2n = 20, 2.3 gigabase of genome size and more than 60000 genes [1]. After 
Columbus entered the New World and introduced maize to Europe, it gradually 
spread worldwide [2]. Its production exceeds wheat (Triticum aestivum) and rice 
(Oryza sativa) nowadays (http://www.fao.org). It has emerged as a crop of global 
importance due to its use as human food, livestock feed and various industrial 
products. A significant portion of maize production is utilized as animal consump-
tion as it serves as important source of calories and protein in the developing 
countries [3]. A debate emerged at the beginning of the last century concerning 
the origin of maize. Maize ought to be derived from the cross between a close 
relative of maize and Tripsacum or the oldest wild maize is the progenitor of maize 
[4]. Subsequent archeological and genetical evidences indicated that teosinte 
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(Z. mays ssp. parviglumis) is the only ancestor of maize and is widely accepted [5, 6]. 
The discrepancy between teosinte and modern day maize were found around the 
Balsas River in southwestern Mexico around 9000 years ago [7].

The ancestor teosinte originated from Mexico, the selection by Native Americans 
for improved plant types and seed types become corn. According to modern breed-
ing, different generations of selection turned teosinte into landraces and ultimately 
to the modern-day maize. The modern day maize differs from teosinte in the key 
traits; for example, teosinte is characterized by multi-branched, tiny reproductive 
parts and two rows of seed. In comparison, the modern-day maize possesses 20–22 
kernel rows. The reproductive separation is not complete in primitive strains. The 
modern-day maize reproductive separation is complete, i.e., ear and tassels, taller 
plant height, erect stature, more light interception and more photosynthesis [4]. 
Domestication leads to the evolution of wild progenitor species to early domesti-
cated landraces and ultimately to modern cultivars. The loss of genetic diversity 
often accompanies domestication. Typically landraces are heterogeneous (non-
uniform) and, therefore, a good source of genetic diversity. Landraces are usually 
less diverse than wild relatives but more diverse than modern-day cultivars [8].

Typically, domesticated plant species’ wild relatives do not have all the desirable 
characteristics for normal agricultural production and use. Only a small portion 
of the genome’s selection and the key genes/QTLs/transcription factors involved 
under domestication have been identified and cloned [1]. In transforming teosinte 
into modern maize, genetic loci such as teosinte branched 1 (tb1) and teosinte glume 
architecture 1 (tga1) has played a pivotal role [9, 10]. The loci involved in transform-
ing plant architecture and morphology were shown to have a pleiotropic effect on 
other traits. This lead to the development of convergent phenotype of the modern-
day maize. Maize later spread from the centre of origin to various parts of the globe, 
including America, Europe, Africa and Asia. Genetic resources, especially wild 
relatives and landraces, harbor novel alleles/genes to impart resistance/tolerance to 
various biotic/abiotic stresses and boost productivity and nutrition quality. Teosintes 
and Tripsacum are native to Mexico and Central America among wild families, while 
in Southeast Asia, Coix, Chionachne, Sclerachne, Trilobachne and Polytoca originated. 
Landrace accessions with unexplored alleles/genes function as important donors 
with substantial characteristics.

This chapter summarizes the early crop domestication process from thou-
sands of years ago to modern-day plant breeders’ success in plant improvement. 
Understanding the domestication of crops and plant breeding provides a background 
for the importance, significance and usage of wild relatives of crops maintained 
either in situ or in gene banks. The importance of landrace accessions and wild 
relatives of maize in supplying useful genes for different essential traits has been 
addressed.

2. Evolution of maize

Maize (Zea mays ssp. mays, Taino: mahiz, Spanish: maíz), also known as corn 
(North American English), is a cereal grain that was first domesticated by indig-
enous people around 10,000 years ago in southern Mexico. The ancient farmers 
from Mexico took the initiative to domesticate the maize by only looking at their 
kernels. They observed that all plants are not the same; some kernels look better, 
taste better or easier to grind. They saved the kernels based on the beneficial charac-
teristics and used them to plant in the next season for their harvest. This forms 
artificial selection or selective breeding. Over time, with more rows of kernels, 
maize cobs grew bigger, gradually taking the form of modern maize. The identity 
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of maize’s progenitor or wild ancestor remained a mystery for a while compared 
to other crops. Although there are apparent wild relatives of other grains such as 
wheat and rice, there is no wild plant that looks like maize, with smooth, starchy 
kernels arranged along the cob. To explain the origin of maize, various researchers 
explained several theories/hypotheses: tripartite hypothesis, catastrophic theory 
of sexual transmutation, Tripsacum-Zea diploperennis hypothesis, and teosinte 
hypothesis were discussed and discussed in depth by various scientists.

The tripartite hypothesis stated that the progenitor of maize was the extinct 
popcorn. The crosses between corn and related genera Tripsacum lead to teosinte 
formation, with further crosses giving rise to the diversity of maize we observe 
today [11]. Among the theories, the teosinte hypothesis is the most accepted one. 
Teosinte does not look much like maize, particularly when its kernels are compared 
to maize kernels. But at the DNA level, the two are surprisingly alike. Both possess 
the same number of chromosomes and similar gene arrangements. The hybrids 
between teosinte and maize are fertile and can reproduce naturally. Beadle  
[4, 12, 13] was one of the first scientists to establish the close relationship between 
maize and teosinte. He proposed that ancient people cultivated teosinte for food. 
During the cultivation of teosinte, mutations arose and being selected by the 
people. A set of five major mutations transformed teosinte into maize. Beadle 
[4] has studied the advanced generations of teosinte × maize derived hybrids. In 
the F2 population of 5000 plants, the frequency of parental types was 1 in 500 
plants. He concluded that 5 major loci/genes are responsible for maize domestica-
tion based on simple Mendelian genetics. Later five major quantitative trait loci 
(QTLs) and QTLs with minor effect for the key traits differ for maize and teosinte 
[9]. Wright et al. [14] reported 2–4% of genes had been selected during evolution/
domestication by investigating around 774 genes. Out of a total of 3900–42000 
protein-coding genes, only 800–1700 (2–4%) protein-coding genes underwent 
selection during the process of domestication. With the advent of next-generation 
sequencing (NGS) techniques, Hoffard et al. [15] identified 484 domesticated 
loci, of which 107 loci were further selected during improvement. The evidence 
mentioned above suggests that only a small portion of the genome was selected 
during maize domestication and improvement.

Genetic studies have provided firm evidence that maize was domesticated from 
Balsas teosinte (Zea mays subspecies parviglumis). This wild relative is endemic to 
the mid-to lowland regions of southwestern Mexico. Thus, genetic data point to the 
primary diffusion of domesticated maize from the highlands rather than from the 
region of initial domestication. The gene flow between maize and its wild relatives 
meaningfully impacts geographic origins [16].

3. Genes selected under domestication

Selection during evolution, whether natural or artificial, acts through the phe-
notype. For multifaceted phenotypes such as plant and inflorescence architecture, 
the underlying genetic architecture comprises a complex network of interacting 
genes rather than single genes that act independently to determine the trait. As 
such, selection acts on entire gene networks [17]. A set of genes/loci were selected 
during domestication knowingly or unknowingly by farmers then breeders. The 
earlier selection mainly focused on plant morphology, ear size, seed type and single 
stalk etc., for transforming its wild progenitor to the modern-day maize. Only a few 
genes, i.e., 2% genes (1200 genes) of the 60000 genes of maize, have been selected 
during the process of domestication. Those genes that have experienced artificial 
selection have greatly reduced genetic diversity in modern germplasm. Therefore 
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cannot contribute to the variation for agronomically important traits. Artificial 
selection has impacted maize diversity during its domestication from teosinte (Zea 
mays ssp. parvglumis) to landraces and plant breeding from landraces to modern 
inbred lines. Artificial selection has impacted protein, oil, starch and amino acid 
content.

Maize domestication started around 10000 years ago. Early farmers selected 
and planted seeds from plants with beneficial traits while eliminating the undesir-
able ones. As a result of good alleles, i.e., alleles of genes controlling the favored 
traits, the frequency has been increased within the population. At the same time, 
bad/deleterious alleles frequency decreased. Such selection is made possible due 
to the tremendous availability of natural genetic variability in the teosintes. Over 
time, with current agricultural practices, certain combinations of genes have been 
selected. This includes major and minor gene mutations distinguishing from wild 
ancestors. That’s why only few genes are responsible for the transformation. Beadle 
and Doebley revealed that only five genes might be responsible for the dramatic 
morphological changes. The “one gene-one trait” model for such genes is still ques-
tionable. Although a small number of genes has striking effects, on-ear and plant 
morphology resulted in the maize evolution. However, the vast majority of genes 
have an only a modest effect. Thousand of genes were likely necessary to contribute 
to the transformation like, increase in the size of the ear, adapting maize to the 
modern agricultural practices and an increase in the maize kernel’s nutrient status.

3.1 Traits modified under domestication

3.1.1 Glume

Teosinte was characterized by hard glumes, the seed, which were passed through 
the digestive tract of the ruminants and not get digested. This ultimately serves as 
propagating material for the next generation under natural conditions. The locus 
tga1, teosinte glume architecture leads to a decrease in the size of glumes (Figure 1). 
It encodes the squamosa-promoter binding protein (SBP) transcription factor. 
This QTL has been mapped on chromosome 4 [18] and cloned [19]. Interestingly, 
in the tga1 promoter region, tga1 is regulated by tb1 via direct binding of tb1 to two 
GGNCCC motifs [20].

Figure 1. 
Morphological changes during maize domestication and the underlying key genes.
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3.1.2 Plant architecture

The loci teosinte branched 1 (tb1) responsible for the transformation from many 
tillers, many inflorescence to the single stalk with single inflorescence in the modern 
day maize. Concentrating the energy resources in a single ear and stalk made it pos-
sible to increase the ear size. The tb1 encodes the TCP family transcription factor, 
i.e., TEOSINTE BRANCHED1/CYCLOIDEA/PROLIFERATING CELL NUCLEAR 
ANTIGEN FACTOR, which is mapped for apical dominance and inflorescence 
development [10]. The tb1 was mapped by transposon tagging, which leads to the 
inhibition of axillary bud formation and transformation to female inflorescence 
[21, 22]. The causal variant of this phenotype was transposable element (TE) in the 
upstream of tb1 suggests the role of long range chromatin insertions in the maize 
domestication [23]. The ortholog tb1 locus also has been reported in the other crops 
suggesting its conserved nature in other plant species. In rice OsTB1 with negative 
regulation [24], BRC1 in Arabidopsis thaliana [25], HvTB1 for higher tiller number 
in barley [26]; TaTB1 along with FLOWERING LOCUS T1 regulates inflorescence 
architecture in wheat [27]. These conserved loci of tb1 explained the evidence for its 
role during domestication.

3.1.3 Others

QTLs at genes responsible for shattering vs. solid cobs, single vs. paired spikelets 
and distichous (two rank ear) vs. polystichous (> four ranks ear). The gene Zea 
floricaula leafy2 (zfl2) primarily regulates the teosinte ear’s two ranks [9, 28]. Sweet 
maize and popcorn retain tillering growth habit during maize diversification. 
However, the underlying molecular genetic mechanism remains unknown. The 
retention of maize tillering is controlled by a major quantitative trait locus (QTL), 
tin1, which encodes a C2H2-zinc-finger transcription factor that acts independently 
of tb1. tin1 is involved in multiple pathways, directly represses two tiller-related 
genes, gt1 and Laba1/An-2, and interacts with three TOPLESS proteins to regulate 
the tiller buds’ outgrowth. Therefore maize tin1, derived from a standing variation 
in wild progenitor teosinte population, determines tillering retention during maize 
diversification [29].

Characterization of variations in the Four-row Wax landrace of China reported 
kernel row number (KRN) related genes and KRN QTL regions revealed potential 
causal mutations in fea2, td1, kn1, and te1 [30].

3.1.4 Starch

In the initial phase of domestication, the focus was mainly on the plant shape 
and ear morphology. Many additional traits were acts as the targets from recent 
years. Grain yield, ear size (increased from 2 cm to 30 cm), quality and starch. 
Starch is the major byproduct of maize, constitutes ~73% of kernels’ total weight. 
The three loci, i.e., Su1, bt2 and ae2, are targets of selection during maize domestica-
tion and improvement. Tassel, seed2 and dwarf8 as the targets of selection based on 
a screen of genes on chromosome1 [31, 32].

3.2 QTLs beyond the domesticated genes

Various QTLs were reported beyond the domesticated genes/loci affecting 
the morphological traits (Table 1). Around 314 QTLs were identified for 22 mor-
phological traits involved in domestication and improvement [34]. Out of 314 
QTLs, only 14 QTLs explained phenotypic variation >10 percent, affecting the 
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the tiller buds’ outgrowth. Therefore maize tin1, derived from a standing variation 
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3.2 QTLs beyond the domesticated genes
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morphological traits. Further research leads to the cloning of some of these QTLs, 
enabling identifying differences in the morphological traits between maize and 
teosinte. Plant architecture grassy tillers1 (gt1) encodes the Homeodomain leucine 
zipper transcription factor [40]. Plant architecture is impacted by the enhanced 
expression of BTB/POZ ankyrin repeat protein and Homeodomain leucine zipper 
transcription factor encoded by tru1 and grassy tillers1 (gt1), respectively [33, 41]. 
The increased expression of transcription factors encoded by gt1 (grassy tillers1) and 
tru1 (tassels replace upper ears1) encodes Homeodomain leucine zipper transcription 
factor BTB/POZ ankyrin repeat protein [33, 40, 41]. Tassels replace the upper ears1 
(tru1) confers a sexual conversion of the terminal lateral inflorescence in teosinte 
to ear (pistillate) in maize from tassel (staminate). Other genes for seed filling 
ZmSWEET4c [42], UB3, ids1/Ts6 for kernel row number [43], shattering ZmSh1–1, 
ZmSh1–5.1 + ZmSh1–5.2 [37] and for inflorescence architecture ra1 [44], were 
cloned, key domesticated genes of maize. Most of these domesticated genes were 
the transcription factors that were unregulated during domestication. A maize-
teosinte-derived BC2S3 population, the QTLs UPA1 (Upright Plant Architecture1) 
and UPA2, which confer on upright plant architecture, were identified. The teosinte 
allele at UPA2, which reduces leaf angle, was lost during maize domestication [45]. 
More compact plants and improved yields under high planting densities could be 
developed by incorporating this allele into modern maize hybrids [45, 46].

SN. Trait Gene/QTLs Chromosome Phenotype Reference

1. Plant 
architecture

teosinte branched1 
(tb1),

grassy tillers 1 (gt1)

1 Number 
of basal 

branches or 
tillers,

Limited 
number of 
large ears

[28, 33]

2. Glume hardness teosinte glume 
architecture1 (tga1)

4 Inhibits 
secondary 

sexual traits 
in the female 

flower, 
preventing 

glumes from 
hardening

[9, 28, 34]

3. Paired and 
single spikelets 

of maize

ramosa1, ramosa2, 
ramosa3, ramosa7

7
3

High number 
of kernels 

in each row 
of the ear 

of modern 
maize parents

[35, 36]

4. Distichous and 
polystichous ear

Zea floricaula 
leafy2(zfl2),

Zea floricaula 
leafy1(zfl1)

2
10

Multiple 
ear ranks 
along the 

inflorescence 
meristem

[9, 28, 34]

5. Disarticulating 
rachides 
and non-

disarticulating 
rachises

ZmSh1–1,
ZmSh1–

5.1 + ZmSh1–5.2,
Zga1

1
5

Shattering,
ear size

[33, 37–39]

Table 1. 
QTLs/gene their chromosome location and phenotype.
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4.  Pleiotropic gene interactions during smaize domestication  
and improvement

Pleiotropy generally describes the effect of an allele of a gene for producing an 
unrelated phenotype. It affects the path of evolution as it facilitates if a directional 
selection of a phenotype affects other beneficial phenotypes’ fitness or restricts 
if the allele has the deleterious effect on another phenotype. Generally, the devel-
opmental traits reveal pleiotropy by explaining the association among flowering 
time in male and female flowers [47], ear and tassel developmental traits [48], leaf 
length and flower length [49]. Apart from these, QTLs responsible for tassel and ear 
development are also responsible for flowering time [50].

Understanding pleiotropy and the association between phenotypes will help to 
explain the selection outcome constraints. For example, the maize allele at zfl2 is 
responsible for spiral ear phyllotaxy that increases the kernel number and is involved 
in other traits like early flowering [51]. So in a well-adapted environment stabilizing 
selection for flowering might limit directional selection for kernel number. Therefore 
such pleiotropy may limit domestication alleles when selection disallows variation.

Various researchers have reported that domestication alleles were pleiotropic 
[11, 12, 52, 53]. The teosinte branched1 (tb1) is pleiotropic across many traits; apical 
dominance, growth of leaves on the lateral branches, length of lateral branches, ear 
and root architecture [54]. tb1, as a transcription factor, binds to many locations 
in the genome. It directly regulates gt1 by binding to its promoter. Still, it directly 
affects the cell cycle by suppressing many cell cycle genes (proliferating cell nuclear 
antigen2 (pcna2) and minichromosome maintenance2/prolifera (mcm2/prl) [20]. zga1 
is a MADS-box transcription factor associated with ear size and has a pleiotropic 
effect on flowering time [33]. tga1, a glume architecture allele shown to have pleio-
tropic effect on lateral branch lengthy, ear phyllotaxy and ear disarticulation [55].

5.  Effect of maize domestication on genetic diversity (Domestication 
Bottleneck)

Both domestication and artificial selection during crop improvement led to 
selecting only desirable/beneficial traits, resulting in the reduced genetic diversity 
of the unselected genes. During the process of domestication, nearly all crop species 
experience “Domestication Syndrome” or “Domestication Bottleneck” [22, 56]. 
These effects happen in two stages; i) initial bottleneck effect, when a subset of crop 
wild species population brought under cultivation and ii) subsequent reduction in 
the genetic diversity through selective breeding for the desirable traits during crop 
improvement is improvement bottleneck. Among crop species, maize experiences 
a relatively mild genetic bottleneck, as domesticated maize retains around ~81% of 
the genetic diversity of teosinte [15]. Approximately 2–4% of genes were the target 
during the initial domestication and crop improvement stage [14, 15]. It is estab-
lished that genetic diversity generally declines with the domestication of teosinte to 
the landraces. Subsequently, modern plant breeding reduces the genetic diversity of 
modern-day maize inbred lines relative to the landraces (Figure 2). Therefore such 
genes strongly influenced by domestication or improvement are enriched in modern 
improved varieties in the subset of genes that show low nucleotide diversity [14]. 
Yamasaki et al. [57] proposed a model containing three types of genes: ‘neutral genes 
that demonstrate diversity reduction by general bottleneck effects, domestication 
genes in which diversity by selection between the teosintes and landraces is signifi-
cantly reduced, and improvement genes in which diversity by selection between 
landraces and inbreds is significantly reduced (Figure 2).’
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4.  Pleiotropic gene interactions during smaize domestication  
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Pleiotropy generally describes the effect of an allele of a gene for producing an 
unrelated phenotype. It affects the path of evolution as it facilitates if a directional 
selection of a phenotype affects other beneficial phenotypes’ fitness or restricts 
if the allele has the deleterious effect on another phenotype. Generally, the devel-
opmental traits reveal pleiotropy by explaining the association among flowering 
time in male and female flowers [47], ear and tassel developmental traits [48], leaf 
length and flower length [49]. Apart from these, QTLs responsible for tassel and ear 
development are also responsible for flowering time [50].

Understanding pleiotropy and the association between phenotypes will help to 
explain the selection outcome constraints. For example, the maize allele at zfl2 is 
responsible for spiral ear phyllotaxy that increases the kernel number and is involved 
in other traits like early flowering [51]. So in a well-adapted environment stabilizing 
selection for flowering might limit directional selection for kernel number. Therefore 
such pleiotropy may limit domestication alleles when selection disallows variation.

Various researchers have reported that domestication alleles were pleiotropic 
[11, 12, 52, 53]. The teosinte branched1 (tb1) is pleiotropic across many traits; apical 
dominance, growth of leaves on the lateral branches, length of lateral branches, ear 
and root architecture [54]. tb1, as a transcription factor, binds to many locations 
in the genome. It directly regulates gt1 by binding to its promoter. Still, it directly 
affects the cell cycle by suppressing many cell cycle genes (proliferating cell nuclear 
antigen2 (pcna2) and minichromosome maintenance2/prolifera (mcm2/prl) [20]. zga1 
is a MADS-box transcription factor associated with ear size and has a pleiotropic 
effect on flowering time [33]. tga1, a glume architecture allele shown to have pleio-
tropic effect on lateral branch lengthy, ear phyllotaxy and ear disarticulation [55].

5.  Effect of maize domestication on genetic diversity (Domestication 
Bottleneck)

Both domestication and artificial selection during crop improvement led to 
selecting only desirable/beneficial traits, resulting in the reduced genetic diversity 
of the unselected genes. During the process of domestication, nearly all crop species 
experience “Domestication Syndrome” or “Domestication Bottleneck” [22, 56]. 
These effects happen in two stages; i) initial bottleneck effect, when a subset of crop 
wild species population brought under cultivation and ii) subsequent reduction in 
the genetic diversity through selective breeding for the desirable traits during crop 
improvement is improvement bottleneck. Among crop species, maize experiences 
a relatively mild genetic bottleneck, as domesticated maize retains around ~81% of 
the genetic diversity of teosinte [15]. Approximately 2–4% of genes were the target 
during the initial domestication and crop improvement stage [14, 15]. It is estab-
lished that genetic diversity generally declines with the domestication of teosinte to 
the landraces. Subsequently, modern plant breeding reduces the genetic diversity of 
modern-day maize inbred lines relative to the landraces (Figure 2). Therefore such 
genes strongly influenced by domestication or improvement are enriched in modern 
improved varieties in the subset of genes that show low nucleotide diversity [14]. 
Yamasaki et al. [57] proposed a model containing three types of genes: ‘neutral genes 
that demonstrate diversity reduction by general bottleneck effects, domestication 
genes in which diversity by selection between the teosintes and landraces is signifi-
cantly reduced, and improvement genes in which diversity by selection between 
landraces and inbreds is significantly reduced (Figure 2).’
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The genes that experienced artificial selection during domestication and crop 
improvement have significantly reduced genetic diversity in the modern germplasm 
and cannot contribute to the agro morphological traits. Therefore the selected genes 
are difficult to identify in the genetic screens and may not be useful in traditional 
breeding programmes. If we need to utilize the selected genes fully, the new varia-
tion must be reintroduced from teosintes. Additionally, for the 98% of genes, which 
do not experience selection during domestication and crop improvement, there are 
huge genetic variations in the diverse inbred lines that could be utilized by identify-
ing the genetic loci/QTLs and improvement through plant breeding.

6. Wild relatives of maize

Wild relatives of crops are the species of wild plants that are genetically linked to 
cultivated crops. Unattended by humans, they continue to grow in the wild, devel-
oping traits that farmers and breeders can cross with domesticated crops to produce 
new varieties, such as drought tolerance or pest resistance. The Zea genus of grass 
consists of seven genera with different chromosome numbers divided into two 
groups: viz. old-world and new world groups. Chionachne, Coix, Polytoca, Sclerachne 
and Trilobachne originated in Southeast Asia and belonged to the old-world group. 
The new world group consists of Zea and Tripsacum and originated in Mexico and 
Central America. Zea mays ssp. mays is the only species of economic importance and 
other species referred to as teosintes.

7. Landraces of maize

A landrace is defined as ‘dynamic population(s) of a cultivated plant that has a 
historical origin, distinct identity, and lacks formal crop improvement and often 

Figure 2. 
Domestication and plant breeding effects on genetic diversity of maize genes [redrawn from Yamasaki et al. 
[57]]: Shapes with different color represents different genes and shaded area depicts the bottleneck effect.
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being genetically diverse, locally adapted, and associated with traditional farming 
systems’ [58]. Compared to other crops, maize has tremendous genetic diversity, 
which offers potential for crop improvement for biotic/abiotic stresses, nutritional 
quality and grain yield. In landraces, the diversity/genetic variations lie within-
population rather than among populations. Worldwide, the landraces have been 
characterized both morphologically and molecularly. The genetic variability present 
in the available landraces has been utilized to improve agro morphological traits, 
biotic/abiotic stresses and specialty traits. In crop centers of origin and diversity, 
often biotic and abiotic conditions vary across the landscape, creating the possibil-
ity of local adaptation of crops. Local landraces perform better than non-local ones 
under local conditions. Some of the examples of their utilization are given below:

7.1 Agromorphological traits

The conservation of landraces is fundamental to safeguarding crop diversity, 
food security, and sustainable production. ‘Jala’ is a particular maize landrace from 
the region in and around the Jala Valley of Mexico that produces the largest ear 
and tallest plant of all maize landraces in the world. Changing socio-economic and 
environmental conditions in the Jala Valley could lead to the genetic erosion of the 
ancestral ‘Jala’ landrace, leading to global consequences [59]. In southwest China, 
Four-row Wax landrace, with four rows of kernels on the cob.

7.2 Tolerance to abiotic stresses

Maize landrace accessions constitute an invaluable gene pool of unexplored 
alleles that can be harnessed to mitigate the challenges of the narrowing genetic 
base, declined genetic gains, and reduced resilience to abiotic stress in modern 
varieties developed from repeated recycling of few superior breeding lines. Some 
landraces of Mexico origin that imparts abiotic stress tolerance are Bolita, Breve de 
Padilla, Conica, Conica Nortena, Chalqueno × Ancho de Tehuacan cross (alkalin-
ity tolerant), La Posta Sequia, Nal Tel, Oloton (acid soil tolerant) and Tuxpeno 
(drought tolerant) [60]. At CIMMYT, the production of inbred lines, drought-
tolerant population-1 (DTP-1) and drought-tolerant population-2 (DTP-2)  
is exploited for imparting drought tolerance. Some of the inbred lines derived 
from ‘La Posta Sequia’ were reported to have drought and heat tolerance [61]. 
Maize landraces L25, L14, L1, and L3, are reported as the most valuable source 
of drought tolerance [62]. A higher transcript accumulation in shoot tissues of 
ZmATG genes reported in landrace ‘Argentino Amarelo’ under the osmotic stress 
conditions compared to landrace ‘Taquarão’ [63]. Nelimor et al. [64] identified 
extra-early maize landraces that express tolerance to drought and heat stress. Root 
system architecture plays a crucial role in water and nutrient acquisition in maize. 
ZmCKX5 (cytokinin oxidase/dehydrogenase) was resequenced in maize landraces 
and revealed its importance in developing the maize root system [65].

7.3 Resistance to biotic stresses

Maize crops encounter a lot of diseases due to their wide distribution. Among 
fungal diseases, Turcicum leaf blight (TLB) and Maydis leaf blight (MLB) results in 
the decline In maize production throughout the world. A subpopulation Tuxpeno 
Crema derived from the landrace Tuxpeno known to possess resistance to the foliar 
diseases [66]. Palomero Toluqueno, a landrace of popcorn reported to have resis-
tance to the maize weevil [67], few Carrebian landraces possess resistance to larger 
grain borer [68]. Two Kenyan maize landraces (Jowi and Nyamula) and one Latin 
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being genetically diverse, locally adapted, and associated with traditional farming 
systems’ [58]. Compared to other crops, maize has tremendous genetic diversity, 
which offers potential for crop improvement for biotic/abiotic stresses, nutritional 
quality and grain yield. In landraces, the diversity/genetic variations lie within-
population rather than among populations. Worldwide, the landraces have been 
characterized both morphologically and molecularly. The genetic variability present 
in the available landraces has been utilized to improve agro morphological traits, 
biotic/abiotic stresses and specialty traits. In crop centers of origin and diversity, 
often biotic and abiotic conditions vary across the landscape, creating the possibil-
ity of local adaptation of crops. Local landraces perform better than non-local ones 
under local conditions. Some of the examples of their utilization are given below:

7.1 Agromorphological traits

The conservation of landraces is fundamental to safeguarding crop diversity, 
food security, and sustainable production. ‘Jala’ is a particular maize landrace from 
the region in and around the Jala Valley of Mexico that produces the largest ear 
and tallest plant of all maize landraces in the world. Changing socio-economic and 
environmental conditions in the Jala Valley could lead to the genetic erosion of the 
ancestral ‘Jala’ landrace, leading to global consequences [59]. In southwest China, 
Four-row Wax landrace, with four rows of kernels on the cob.

7.2 Tolerance to abiotic stresses

Maize landrace accessions constitute an invaluable gene pool of unexplored 
alleles that can be harnessed to mitigate the challenges of the narrowing genetic 
base, declined genetic gains, and reduced resilience to abiotic stress in modern 
varieties developed from repeated recycling of few superior breeding lines. Some 
landraces of Mexico origin that imparts abiotic stress tolerance are Bolita, Breve de 
Padilla, Conica, Conica Nortena, Chalqueno × Ancho de Tehuacan cross (alkalin-
ity tolerant), La Posta Sequia, Nal Tel, Oloton (acid soil tolerant) and Tuxpeno 
(drought tolerant) [60]. At CIMMYT, the production of inbred lines, drought-
tolerant population-1 (DTP-1) and drought-tolerant population-2 (DTP-2)  
is exploited for imparting drought tolerance. Some of the inbred lines derived 
from ‘La Posta Sequia’ were reported to have drought and heat tolerance [61]. 
Maize landraces L25, L14, L1, and L3, are reported as the most valuable source 
of drought tolerance [62]. A higher transcript accumulation in shoot tissues of 
ZmATG genes reported in landrace ‘Argentino Amarelo’ under the osmotic stress 
conditions compared to landrace ‘Taquarão’ [63]. Nelimor et al. [64] identified 
extra-early maize landraces that express tolerance to drought and heat stress. Root 
system architecture plays a crucial role in water and nutrient acquisition in maize. 
ZmCKX5 (cytokinin oxidase/dehydrogenase) was resequenced in maize landraces 
and revealed its importance in developing the maize root system [65].

7.3 Resistance to biotic stresses

Maize crops encounter a lot of diseases due to their wide distribution. Among 
fungal diseases, Turcicum leaf blight (TLB) and Maydis leaf blight (MLB) results in 
the decline In maize production throughout the world. A subpopulation Tuxpeno 
Crema derived from the landrace Tuxpeno known to possess resistance to the foliar 
diseases [66]. Palomero Toluqueno, a landrace of popcorn reported to have resis-
tance to the maize weevil [67], few Carrebian landraces possess resistance to larger 
grain borer [68]. Two Kenyan maize landraces (Jowi and Nyamula) and one Latin 
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American landrace (Cuba 91) shown a lower number of eggs and egg batches depo-
sition of C. partellus due to production of herbivore-induced plant volatiles (HIPVs) 
[69, 70]. The fall armyworm Spodoptera frugiperda J. E. Smith (Lepidoptera: 
Noctuidae) is one of the most damaging maize production pests in tropical areas. 
The maize landraces ‘Chimbo’ and ‘Elotillo’ had the lowest leaf damage, calculated 
by the area under the severity progress curve [71]. The maize landrace ‘Pérola’ from 
Brazil showed resistance to fall armyworm in the winter and summer seasons [72].

7.4 Enhancement of specialty traits

A northeastern Indian landrace, ‘Murlimakkai,’ was utilized to develop Baby 
Corn composite VL Baby Corn [60]. Several landraces, viz., Azul, Bolita, Tlacoya, 
Pepitilla and Oaxaqueno, were very popular and utilized for tortilla quality. 
Mexican popcorn landrace ‘Palomero,’ utilized to understand the landrace structure 
and improvement in the popping quality. Landraces had significantly higher values 
than checks for oil content, oleic acid, MUFA and tocopherol contents. Genetic 
analyses suggest that the kernel quality traits could be successfully manipulated 
using the investigated plant material [73].

7.5 Unlocking the genetic variability present in the landraces

Using landraces for broadening the genetic base of elite maize germplasm is 
hampered by heterogeneity and high genetic load. Production of DH line libraries 
can help to overcome these problems. Landraces of maize (Zea mays L.) represent 
a vast reservoir of genetic diversity untapped by breeders. Genetic heterogeneity 
and a high genetic load hamper their use in hybrid breeding. Production of doubled 
haploid line libraries (DHL) by the in vivo haploid induction method promises 
to overcome these problems. Böhm et al. [74] developed doubled haploid lines 
from European flint landraces and reported considerable breeding progress. This 
reveals that there is tremendous potential of landraces for broadening the narrow 
genetic base of elite germplasm. DH technology’s use demonstrated broadening the 
flint heterotic pool’s narrow genetic base [75]. Altogether, the DH technology also 
provides new opportunities for characterizing and utilizing the genetic diversity 
present in gene bank accessions of maize [76].

8. Conclusions

The domestication and crop improvement processes lead to converting teosinte 
into landraces and subsequently to the modern-day maize inbred. During domes-
tication, based on genetic evidence, it is clear that selection was mainly focused on 
five genes. This leads to the change in the architecture and morphology of teosinte 
into maize. Maize has evolved distinct genetic solution towards domestication: 
domestication of maize has involved distinct genetic and regulatory networks have 
been used to acquire convergent phenotypes. During domestication and artificial 
selection, only a small part of the genome underwent selection, which ultimately 
led to the modern-day maize. So, wild relatives and landraces encompassing the 
unselected genes possess enormous potential as the donor for beneficial genes/
alleles. The derived inbred lines from such material could not be directly utilized 
in the breeding programme. They must be utilized as a donor for the specific traits, 
i.e., tolerance to biotic/abiotic stresses and nutritional quality traits. The utilization 
of wild relatives and landraces in the breeding programmes is not that easy; utiliza-
tion of bridging species and embryo rescue provides the solution to this problem. 
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American landrace (Cuba 91) shown a lower number of eggs and egg batches depo-
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Using landraces for broadening the genetic base of elite maize germplasm is 
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genetic base of elite germplasm. DH technology’s use demonstrated broadening the 
flint heterotic pool’s narrow genetic base [75]. Altogether, the DH technology also 
provides new opportunities for characterizing and utilizing the genetic diversity 
present in gene bank accessions of maize [76].
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five genes. This leads to the change in the architecture and morphology of teosinte 
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domestication of maize has involved distinct genetic and regulatory networks have 
been used to acquire convergent phenotypes. During domestication and artificial 
selection, only a small part of the genome underwent selection, which ultimately 
led to the modern-day maize. So, wild relatives and landraces encompassing the 
unselected genes possess enormous potential as the donor for beneficial genes/
alleles. The derived inbred lines from such material could not be directly utilized 
in the breeding programme. They must be utilized as a donor for the specific traits, 
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Abstract

Coffea arabica L. produces a high-quality beverage, with pleasant aroma and 
flavor, but diseases, pests and abiotic stresses often affect its yield. Therefore, 
improving important agronomic traits of this commercial specie remains a target 
for most coffee improvement programs. With advances in genomic and sequenc-
ing technology, it is feasible to understand the coffee genome and the molecular 
inheritance underlying coffee traits, thereby helping improve the efficiency of 
breeding programs. Thanks to the rapid development of genomic resources and the 
publication of the C. canephora reference genome, third-generation markers based 
on single-nucleotide polymorphisms (SNPs) have gradually been identified and 
assayed in Coffea, particularly in C. arabica. However, high-throughput genotyping 
assays are still needed in order to rapidly characterize the coffee genetic diversity 
and to evaluate the introgression of different cultivars in a cost-effective way. The 
DArTseq™ platform, developed by Diversity Arrays Technology, is one of these 
approaches that has experienced an increasing interest worldwide since it is able 
to generate thousands of high quality SNPs in a timely and cost-effective manner. 
These validated SNP markers will be useful to molecular genetics and for innovative 
approaches in coffee breeding.

Keywords: Coffea spp., high throughput genotyping, molecular markers,  
plant breeding, DArTseq

1. Introduction

Coffee is an important crop and the second most traded commodity in the world 
(after petroleum) providing a living to more than 125 million people. Commercial 
coffee production is controlled by only two species belonging to the Coffea genus: 
Coffea arabica L. (Arabica coffee) and Coffea canephora Pierre ex A. Froehner 
(Robusta coffee), which supplied 60 and 40% of the world coffee production in 
2018/19, respectively [1]. Although C. canephora does not have the cup quality of 
the more popular C. arabica, it continues to be widely grown, especially in regions 
where farming is low intensive because of its tolerance to diseases and pests as well 
as abiotic stresses [2].

C. arabica produces a high-quality beverage, with pleasant aroma and flavor, but 
a range of biotic and abiotic stresses often affect its yield [3]. Therefore, improving 
important agronomic traits of both commercial species remains a target for most 
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Coffee is an important crop and the second most traded commodity in the world 
(after petroleum) providing a living to more than 125 million people. Commercial 
coffee production is controlled by only two species belonging to the Coffea genus: 
Coffea arabica L. (Arabica coffee) and Coffea canephora Pierre ex A. Froehner 
(Robusta coffee), which supplied 60 and 40% of the world coffee production in 
2018/19, respectively [1]. Although C. canephora does not have the cup quality of 
the more popular C. arabica, it continues to be widely grown, especially in regions 
where farming is low intensive because of its tolerance to diseases and pests as well 
as abiotic stresses [2].

C. arabica produces a high-quality beverage, with pleasant aroma and flavor, but 
a range of biotic and abiotic stresses often affect its yield [3]. Therefore, improving 
important agronomic traits of both commercial species remains a target for most 
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coffee breeding programs. Advances in genomic and sequencing technology, make 
possible to understand the coffee genome and the molecular inheritance underlying 
coffee traits, thereby helping improve the efficiency of coffee breeding [3].

The development of new genomic tools can help us explore, more deeply 
and more precisely, the genomic diversity at intra and inter-specific levels [4]. 
Two examples of high-throughput platforms include next-generation sequenc-
ing (NGS) [5] and the development of DNA microarrays [6]. Compared to 
a whole-genome sequencing methodology, an SNP array approach provides 
time-effective, low-cost and more straightforward genotyping technology for 
germplasm screening [7, 8].

Thanks to the rapid development of genomic resources and the publication of 
the reference genome [9], third-generation markers based on single-nucleotide 
polymorphisms (SNPs) have gradually been identified and assayed in Coffea, 
particularly in C. arabica [10, 11].

2. Genetic diversity of Coffea arabica L.

The Coffea genus belongs to the Rubiaceae family that includes around 124 species, 
most of them are diploids (2n = 2x = 22). The only allotetraploid is C. arabica L. 
with 2n = 4x = 44 [12], which was originated from the natural cross between Coffea 
eugenioides S. Moore and C. canephora Pierre ex A. Froehner [13], C. arabica is the only 
self-fertile among the other cultivated species. This specie is genetically less diverse 
when compared to the diploid species [14, 15], a situation that has been associated 
with its susceptibility to the common coffee diseases [16].

C. arabica is mainly native to the highlands of southwestern Ethiopia, South 
Sudan (Boma plateau), and north Kenya (Mount Marsabi). C. arabica cultivars 
grown all around the world are derived from either ‘Typica’ or ‘Bourbon’ genetic 
base [17]. Studies report wide agronomic diversity of Arabica coffee accessions 
collected in these regions of Ethiopia regarding leaf size, height, biotic and abiotic 
stresses tolerance and yield [18, 19]. In addition, studies using molecular markers 
indicated the presence of higher genetic variability of Ethiopian (ET) accessions 
compared with cultivars, demonstrating the potential of these accessions for 
breeding purposes [10, 20–23]. These accessions also showed a great variability of 
metabolite profiles contents of coffee beans for cup quality improvement [10, 24].

The assessment of population structure and genetic relationships of these ET 
accessions, among themselves and in relation to traditional cultivars is fundamental 
for efficient use of genetic diversity of these genotypes in Arabica coffee breeding 
programs [25]. However, selection of genetically diverse parental lines based on 
morphological and agronomic traits is often difficult because of a high degree of 
morphological similarities [26].

During the past 30 years, molecular markers have been increasingly used in 
germplasm diversity assessment of various crops [27, 28]. The molecular informa-
tion allows gaining insight into the genetic structure of individual genotypes, and 
eventually helps in accurate selection of superior genotypes for maximizing selection 
gains [29].

3. C. arabica diversity assessment by molecular markers

Several works on the assessment of Arabica genetic diversity have been carried 
out with different results. Generally, among different types of material (cultivars, 
accessions, hybrids, and spontaneous genotypes) practically all studies show a very 
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low genetic variation by using different marker systems [3]. Arabica’s genetic diver-
sity has been evaluated by a range of molecular markers, such as Random Amplified 
Polymorphic DNA (RAPD) [30, 31], Inter Simple Sequence Repeat (ISSR) [32], 
Simple Sequence Repeat (SSR) [23, 29, 33, 34], SSR and Amplified Fragment 
Length Polymorphism (AFLP) [35, 36].

In a recent study presented in the World Coffee Research annual report a genetic 
diversity assessment of 800 Arabica’s accessions from the collection at CATIE, Costa 
Rica, shows the least genetic diversity of C. arabica compared to other major crops 
[37]. This study also found that coffee cultivars contain almost 45% of the genetic 
diversity found in the 800 above-mentioned accessions indicating the limitation of 
variability for breeding programs [3]. Therefore, it is crucial to assess the popula-
tion structure and its genetic diversity in Coffea genus.

Of course, all C. arabica germplasm available in ex situ collections may represent 
only a fraction of the total genetic diversity of the remaining wild and semi-wild 
forest coffees in S.W. Ethiopia [38]. However, Arabica’s breeders do have already 
an idea of the potential and limits of ET germplasm, in particular in regard to host 
resistances to diseases and pests. For example, none of the modern Arabica cultivars 
with host resistances to CLR derive from these ET germplasm [39]. Also cultivars 
resistant to CBD outside Ethiopia do not have ET germplasm as progenitors [40], 
while nematode resistance found in ET accessions provide only limited protection 
to the severe nematode problems in Central America [41].

In contrast, ET germplasm may be a good source for sensory quality traits in 
cup. The cup quality profile of the new Arabica’s F1-hybrids developed for Central 
America is said to derive largely from one of the two progenitors, being a selected 
ET accession of the FAO-1964 pool [42]. Silvarolla et al. found three coffee plants 
in offspring of ET germplasm, which were nearly caffeine-free [43]. Male sterility 
has been detected in a few ET accessions, a character useful for F1-hybrid seed 
production [44].

4. Next generation sequencing techniques in C. arabica

NGS incorporate technologies which, at low cost and in short time, produce 
millions of short DNA sequence. The most commonly used platforms for high-
throughput, useful genomic research, especially in non-model plant species include 
second generation sequencing techniques (SGseqTs): Illumina/Solexa, 454/Roche, 
ABI/SOLiD, and Helicos (read mostly in the range of 25 and 700 bp in length) [45]. 
Results obtained from such research point to the fact that NGS techniques (NGSTs) 
should not be restricted to the genomes of model organisms only as non-model 
plants have provided useful resources for genomic studies [45].

In contrast to classical molecular markers, SNPs are the most abundant markers, 
particularly in the non-coding regions of the genome [46]. NGS used jointly with 
different complexity reduction methods, Genotyping by sequencing (GBS) and 
DArTseq™ (Sequencing-based diversity array technology) methods, enable a large-
scale discovery of SNPs in a wide variety of non-model organisms [47–49]. These 
techniques provide measures of genetic divergence and diversity within the major 
genetic clusters that comprise crop germplasm [50].

The genotyping profiles of SNPs can be compared across laboratories and 
sequencing platforms. These benefits have resulted in the increasing use of SNPs as 
high-quality markers for genotype identification in a wide range of crops [51], as 
recently demonstrated in cacao (Theobroma cacao; [52]), pummelo (Citrus maxima; 
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Although significant, the number of reports concerning genomic resources in 
Coffea, even for a specie of commercial importance, such as C. arabica, is still low. 
Already, genotyping profiles of SNPs were identified and tested in C. arabica by 
Moncada et al. [57], Sousa et al. [29], Sant’Ana et al. [10] and Merot-L’anthoene et al. 
[4]. High-throughput genotyping assays are still needed in order to rapidly character-
ize the coffee genetic diversity and to evaluate the introgression of different cultivars 
in a cost-effective way. Measures must be taken to construct high-density genetic maps 
in Coffea [57, 58]. However, the use of SNP markers to generate denser maps is still low.

5. DArTseq™: an effective tool for genome diversity in C. arabica

The DArTseq™ technology, developed by DArT company (https://www.diver-
sityarrays.com), is one of those methods that have received increasing interest 
worldwide since it can generate thousands of high-quality SNPs in a timely and 
cost-effective manner [59, 60]. The DArTseq™ method, a variation of GBS, imple-
ments complexity reduction methods that effectively targets low-copy sequences of 
the genome [61]. Besides, this process is optimized for each organism and type of 
study, by using combinations of restriction enzymes (REs) and selecting the most 
effective in reducing genome complexity [59].

The DArTseq™ technology has been utilized in diploid but more often in 
polyploid plant species, such as rice (Oryza sativa; [62]), barley (Hordeum vulgare; 
[63]) and maize (Zea mays; [64]), because SNP detection is facilitated by high 
fidelity REs, rather than relying on the annealing of primers to genomic targets in 
the presence of homologous annealing sequences [65].

In coffee, we have reported a genetic diversity study in 87 accessions of Coffea 
spp. These accessions were selected from the National Coffee Germplasm Bank 
located at 19°10′ 27” N and 96° 57′ 50” W and 1345 masl, in Huatusco, Veracruz, 
Mexico. Accessions were previously characterized by DArTseq™ method and SNP 
markers in Spinoso-Castillo et al. [66].

As a result, 16,995 SNP markers, derived from 34,000 unique sequences, were 
obtained by DArTseq™ from 87 accessions of different Coffea spp. After removing 
the markers with more than 10% of the missing data and MAF <5%, there were 
1,739 polymorphic SNP markers for the analysis. After imputation and elimination 
of markers based on MAF, a heat map of the 87 accessions was obtained by using 
the genomic relations matrix G (Figure 1).

For the heat map, the genomic relations matrix G can be easily calculated using 
the following expression:

 ′ZZG= ,
p

 (1)

where Z is the matrix of markers of dimension n = 87 rows (individuals) and 
p = 1,739 columns (markers), which is obtained by centering and standardizing the 
columns of the matrix of markers. The model-based Bayesian cluster analysis in 
STRUCTURE visualized the population structure under examination (Figure 2). 
Five distinct sub-populations were found across cultivars.

The sub-populations were denoted as Pop1, Pop2, Pop3, Pop4 and Pop5. The first 
group clustered C. liberica (84) and C. canephora (85, 86 and 87) species, the second 
group clustered mostly C. arabica accessions of the central collection, which evi-
denced the greater dissimilarity of these accessions with C. liberica and C. canephora 
species; the third group clustered CIRAD’s F1-hybrids (74–79). Fourth and fifth 
clusters compiled different C. arabica accessions among them. Also, it was shown by 
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Steiger et al. [67], using AFLP markers, that C. canephora and C. arabica were more 
genetically similar, revealing inter-species diversity even though C. arabica resulted 
from a recent hybridization between C. canephora and C. eugenioides [13].

The results obtained from this Coffea spp. central collection are similar to those 
reported in the study of Sant’Ana et al. [10] who found in the population structure 
analyses the presence of two to three groups (K = 2 and K = 3), corresponding to the 
east and west sides of the Great Rift Valley and an additional group formed by wild 
C. arabica accessions collected in the western forests. Sousa et al. [29] analyzed the 
population structure of coffee genotypes of interest for breeding studies, they used 
11,187 SNP markers from which two groups (K = 2) were obtained.

6.  Advantages and disadvantages of NGS techniques in C. arabica 
genomics

High quality reference genome assemblies accelerate plant breeding by selecting 
desirable genes with improved agronomic traits, including high yield, tolerance to 

Figure 1. 
Heat map for the 87 accessions of Coffea spp. from the National Bank of Coffee Germplasm in Mexico using 
DArTseq Technology. Red small squares indicate an individual’s genetic relatedness to itself, dark orange color 
represents high kinship relations while lighter colors (yellow) represent weaker relations.

Figure 2. 
Bar graphic of the STRUCTURE software used to study the diversity of the 87 coffee accessions using SNP 
marker data. The 87 genotypes are represented below the graphic, and were divided into five (K = 5) groups.
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various abiotic and biotic stresses, and resistance to pathogens [68]. However, draft 
genomes are suffering from unknown sequences and ambiguous assembly due to 
homologous sequences, while high-quality genomes are required for comparative 
genomics and functional annotation to crop improvement [68, 69].

These NGSTs are classified as second and third generation. The success of 
these NGSTs is mainly due to advancement in nanofluidics and automated single 
molecule imaging [69]. SGseqTs refer to those methods which require a PCR step 
for signal intensification prior to sequencing and third generation sequencing 
techniques (TGSeqTs) are those which can perform single molecule sequencing 
(SMS) [70].

As an advantage, in SGseqT the variation is different in their sequencing chem-
istry, cost, accuracy, speed and read length; SGseqTs produce thousands to billions 
of nucleotide long reads (25–800 nucleotides) as compared to first generation 
sequencing method [69, 70]. However, as a disadvantage, the accuracy of SGseqTs 
differs due to dependence on several multiplication steps during library prepara-
tion, each manipulation causes various artifacts in DNA measurements; addition-
ally, the small reads produced by these procedures are not suitable for de novo 
genome assembly [69, 70].

Therefore, novel technologies are being designed in such a way that involve 
a minimum or no manipulation of the natural DNA molecule; TGSTs are able to 
analyze natural DNA/RNA molecules without any manipulation and without 
amplification [70] TGSTs have average read length longer to 10 kb, the availability 
of long reads constitutes a great advantage.

The first SMS technology, was developed by Quake and commercialized in 
2009 by Helicos BioSciences; it worked similar to Illumina sequencers, but without 
any bridge amplification [70, 71]. However, it was slow, expensive and produced 
relatively short reads, around 35 bp long; therefore, two single-molecule approaches 
were technologically advanced to overcame these disadvantages [72].

The first approach, Single Molecule Real-Time (SMRT) sequencing was devel-
oped by Craighead, Korlach, Turner and Webb and was further refined and com-
mercialized by Pacific Biosciences (PacBio) since 2011 [73]. The second approach, 
Nanopore sequencing, was first hypothesized in the 1990s and further developed 
and commercialized by Oxford Nanopore Technologies (ONT) since 2005; the 
advantages of SMRT sequencing over NGS have come at the price of higher per base 
sequencing costs [70].

Finally, DArTseq™ technique is based on genomic complexity reduction. This 
technique benefitted from the development in NGSTs and now DArTseq™ markers 
are replaced by NGS-DArT markers. Sansaloni et al. [60] found that the combined 
use of DArTseq™ with NGS make available more quantity of markers than con-
ventional DArT method. DArTseq™ markers in combination with other molecular 
techniques have been used to create deeper genetic maps in C. arabica to perform 
association studies [4, 74, 75].

7. A future in genomic resources of C. arabica

Arabica’s cultivars and landraces are generally propagated by seed. The mating 
system is primarily based on self-fertilization. Thereby, autogamy leads to high lev-
els of inbreeding. Besides, an effective clonal propagation system is being adopted 
but limited for F1 Arabica hybrids. It is evident that molecular analyses of genetic 
diversity are needed to support this scenario [74, 75].

The development of a new coffee variety takes about 25 years. An efficient 
selection can be addressed when sequencing approaches are adopted in the variety 
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development process [66, 76]. In the 1990s, Marker-Assisted Selection (MAS) was 
proposed, which enabled selecting individuals with specific alleles. However, MAS 
has shown to be inefficient in polygenic and/or low heritability traits [77]. Due 
to its potential and importance, genome-wide selection (GS) was developed by 
Meuwissen et al. [78].

With the development of NGSTs, GS has become a reality for several economi-
cally important species. However, the procedure requires precaution for polyploid 
species, which have subgenomes with duplicate regions or with high similarity, 
such as C. arabica [77]. Despite the economic importance of C. arabica, GS works 
in Arabica coffee are scarce. Coffee trees have been selected based on biometric 
analyses using phenotypic data of yield and resistance to biotic and abiotic stresses. 
However, due to the complexity and number of genes that control most of the agro-
nomic traits of this Coffea spp., GS studies are promising for they allow estimating 
the effects of all loci that explain the genetic variation and the genomic estimated 
breeding value (GEBV) [74, 75, 77].

Genome sequencing initiatives of Arabica accessions have been launched by 
several research groups (https://coffeegenome.ucdavis.edu/, among others) but an 
open-access genome assembly, with a reliable sorting of homologous sequences, 
is not yet available [77, 79]. Decoding the allotetraploid genome of C. arabica is 
therefore required to have accurate GS studies in this species.

8. Conclusions

DArTseq™ technology identifies thousands of high quality SNP polymorphic 
markers in a timely and cost-effective manner. Our study confirmed that the geno-
typing method by DArTseq™ can be successfully used in studies of genetic diversity 
specially in coffee. In addition, trait-associated-SNPs identified by GWAS may be 
helpful to develop strategies aiming to improve the biochemical quality of coffee 
or another important trait. These SNPs markers may be useful for marker-assisted 
selection (MAS) in Arabica coffee breeding programs and genomic selection.
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Chapter 4

Vegetable Landraces: The “Gene 
Banks” for Traditional Farmers 
and Future Breeding Programs
Radu-Liviu Sumalan, Sorin-Ion Ciulca,  
Renata-Maria Sumalan and Sorina Popescu

Abstract

Crop diversity of vegetable species is threatened by the current homogenization  
of agricultural production systems due to specialization of plant breeders and 
increasing globalization in the seed sector. With the onset of modern agriculture, 
most traditional vegetable cultivars were replaced by highly productive and often 
genetically uniform commercial breeds and hybrids. This led to the loss of landraces, 
especially in countries with a super-intensive agriculture. The agricultural biodiver-
sity erosion represents a huge risk for food safety and security. Vegetable landraces 
are associated with the cultural heritage of their place of origin being adapted to local 
agro-ecological areas and are more resilient to environmental stress than commercial 
cultivars. The chapter aim to highlight the importance of keeping and using vegetable 
landraces as valuable sources of genes for traditional farmers, but also for future 
breeding processes. We analyze the historical role of landraces, genetic diversity, high 
physiological adaptability to specific local conditions in association with traditional 
farming systems, as well as the breeding perspectives and evaluation of genetic 
diversity based on molecular markers.

Keywords: old local populations, biodiversity, food security, stress tolerance, quality, 
tomatoes, onion, breeding, molecular markers

1. Introduction

In 1996 World Food Summit stated that “food security is ensured when the 
entire population has at all times, physical and economic access to sufficient food 
resources, safe and of high nutritional value, to meet food needs and preferences 
providing an active and healthy life”.

Food security has long been associated with the abundance of cereal products, 
roots and tubers, vegetables and fruits from the main agricultural crops, which 
could provide affordable sources of nutritional energy. But this image has changed 
as the concept of nutritional security has become the essential element of food 
safety, and nutritional diversity has become the basic component to ensuring the 
human population health. Healthy diets, qualitatively superior, determine the 
consumption of a variety of foods in optimal quantities [1].

The vegetables are an affordable and relatively inexpensive source of fiber, 
vitamins and minerals. In general, they have the highest nutritional value when 
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are eaten fresh. Unfortunately, a large part of primary (unprocessed) horticultural 
products have a relatively short life before they begin to degrade. The extent to 
which the nutritional value of vegetables deteriorates during harvesting, processing 
and storage depends both on the type of product (species, organ, ripening level) 
and on the used technologies [2].

Also, the vegetables are recognized as essential for food and nutritional security 
of humanity. Producing them offers multiple economic opportunities, reducing 
poverty and unemployment in rural areas especially, and is also an essential com-
ponent of plant biodiversity maintaining strategies. The systematic production of 
vegetables for local markets not only provides income for small farmers, but also 
contributes to strengthening their resilience to external risks. Diversification of 
vegetable crops, short cycles of growth and development, the use of local, environ-
mentally friendly inputs and the efficient use of fertilizers, pesticides and irrigation 
can reduce farmers’ vulnerability to climate changes. For economic resilience, 
farmers may choose either to integrate vegetables into existing large crop systems or 
to focus exclusively on specialized vegetable production.

Vegetable production has increased more than twice in the last 25 years and the 
economic value generated by their cultivation has exceeded the commercial value of 
cereals [3].

2.  A brief analysis of the production, consumption and trade  
of vegetables

The global market of vegetables is still predominantly local because only about 
5% of vegetables grown worldwide are marketed internationally. However, this 
percentage continues to increase quite a lot from one year to other. Easy access to 
a booming global market is essential for export vegetable producing countries, 
such as Mexico, Spain or The Netherlands. For example, over the past two decades, 
Mexico has strengthened its leading position of vegetable exports in the North 
American market and EU domestic trade has continued to grow, particularly on the 
basis of products from the two European countries mentioned above.

Declared revenues on the global vegetable market were around 1.249.8 billion 
US$ in 2018, and their market share increased at an average annual rate of +4.1% 
between 2007 and 2018. Overall vegetable consumption reached the maximum 
value in 2018 and is expected to increase continuously between 2020 and 2025 [4].

The quantities of vegetables exported worldwide in 2018 (Figure 1), reached 
a level of about 47 million tonnes, the total volume of exports increasing at an 
average annual rate of 1.7% between 2007 and 2018. In terms of value, vegetable 
exports amounted to 42.3 billions US$. The world’s most important exporters 
were; The Netherlands (6.1 million tonnes), Mexico (5.8 million tonnes), Spain (5.1 
million tonnes), China (4.3 million tonnes), France (3.5 million tonnes), Germany 
(2.7 million tonnes) and the United States (2.4 million tonnes) accounting for about 
64% of total vegetable exports in 2018.

Vegetables import levels have also had an upward trend over the past decade. 
Statistical data show that in 2018 the greatest importers was the US with 7.4 million 
tonnes, followed by Germany (3.8 million tonnes), the Netherlands (3.1 million 
tonnes) Russia and the United Kingdom (2.2 million tonnes). An interesting trend 
has been the emergence in recent years of new countries with high requirements 
on imports of vegetables such as India, China or the United Arab Emirates. Russia 
has also seen an increase in trade, despite the imposition of economic sanctions on 
imports since 2014. The main countries providing vegetables to Russia are Belarus, 
Morocco, China, Armenia and Azerbaijan [4].
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2.1 Fresh or conserved vegetables?

It is estimated that 70% of vegetables grown around the world are sold fresh and 
whole as primary (unprocessed) horticultural products. Processing of vegetables 
by preserving, freezing and drying is the main purpose of storage technologies, 
the possibility of long-distance transport, long lasting storage and the reduction 
of damage losses. However, the global consumption of preserved vegetables has 
decreased over the past decade, which attests to consumers’ preferences for fresh 
vegetables against the background of reduced time from harvest to market (concept 
from field to fork). Has increased however the demand for frozen vegetables over 
the past decade by an average of about 1% annually [5].

2.2 The vegetables and chain food waste

Due to the relatively high level of perishability, primary horticultural products 
are exposed to loss in a significant percentage. With 1 in 8 people on Earth starv-
ing (about 759 million people), the loss of vegetables and fruits is a component 
with major social effects. According to the FAO, about 14% of globally produced 
foods are lost between harvest and retail trade, with significant quantities also 
being wasted at the retail and consumption level. The value is higher in the case 
of fruit and vegetables where losses range from 20 to 40 % [6]. Analysis of the 
data presented shows that significant losses of fresh vegetables and fruits occur in 
the production process (Europe, North America, Oceania and Latin America), in 
processing (Africa, South Asia and South-East) and to the final consumer (Europe, 
North America and Industrialized Asia).

Recent studies haves shown that in European Union around 7.2 million tonnes of 
fruits and vegetables are discarded annually, which is the equivalent of 14.2 kg/person/
year. Of this quantity, avoidable waste (edible parts) accounted for almost half, and 
the inevitable waste (shells, seeds, stalk, etc.) was the difference [7–9]. These wastes, 
if are not properly treated, pose major environmental hazards because their decompo-
sition eliminates an important quantity of various greenhouse gases [10].

Therefore, the reducing of food waste is the main way to close the gap between 
food supply and demand [11]. On the basis of this argument, one of the specific 
targets of the UN Sustainable Development Goals is to halve food losses along 
the production and supply chain by 2030 (Objective 12.3) [12]. The European 
Commission is committed to respect the objective 12.3. and considers food waste as 
a priority area in its Circular Economy Action Plan [13]. Moreover, to underline the 

Figure 1. 
The main global exporters of vegetables, and the volume of their exports for 2018. Processed by; World - 
Vegetable - Market Analysis, Forecast, Size, Trends and Insights (researchandmarkets.com).
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2.1 Fresh or conserved vegetables?

It is estimated that 70% of vegetables grown around the world are sold fresh and 
whole as primary (unprocessed) horticultural products. Processing of vegetables 
by preserving, freezing and drying is the main purpose of storage technologies, 
the possibility of long-distance transport, long lasting storage and the reduction 
of damage losses. However, the global consumption of preserved vegetables has 
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vegetables against the background of reduced time from harvest to market (concept 
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2.2 The vegetables and chain food waste
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year. Of this quantity, avoidable waste (edible parts) accounted for almost half, and 
the inevitable waste (shells, seeds, stalk, etc.) was the difference [7–9]. These wastes, 
if are not properly treated, pose major environmental hazards because their decompo-
sition eliminates an important quantity of various greenhouse gases [10].

Therefore, the reducing of food waste is the main way to close the gap between 
food supply and demand [11]. On the basis of this argument, one of the specific 
targets of the UN Sustainable Development Goals is to halve food losses along 
the production and supply chain by 2030 (Objective 12.3) [12]. The European 
Commission is committed to respect the objective 12.3. and considers food waste as 
a priority area in its Circular Economy Action Plan [13]. Moreover, to underline the 

Figure 1. 
The main global exporters of vegetables, and the volume of their exports for 2018. Processed by; World - 
Vegetable - Market Analysis, Forecast, Size, Trends and Insights (researchandmarkets.com).
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importance of reducing food loss, the UN declared 29 September as “International 
Day of Food Lost and Waste”.

2.3 Ecological and organic vegetables, increasingly sought after in rich societies

The global market share of organic foods is growing from year to year. The share of 
trade in organic and ecologic fruit and vegetables (out of the total trade in fresh fruit 
and vegetables) has increased by around 10% in some european countries with high 
standards of living such as; Switzerland, Sweden, Austria and Denmark. In the United 
States, this rate is around 9%, but there has been recorded intense growth rates in the 
last years. Although, income per capita appears to be a determining factor in the con-
sumption of these products, this is not the only one. The consumer education level, 
supermarket policies on the category of organic vegetables, the price and availability 
of conventional or traditional products, cultural factors, etc. can be important vectors 
that influence the consumption of organic and ecologic vegetables products [5].

2.4 Seed vegetables market

Vegetable quality assurance is achieved by a succession of attributes related to 
biological material and cultivation technologies, harvesting, conditioning, process-
ing, storage and marketing. Seed quality is the basic appropriation that character-
izes the biological material. The demand of growers for quality seeds is increasing. 
The world market for vegetable seeds accounts for about 11% of the total plant seed 
market. The estimated value of the vegetable seed market in 2017 was 8.02 billion 
US$, reaching 12.6 billion US$ by 2021, with a cumulative annual rate of 8.1 [3].

3. Vegetable genetic resources and biodiversity preservation

In general, plant genetic resources are defined as that part of biodiversity used to 
generate productivity and quality in agriculture. In addition to commercial geno-
types (varieties and hybrids), the genetic resources of a cultivated species include 
breeding lines, genetic forms obtained by various technologies by deliberate breed-
ing (natural or induced mutant lines, substitution and addition lines, inter-specific 
hybrids, etc.), wild descendants, related species and local races, also referred to as 
‘farmers, local or primitive varieties’ [14].

Plant Genetic Resources (PGR’s) represents an important component of the con-
servation of plant biodiversity and the food security of the human population [15]. 
PGRs are actually the expression of natural variability in plants, variability that has 
sustained the human species for millennia. The multitude of plant species, with all 
existing genotypes, are especially important for ensuring food security, but also 
because they represent energy sources, medicines, animal feed, fiber, ecosystem 
services, etc. All these aspects are essential in the context of the global challenges 
currently facing life on Earth, in particular due to climate change and resource 
shortages. In the light of this, the efficient conservation and sustainable use of the 
PGR’s is extremely important and has never been more necessary [16].

Thus, according to The Second Report on the State of the World’s Plant Genetic 
Resources [17], approximately 7.4 million genotypes, sources of germplasm, belong 
to over 16,500 species of plants are currently stored in 1750 gene banks and collec-
tions around the world.

Vegetable genetic resources (VGR’s) are the foundation on which vegetable 
cultivation techniques and food chains integrated with them have been developed, 
and the genetic diversity present in small farms and germplasm collections is 
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essential in efforts to eradicate hunger and poverty. They are the main gene reser-
voir for the production of new vegetables cultivars and the main supplier of genetic 
diversity [18]. Therefore, plant genetic resources offer a huge diversity and vari-
ability, widely used in genetic studies and plant breeding programs, with undeni-
able benefits for global food production [19, 20].

Vegetable genetic resources (VGR’s) are used both by traditional farmers to obtain 
safe and quality production and by researchers as the initial biological material for 
obtaining new cultivars. The genetic resources are also a reservoir of biodiversity that 
acts as an element of balancing sudden economic and environmental changes. Recent 
studies have shown that the main factor in the erosion of PGR’s and biodiversity loss 
is the replacement in cultivation of local genotypes (old varieties, local populations) 
with modern cultivars [21].

Unfortunately, VGR’s natural pools are strongly affected by the modern society 
activities – urbanization, habitat degradation through intensive exploitation, 
deforestation and arson, increased pressure from diseases and pests, to name just 
some of these activities.

Modern industrial agriculture based on improved hybrids and cultivars limited 
and marginalized the use of landraces, causing a serious loss of genetic variability. 
The high genetic erosion of vegetable landraces was highlighted by Hammer and 
Laghetti [22], who found that from 1950 till 1986 in Southern Italy only 27.2% 
of the landraces were still grown. Also, Dias [23] reported that, during the last 
50-60 years the genetic diversity of vegetables has been severely eroded all over the 
world, so that the vegetable genetic resources are disappearing yearly on a global 
scale with a rate of 1.5-2.0%. This genetic erosion represents an alarm signal for the 
breeding activities in order to streamline the vegetable production under stressful 
environments [24].

As genetic erosion continues “in situ” and on farms due to the reasons already 
mentioned and climate change as well as by replacing old local varieties with 
improved, super-productive genotypes, it is necessary to intensify the efforts of 
collection, characterization and conservation with a major focus on the wild rela-
tives of cultivated plants and on the breeds of vegetables poorly represented by the 
major and minor groups of this class. The conservation of the diversity of local and 
underutilized plant crops should also be given greater attention [25].

4.  Landraces – definition and their importance in traditional farms  
and breeding programs

Widely used in the literature, the term “landrace” encompasses different 
concepts, variable in time and space, depending on trends prevalent in the use 
and conservation of genetic resources. After a period of beginning when the issue 
of preserving and maintaining biodiversity was prevalent, today the commercial 
message is clear and promotes the higher nutritional and sensorial qualities of local 
vegetable landraces [26]. Due to their complex nature and huge diversity landra-
ces are extremely difficult to be characterized by an all-encompassing definition 
(Figure 2).

However, over time, different authors have tried to define landraces on the 
basis of the characterization of their main attributes. Kiessling [27] in 1912 defined 
landraces as a mixture of shapes (phenotypes) with a certain degree of external 
uniformity, specific composition and a high adaptability to the natural, technical 
and economic conditions of the region of origin [28].

An interesting definition has been proposed by Prospéri et al. [29] in 1994 which 
attest that a landrace represents a set of genotypes belonging to the same species, 
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Vegetable genetic resources (VGR’s) are used both by traditional farmers to obtain 
safe and quality production and by researchers as the initial biological material for 
obtaining new cultivars. The genetic resources are also a reservoir of biodiversity that 
acts as an element of balancing sudden economic and environmental changes. Recent 
studies have shown that the main factor in the erosion of PGR’s and biodiversity loss 
is the replacement in cultivation of local genotypes (old varieties, local populations) 
with modern cultivars [21].

Unfortunately, VGR’s natural pools are strongly affected by the modern society 
activities – urbanization, habitat degradation through intensive exploitation, 
deforestation and arson, increased pressure from diseases and pests, to name just 
some of these activities.

Modern industrial agriculture based on improved hybrids and cultivars limited 
and marginalized the use of landraces, causing a serious loss of genetic variability. 
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Laghetti [22], who found that from 1950 till 1986 in Southern Italy only 27.2% 
of the landraces were still grown. Also, Dias [23] reported that, during the last 
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scale with a rate of 1.5-2.0%. This genetic erosion represents an alarm signal for the 
breeding activities in order to streamline the vegetable production under stressful 
environments [24].

As genetic erosion continues “in situ” and on farms due to the reasons already 
mentioned and climate change as well as by replacing old local varieties with 
improved, super-productive genotypes, it is necessary to intensify the efforts of 
collection, characterization and conservation with a major focus on the wild rela-
tives of cultivated plants and on the breeds of vegetables poorly represented by the 
major and minor groups of this class. The conservation of the diversity of local and 
underutilized plant crops should also be given greater attention [25].

4.  Landraces – definition and their importance in traditional farms  
and breeding programs

Widely used in the literature, the term “landrace” encompasses different 
concepts, variable in time and space, depending on trends prevalent in the use 
and conservation of genetic resources. After a period of beginning when the issue 
of preserving and maintaining biodiversity was prevalent, today the commercial 
message is clear and promotes the higher nutritional and sensorial qualities of local 
vegetable landraces [26]. Due to their complex nature and huge diversity landra-
ces are extremely difficult to be characterized by an all-encompassing definition 
(Figure 2).

However, over time, different authors have tried to define landraces on the 
basis of the characterization of their main attributes. Kiessling [27] in 1912 defined 
landraces as a mixture of shapes (phenotypes) with a certain degree of external 
uniformity, specific composition and a high adaptability to the natural, technical 
and economic conditions of the region of origin [28].

An interesting definition has been proposed by Prospéri et al. [29] in 1994 which 
attest that a landrace represents a set of genotypes belonging to the same species, 
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that a grower in a given region, uses specific cultivation methods and carries out 
mass selection, more or less targeted, over several generations.

Zeven [28] said that a “landrace” is a variety with high tolerance to biotic and 
abiotic stressors, manifested by medium but stable productive yield, under low 
technological inputs conditions. Landraces have also been defined as dynamic 
populations of a cultivated plant of distinct historical origin and identity, 
with genetic variability and high adaptability to specific local conditions (soil, 
climate, biotic stressors) adapted to cultivation technologies specific to local 
farmers [30].

Vegetable landraces are considered local old varieties with distinctive charac-
teristics resulting from archaic selection and adaptation over time to pedo-climatic 
conditions specific to a localized geographical region, which usually exhibit 
greater genetic diversity than the types subjected to the usual breeding techniques. 
According to the definition developed by Dwivedi et al. [24] landraces represent 
heterogeneous, local adaptations of some cultivated species and therefore provide 
genetic resources adapted to the current challenges posed by biotic and abiotic 
stress factors.

The analysis of these definitions attests to the existence of some common 
elements in the characterization of landraces in cultivated plants such as; local 
character, historical origin, adaptability to soil, climate and stress factors, genetic 
variability, harvest stability, reduced inputs, traditional farms. Landraces through 
their long selection process by farmers during the pre-intensive agricultural period 
provide a great opportunity to find appropriate combinations of genes and pheno-
types tolerant to complex situations [31].

In conclusion, landraces are dynamic populations usually associated with 
traditional farming systems. As such, their evolution was based on both natural 
and farmers’ selection in low-input cultivation systems [32]. During long period of 
cultivation, farmers greatly contributed to the diversification of vegetable crops by 
selecting populations with moderate yield and well adapted to the specific agro-
climatic conditions of different regions. The diversity of landraces is usually lower 
than at their wild ancestors, but considerably higher than at modern cultivars pro-
duced by plant breeding [33]. The vegetable landraces are valuable genetic resources 
to identify genes for increasing yield and adaptation to abiotic stress under the 
current and future climate changes [34].

Compared with modern varieties, the vegetable landraces have a low presence 
on the market, due to their lower yields, disease sensitivity, and poorer postharvest 
shelf life [35]. In the last period, amid an increasing interest of the consumers for 

Figure 2. 
Vegetable landraces diversity.
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traditional and healthy products of the local growers, the landraces are reconsidered 
both as a source of food and as a source of useful genes [36, 37].

5. Breeding perspectives of vegetable landraces

The breeding of plants is as old as their cultivation. The first vegetable growers 
exploited the favourable variability of landraces of the main attributes such as pro-
ductivity and high tolerance to environmental stress factors. Much later, probably 
after a few millennia, mankind developed new methods of breeding and multiplica-
tion, including hybridization techniques, and the peak was reached through the use 
of molecular tools, all of which led to the creation of modern vegetable genotypes 
with high yielding performance characters [38].

Therefore, an important source of genes that is increasingly used in breeding 
programs are landraces, old varieties adapted to the conditions of a specific pedo-
climatic area [39]. Due to the stronger genetic proximity to modern varieties  
than their wild relatives, landraces show huge potential to improve modern 
genotypes by increasing stress tolerance and as sources of healthy and nutritive 
food [20, 40–43].

Featuring by a good stress tolerance and high adaptability to different condi-
tions, despite the lack of pathogen tolerance genes, vegetable landraces are still a 
reservoir of genetic diversity, in particular for certain attributes of interest, such 
as; tolerance to abiotic stress and high fruit quality [44]. For these reasons, studies 
carried out on some heterogeneous tomato populations have shown that they have 
been, are and will continue to represent very important genetic resources used in 
breeding processes [28]. The genetic profiles of landraces are clearly different from 
those of modern genotypes [45]. It has been observed that numerous morpho-
anatomical, physiological and biochemical traits record significant levels of pheno-
typic and genotypic diversity [46]. However, information on the variation within 
vegetable landraces is still limited.

The antioxidant content of the edible organs of wild vegetable species is signifi-
cantly different from landraces. These compositions have been associated with the 
features of the organs, the geographical origin and altitude at which they are found. 
For example, in high-rise areas of northwestern Argentina, local tomato popula-
tions with the highest concentration of antioxidants have been identified [47].

Recovering and rendering these qualities in adapted landraces to the original com-
munities will contribute to the sustainable maintenance of these varieties [48, 49]. For 
example, tomato landraces are characterized by excellent fruit quality, high content in 
metabolites [50], antioxidants [20, 47] and volatile organic compounds [51]. Landraces 
and old varieties have a typical flavour that consumers appreciate and demand, 
although the availability of their seeds is increasingly low [52].

The vegetable landraces are particularly important because they exhibit high 
heterogeneity (for improvement), are adapted to biotic and abiotic stress condi-
tions, have excellent taste qualities, thus justifying a higher recovery price than 
commercial varieties [53].

One strategy to highlight the genetic treasure represented by the landraces is to 
identify the size of genetic variability for primary and secondary metabolites and 
to establish existing links between biochemical composition of edible products, 
genetic basis and consumer preferences [54]. Studies from last decade [20, 55, 56] 
showed that in Romania it still exists many vegetable landraces that need to be 
preserved and evaluated for further use in breeding programs.
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traditional and healthy products of the local growers, the landraces are reconsidered 
both as a source of food and as a source of useful genes [36, 37].

5. Breeding perspectives of vegetable landraces

The breeding of plants is as old as their cultivation. The first vegetable growers 
exploited the favourable variability of landraces of the main attributes such as pro-
ductivity and high tolerance to environmental stress factors. Much later, probably 
after a few millennia, mankind developed new methods of breeding and multiplica-
tion, including hybridization techniques, and the peak was reached through the use 
of molecular tools, all of which led to the creation of modern vegetable genotypes 
with high yielding performance characters [38].

Therefore, an important source of genes that is increasingly used in breeding 
programs are landraces, old varieties adapted to the conditions of a specific pedo-
climatic area [39]. Due to the stronger genetic proximity to modern varieties  
than their wild relatives, landraces show huge potential to improve modern 
genotypes by increasing stress tolerance and as sources of healthy and nutritive 
food [20, 40–43].

Featuring by a good stress tolerance and high adaptability to different condi-
tions, despite the lack of pathogen tolerance genes, vegetable landraces are still a 
reservoir of genetic diversity, in particular for certain attributes of interest, such 
as; tolerance to abiotic stress and high fruit quality [44]. For these reasons, studies 
carried out on some heterogeneous tomato populations have shown that they have 
been, are and will continue to represent very important genetic resources used in 
breeding processes [28]. The genetic profiles of landraces are clearly different from 
those of modern genotypes [45]. It has been observed that numerous morpho-
anatomical, physiological and biochemical traits record significant levels of pheno-
typic and genotypic diversity [46]. However, information on the variation within 
vegetable landraces is still limited.

The antioxidant content of the edible organs of wild vegetable species is signifi-
cantly different from landraces. These compositions have been associated with the 
features of the organs, the geographical origin and altitude at which they are found. 
For example, in high-rise areas of northwestern Argentina, local tomato popula-
tions with the highest concentration of antioxidants have been identified [47].

Recovering and rendering these qualities in adapted landraces to the original com-
munities will contribute to the sustainable maintenance of these varieties [48, 49]. For 
example, tomato landraces are characterized by excellent fruit quality, high content in 
metabolites [50], antioxidants [20, 47] and volatile organic compounds [51]. Landraces 
and old varieties have a typical flavour that consumers appreciate and demand, 
although the availability of their seeds is increasingly low [52].

The vegetable landraces are particularly important because they exhibit high 
heterogeneity (for improvement), are adapted to biotic and abiotic stress condi-
tions, have excellent taste qualities, thus justifying a higher recovery price than 
commercial varieties [53].

One strategy to highlight the genetic treasure represented by the landraces is to 
identify the size of genetic variability for primary and secondary metabolites and 
to establish existing links between biochemical composition of edible products, 
genetic basis and consumer preferences [54]. Studies from last decade [20, 55, 56] 
showed that in Romania it still exists many vegetable landraces that need to be 
preserved and evaluated for further use in breeding programs.



Landraces - Traditional Variety and Natural Breed

68

5.1  Case studies: Romanian landraces of tomatoes (Solanum lycopersicum) and 
onion (Allium cepa) gene source for breeding programs

5.1.1 Tomatoes landraces

In order to obtain appropriate tomato yield under environmental stress condi-
tions, the plants must show tolerance during the developmental stages from seed 
germination to flowering and fruit maturity [57]. Characterized by a good adapt-
ability and stress tolerance amid a lack of diseases resistance genes, the landraces 
still represent an important reservoir of genetic diversity especially for traits associ-
ated with abiotic stress resistance and fruit quality [58].

The genetic structure of tomato landraces is quite different from those of 
modern tomato cultivars [32, 42, 59, 60], while the morphological variation of 
tomato landraces is higher compared to cultivars [61]. The heterogeneous structure 
of landraces was highlighted by Terzopoulos and Bebeli [32] who found a wide 
intra-population phenotypic diversity at 34 Greek tomato landraces for 33 morpho-
logical traits except for stem pubescence and foliage density, or plant growth type, 
respectively. Also, Manzano et al. [62] found a wide phenotypic diversity among 
39 Spanish tomato landraces both in terms of morphological traits and postharvest 
quality of fruits, under organic greenhouse conditions. Analyzing the diversity 
between 75 landraces and 25 tomato varieties from Southern Italy, Corrado et al [58] 
revealed that the genetic structures of the landraces were mainly related with the 
fruit traits

The intra- and inter-populations variability may occur even in case of landraces 
from a small area, for morphological, agronomical and quality traits [63]. Based 
of farmer’s activities, different selections of the same landrace can be made. These 
populations will evolve in different environmental conditions thus contributing to 
phenotypic diversity of tomato landraces [64, 65]. The diversity/variability between 
tomato landraces could be attributed both to genetic background and environmen-
tal conditions where these genotypes were evolved [66]. The analysis of landraces 
genetic variability will be useful for a better understanding of fruit shape and size 
and can help to identify valuable alleles for improving productivity, adaptation and 
quality [67–69].

Even, during the last decades the tomato landraces were replaced by new 
cultivars, in different regions of Romania these landraces are still cultivated for 
local consumption and market. They have especially distinctive morphological and 
quality traits of the fruits, considering that the fruits quality is highly appreciated 
by local consumers.

Within the project S-Stress 82 tomato landraces from two regions of Romania 
were evaluated using ISSR markers in order to establish the degree of similarity 
between them. The literature data show that this category of markers could be suc-
cessfully used for evaluation of tomato variability.

The genetic variability was evaluated based on amplification with 8 ISSR 
markers namely: UBC 808 – (AG)8C, UBC810 - (GA)8T, UBC811- (GA)8C, 
UBC840- (GA)8YT, UBC841- (GA)8YC, UBC843- (CT)8RA, UBC884- HBH(AG)7, 
UBC886- VDV(CT)7, where Y = C or T, R = G or A, H = non G, B = non A, D = non 
C and V = non T.

In the case of primers such as UBC843, molecular fingerprints revealed major 
differences between the analyzed populations, while other markers, such as UBC 
840, generated very similar fingerprints (Figure 3).

The results indicated the existence of a wide diversity, both between landraces 
from the two regions and from the same region, arguing the wide genetic basis of 
these landraces (Figure 4). Based on these results, combined with the analysis of 
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fruit traits, divergent landraces were crossed together and finally five commercial 
hybrids were homologated.

Given that the fruit traits were the main selection criteria used by the farmers 
during the evolution of tomato landraces, the maintenance of some landraces in 
a specific ecological region was mainly due to social factor, thus influencing the 
diversity of tomato landraces from different regions [70].

The landraces with wild specifics characteristics like; high number of branches 
and fruits per plants, lower values of fruit weight and small pericarp thickness, 
exhibit a better disease resistance [71]. In this regard, the modern cultivars for 
fresh market are characterized by large and round fruits with suitable firmness 
and shelf-life, amid uniformity of size, shape and colour of the fruits [72]. After a 
comparative study of tomato landraces and advances lines, Carrillo-Rodriguez et al. 
[73] suggests that it is possible to select tomato landraces with healthy plants and 
similar performance to that of advanced breeding lines.

Amid the increasing of consumer’s interest in fruit quality, landraces with fruits 
appreciated for flavour and aroma should be considered both for production and 
for breeding activities. Crossings among varieties and landraces or among landra-
ces can provide a useful variability for different plant and fruit traits [46, 65, 74]. 
Studying the Mexican tomato landraces Martinez-Vazquez et al. [75] found crosses 
derived between landraces and commercial lines with values of important traits 
like firmness, yield and fruit size, close to a commercial hybrid. As such, tomato 
landraces are a valuable source to obtain breeding lines with high general combining 
ability, possessing important alleles for yield traits, suitable to be used in breeding 
programs.

Considering that the landraces are genetically closer to modern cultivars than to 
their wild relatives, they represent an important source of genes for improvement 
of adaptation to abiotic stress [43]. In this regard, Massaretto et al. [76] highlighted 
the potential of tomato landraces from Southeast of Spain to improve the fruit 
quality and also to maintain the yield stability under salt stress conditions. Studying 
tomato landraces from Romanian areas with medium and high levels of soil salinity, 

Figure 3. 
Analysis of amplification products for UBC843 and UBC840 primers.
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fruit traits, divergent landraces were crossed together and finally five commercial 
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exhibit a better disease resistance [71]. In this regard, the modern cultivars for 
fresh market are characterized by large and round fruits with suitable firmness 
and shelf-life, amid uniformity of size, shape and colour of the fruits [72]. After a 
comparative study of tomato landraces and advances lines, Carrillo-Rodriguez et al. 
[73] suggests that it is possible to select tomato landraces with healthy plants and 
similar performance to that of advanced breeding lines.

Amid the increasing of consumer’s interest in fruit quality, landraces with fruits 
appreciated for flavour and aroma should be considered both for production and 
for breeding activities. Crossings among varieties and landraces or among landra-
ces can provide a useful variability for different plant and fruit traits [46, 65, 74]. 
Studying the Mexican tomato landraces Martinez-Vazquez et al. [75] found crosses 
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like firmness, yield and fruit size, close to a commercial hybrid. As such, tomato 
landraces are a valuable source to obtain breeding lines with high general combining 
ability, possessing important alleles for yield traits, suitable to be used in breeding 
programs.

Considering that the landraces are genetically closer to modern cultivars than to 
their wild relatives, they represent an important source of genes for improvement 
of adaptation to abiotic stress [43]. In this regard, Massaretto et al. [76] highlighted 
the potential of tomato landraces from Southeast of Spain to improve the fruit 
quality and also to maintain the yield stability under salt stress conditions. Studying 
tomato landraces from Romanian areas with medium and high levels of soil salinity, 

Figure 3. 
Analysis of amplification products for UBC843 and UBC840 primers.



Landraces - Traditional Variety and Natural Breed

70

Sumalan et al. [20] found that landraces with tolerance to soil salinity have a high 
ability to accumulate large amounts of antioxidants in the ripe fruits, increasing 
their nutraceutical value. Taking into account that the growing conditions have 
a high influence on plant morphology, chemical composition of the fruits and 
agronomic performances, Figas et al [77] suggest that long–shell life landraces from 
Mediterranean basin could be a useful material for improvement of tomato adapta-
tion to greenhouse cultivation, or to predicted climate change conditions, especially 
drought [78].

Breeding of tomato focused on yield led to a loss of genetic diversity and a 
decrease of nutritional value and disease resistance [79]. Under a low diversity and 
a narrow genetic base of disease resistance, the cultivation of tomato becomes vul-
nerable and dependent to widespread use of pesticides [80]. Given that the preser-
vation of tomato landraces is influenced by both natural and human selection, these 
populations can be considered a suitable breeding material for the identification of 
genes with supposed adaptive value [81].

5.1.2 Onion landraces

Due to the replacement of landraces and old varieties with modern varieties and 
in particular F1 hybrids the genetic basis of onion has been considerably reduced, so 
that many genes with adaptive value contained in the landraces and old varieties are 
in danger of being lost [82].

Figure 4. 
UPGMA clustering of 82 tomato landraces using ISSR markers (Landraces 1 to 70 from S-W Romania; 
landraces 71 to 82 from N-E of Romania).
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The success of onion breeding programs, among others depends mainly on the 
availability of genetic variability for different traits of interest. The use of wild 
Allium species for genetic improvement of cultivated varieties is a very long-term 
process that can take up to 20 years [83]. As such the onion landraces are a more 
suitable material for breeding of adaptive traits like bulbing and flowering,  
controlled by multiple genes [84–87].

For an effective use of onion landraces it is necessary to characterize and evalu-
ate these germplasm at both molecular and at morphological level. In this regard 
et al. [82] found a 69% diversity between 85 Spanish onion landraces based of 
pungency, day length requirements, and skin colour, without being established a 
relation among the diversity at molecular and at morphological or physico-chemical 
level. Similar results have been reported by other studies: Hanci and Gökçe [88] for 
Turkish onions; Mitrová et al. [89] for Czech onions; González-Pérez et al. [90] for 
Galician onions. The landraces possessing high genetic diversity have an important 
selection potential for the development of new onion cultivars with favorable yield, 
adaptive and quality traits.

Likewise, the molecular diversity of Indian onions studied by Khar et al [91] 
was not related with colour, growing season and geographical origin. The exchange 
among farmers from different regions could be an explanation for the lack of rela-
tion between clustering of landraces and their geographical origin.

Following the molecular evaluation of 43 onion landraces from two regions of 
Romania using ISSR markers within the S-Stress project, a high level of diversity 
(around 80 %) was found, associated with a clear separation of the landraces in two 
clusters, related with their geographical origin (Figure 5). Amid a lack o biological 
material exchange between two regions, it is assumed that the landraces have had a 
distinct evolution under the influence of local ecological conditions. As such, these 
onion landraces are important sources of genetic diversity, containing valuable 
genes for different yield and adaptive traits under salt stress conditions.

High levels of heterozigosity associated with low allele number reported by sev-
eral studies [90, 92–94] represents a consequence of out-crossing and continuous 

Figure 5. 
UPGMA clustering of 43 onion landraces using ISSR markers (Landraces 1 to 35 from S-W Romania; landraces 
36 to 43 from N-E of Romania).
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gene flow in small geographical regions where the onion landraces have evolved. In 
order to capitalize the genetic variation of onion landraces in breeding programs, 
it is necessary to ensure a certain degree of out-crossing on the selected genotypes 
[95, 96]. The breeding potential of onion landraces was also revealed by Porta et al 
[97], who found transgressive segregation for different bulb traits in selfing (S1) 
lines, compared to original population. The high variance within and among S1 
lines for all traits, confirm the heterogeneous structure of landraces and efficiency 
of their use as a selection material.

6.  The evaluation of the tomatoes landraces genetic diversity based on 
molecular markers

A representative of the horticultural plants studied in our research were toma-
toes landraces, due to their importance as food in Romania and because it is one of 
the first crop assessed by molecular markers for variability evaluation. The genetic 
study of local landraces is based on the evaluation of their genetic variability to 
determine the degree of similarity. Next, it is necessary to correlate the molecular 
fingerprints with the phenotypic traits in order to identify genotypes of interest for 
plant breeding.

Over the time, the variability was evaluated with morphological markers fol-
lowed by biochemical ones, developed on the basis of isoenzymes. The biochemical 
markers had a major disadvantage because they are affected by the phenological 
development stage, being possible to detect a percentage of only 0.1% of the vari-
ability. For this reason, the DNA markers have gained increasing importance and 
have been used on a very large scale today. They can be classified according to the 
type of analyzed sequence and the applied methods of analysis which both deter-
mine their genetic behaviour, i.e. their codominant or dominant character.

The codominant markers, such as RFLP (Restriction Fragment Length 
Polymorphism), STS (Sequence tagged site), EST (Expressed Sequence Tag) and 
SSR (Single Sequence Repeats), are an important source of information because 
they allow the differentiation of homozygotes and heterozygotes being co-domi-
nants, but each category also has a number of disadvantages.

Considering that the microsatellite markers have shown to be promising to 
evaluate the genetic diversity, Bredemeijer et al [98] constructed database com-
prising information about more than 500 tomato varieties cultivated in Europe 
evaluated with 20 SSR markers. The obtained results showed a relatively reduced 
variability of the studied tomato genotypes, with the average of allele per locus of 
4.7, ranging between 2 and 8. Besides, the same test was performed in five different 
laboratories to emphasize the robustness of the marker system. It was concluded 
that the use of this set of 20 SSR markers lead to suitable results when homogeneous 
varieties were studied, but in the case of heterogeneous genotypes it is necessary to 
analyze a mixed DNA sample from 6 different individuals [98].

When Spanish landraces were analyzed, it was possible to differentiate cultivars 
only with a small number of SSR markers, even if they were phenotypic different, 
emphasizing a low level of variation within this species [99].

In an Italian study 50 tomato landraces originated from central of the country 
and other vintage and modern cultivars were analyzed with 29 SSR markers. The 
molecular data were associated with the study of 15 morpho-physiological traits. 
Two categories of markers were used – the markers from the first category were 
part of a linkage area where QTLs previously associated with the shape and size 
of the fruits were positioned and in the second category were markers from some 
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chromosomal regions without any known linkage. Besides, DNA samples collected 
from plants grown in two different locations were analyzed. It was pointed out a 
high polymorphism of the tomato landraces compared to modern cultivars and 
many relations between the markers from the QTL region and the traits associated 
with fruit shape and size. These results are promising for the identification of SSR 
markers associated with traits of agronomic interest [100].

Later, 42 tomato varieties originated from different regions from China and 
Kenya were evaluated with SSR markers, emphasizing a high degree of diversity. 
The results analysis distributed the genotypes in different clusters without any 
relation with their origin [101]. In other study Italian local landraces were analyzed 
with 19 SSR markers generating a number of 60 alleles with moderate level of diver-
sity but very different compared to the commercial varieties [102].

It was pointed out that the SSR markers could be used for the evaluation of 
tomato landraces variability, but it must be considered that their development is 
expensive and time consuming, therefore may be the markers which generated a 
high amount of data in only one analysis could be more efficient.

In 2000, species of wild tomato relatives originated from Peru (named PC – 
Peruvian complex) were evaluated with RAPD markers in comparison with cul-
tured genotypes. A high diversity was shown, emphasizing the potential of the wild 
genotypes to be used as a source of genes for breeding [103].

In India, based on the molecular fingerprints generated by RAPD markers, 
the reduction of genetic diversity for tomato cultivars has been highlighted. This 
has been attributed to breeding processes that target plants with very similar 
traits [104].

The evaluation of the brasilian tomato landraces based on RAPD primers 
showed that most of them were part of a single cluster, different from the commer-
cial cultivars [45]. Similar results were obtained when tomato landraces originated 
from Azerbaijan were analyzed [105].

ISSR markers were used to evaluate the genetic variability for 100 Brazilian 
tomato genotypes of different origin. Finally, a correlation between the fingerprints 
generated by ISSR markers and the origin of the genotypes was established [106].

In 2016, landraces originated from East Anatolian region of Turkey and North-
West of Iran, along with three commercial cultivars were evaluated with ISSR 
markers. It turned out that the genotypes originating from the same region, often 
located in the same group or two adjacent groups [107].

The same markers were used to evaluate tomato genotypes with different 
antioxidant content. The obtained fingerprints were used to confirm the nature of 
the hybrids in breeding programs, thus accelerating the selection process [108].

The AFLP markers (Amplified Polymorphic DNA) were used in conjunction 
with SSR markers to characterize 48 traditional tomato cultivars collected from 
the south-east of Spain. The discrimination power was similar for both category 
of markers and the constructed dendrograms were grouped in the main types. The 
conclusion was that it would be more appropriate to use in combination the infor-
mation obtained with several categories of markers [59].

In the early 2000’s SRAP markers (Sequence-Related Amplified Polymorphism) 
were developed as a technique with low cost, simple, highly variable, with high 
reproducibility [109], based on a random amplification reaction. Considering that 3 
‘UTR region is usually polymorphic due to insertions and deletions the probability 
to identify polymorphism random in the coding regions is high. This marker had a 
widely use for diversity evaluation for different plant species.

Ruiz et al [99] studied the diversity of some traditional tomato cultivar from 
Spain based on SSR and SRAP markers. It was pointed out that SRAP markers 
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gene flow in small geographical regions where the onion landraces have evolved. In 
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chromosomal regions without any known linkage. Besides, DNA samples collected 
from plants grown in two different locations were analyzed. It was pointed out a 
high polymorphism of the tomato landraces compared to modern cultivars and 
many relations between the markers from the QTL region and the traits associated 
with fruit shape and size. These results are promising for the identification of SSR 
markers associated with traits of agronomic interest [100].

Later, 42 tomato varieties originated from different regions from China and 
Kenya were evaluated with SSR markers, emphasizing a high degree of diversity. 
The results analysis distributed the genotypes in different clusters without any 
relation with their origin [101]. In other study Italian local landraces were analyzed 
with 19 SSR markers generating a number of 60 alleles with moderate level of diver-
sity but very different compared to the commercial varieties [102].

It was pointed out that the SSR markers could be used for the evaluation of 
tomato landraces variability, but it must be considered that their development is 
expensive and time consuming, therefore may be the markers which generated a 
high amount of data in only one analysis could be more efficient.

In 2000, species of wild tomato relatives originated from Peru (named PC – 
Peruvian complex) were evaluated with RAPD markers in comparison with cul-
tured genotypes. A high diversity was shown, emphasizing the potential of the wild 
genotypes to be used as a source of genes for breeding [103].

In India, based on the molecular fingerprints generated by RAPD markers, 
the reduction of genetic diversity for tomato cultivars has been highlighted. This 
has been attributed to breeding processes that target plants with very similar 
traits [104].

The evaluation of the brasilian tomato landraces based on RAPD primers 
showed that most of them were part of a single cluster, different from the commer-
cial cultivars [45]. Similar results were obtained when tomato landraces originated 
from Azerbaijan were analyzed [105].

ISSR markers were used to evaluate the genetic variability for 100 Brazilian 
tomato genotypes of different origin. Finally, a correlation between the fingerprints 
generated by ISSR markers and the origin of the genotypes was established [106].

In 2016, landraces originated from East Anatolian region of Turkey and North-
West of Iran, along with three commercial cultivars were evaluated with ISSR 
markers. It turned out that the genotypes originating from the same region, often 
located in the same group or two adjacent groups [107].

The same markers were used to evaluate tomato genotypes with different 
antioxidant content. The obtained fingerprints were used to confirm the nature of 
the hybrids in breeding programs, thus accelerating the selection process [108].

The AFLP markers (Amplified Polymorphic DNA) were used in conjunction 
with SSR markers to characterize 48 traditional tomato cultivars collected from 
the south-east of Spain. The discrimination power was similar for both category 
of markers and the constructed dendrograms were grouped in the main types. The 
conclusion was that it would be more appropriate to use in combination the infor-
mation obtained with several categories of markers [59].

In the early 2000’s SRAP markers (Sequence-Related Amplified Polymorphism) 
were developed as a technique with low cost, simple, highly variable, with high 
reproducibility [109], based on a random amplification reaction. Considering that 3 
‘UTR region is usually polymorphic due to insertions and deletions the probability 
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widely use for diversity evaluation for different plant species.
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Spain based on SSR and SRAP markers. It was pointed out that SRAP markers 
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clustered together the genotypes with the same origin. Comparable results were 
observed when SSR markers were used, but the level of resolution was lower [99].

Al Shaye et al [110] evaluated Saudi tomato landraces with SDS-PAGE and SRAP 
markers. It was shown that almost all of the landraces with the same origin were 
grouped in the same cluster emphasizing the usefulness of these markers in future 
breeding programs [110].

Similar to SRAP markers, which bind in the coding gene region, ScoT markers 
(Start Codon Targeted) involve the amplification with a single primer that anneal 
to the highly conserved region positioned next to start codon ATG of two close 
genes [111]. The ScoT primers were used in comparison with the ISSR to evaluate 
the variability for 8 Egyptian tomato genotypes. The genetic fingerprints were 
different for the two categories of markers and it was considered that ScoT ones 
were more related to the morphological traits compared to ISSR for evaluation of 
tomato diversity. Therefore, the use of more than one marker system is recom-
mended for a higher resolution of the analysis [112]. Following the introduction of 
modern analytical techniques, they have also been applied in the area of diversity 
assessment.

Therefore, the sequencing system Illumina was used for evaluation of 75 
landraces originated from Sothern Italy and distinguished a number of 152 single 
nucleotide polymorphisms (SNP). 30% variability was identified between local 
populations, the differences being associated especially with fruit-related traits. The 
developed SNP system was considered to be very useful for genetic characteriza-
tion, effective conservation and application on tomato breeding process [58].

A complex research had been done in Italy to investigate 123 tomato genotypes 
originated from all over the world. A very wide range of genotypes has been ana-
lyzed in order to succeed in the polymorphism identification and its correlation 
with different 18 morphological traits, mainly related to fruits. A tomato array was 
used and a number of almost 8000 SNP were analyzed. The results showed that 
36 of the SNP markers were correlated with 15 of the studied traits. These markers 
were mapped on chromosomes along with a number of 98 candidate genes as fol-
lows: 19 SNPs were located in six chromosomal regions in which candidate genes are 
positioned, and 17 SNPs in regions where no such genes are found. Thus, it can be 
stated that chromosomal regions have been identified where unknown genes related 
to the traits are positioned. Thus, new research lines are opened to identify genes of 
interest [61].

In the following years, considering the development of the SNP analysis system, 
point mutations associated with organoleptic characters and metabolites content 
were identified [113] and mutations in genes involved in drought tolerant and fruit 
maturation and quality [114].

Besides SNP identification, the whole genome sequencing was also applied to 
identify genes of interest involved in tolerance to drought, good quality and stor-
age proprieties. Therefore, the whole genome of two landraces with the mentioned 
traits was sequenced. In their genome regions similar to Solanum pimpinellifolium 
and S. pennellii and candidate genes for the interest traits were identified [115].

Therefore, it can be said that over time several molecular marker systems 
have been used to assess variability in local tomato landraces. But it has rarely 
been possible to correlate with the phenotype, i.e. the genes determine certain 
characters. But these molecular markers have shown their importance in screening 
populations to determine the degree of similarity or to remove identical genotypes 
from the study and from the conservation. Instead, the development of SNP 
markers and sequencing of the entire genome is expected to be a strategy that will 
underpin the identification of all genes of interest in both biological and agricul-
tural areas.
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7. Conclusions

Vegetable landraces constitute a valuable genetic pool of genetic diversity, 
which can be exploited both in breeding programs for obtaining new commercial 
genotypes with targeted traits and as a valuable source of germplasm for traditional 
farmers.

Tomatoes are the most important vegetable with fruits and many landraces are 
preserved around the world as local varieties or farm varieties. Variability of chemi-
cal composition, plant morphology and agronomic performance have shown that 
cultivation technology has a major impact on the shelflife of tomato fruits.

The conservation of vegetable landraces is associated with their cultural value, 
geographical isolation of sites, aesthetic and organoleptic preferences of consumers 
and traditional farmers.

There is an optimistic outlook on harnessing landraces and traditional vegetable 
varieties in a quality-oriented sustainable horticultural system.
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Chapter 5

Genomic Tools to Accelerate 
Improvement in Okra 
(Abelmoschus esculentus)
Suman Lata, Ramesh Kumar Yadav and B.S. Tomar

Abstract

Okra (Abelmoschus esculentus L. Moench), is an important vegetable crop with 
limited studies on genomics. It is considered as an essential constituent for balanced 
food due to its dietary fibers, amino-acid and vitamins. It is most widely cultivated 
for its pods throughout Asia and Africa. Most of the okra cultivation is done exclu-
sively in the developing countries of Asia and Africa with very poor productivity. 
India ranks first in the world with a production of 6.3 million MT (72% of the total 
world production). Cultivated okra is mostly susceptible to a large number of bego-
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viewpoints in India. Share of hybrid seed is more than 70% in nearly 6000 metric 
tonnes seed market in India. Okra is proved to be a very remunerative crop for 
farmers, but due to Bhendi Yellow Mosaic and Enation Leaf Curl Virus disease its 
successful production has become a challenge for the farmers all over the country, 
as most of the previously bred varieties like Parbhani Kranti, P-7, Arka Anamika 
and Arka have lost the resistance to YVMV and ELCV diseases [2]. Therefore, 
against viruses development of varieties/hybrids should the continuous process to 
enhance the crop productivity.

Tender pods of okra are used as delicious vegetable. To a limited extent, it is used 
in canned, dehydrated and frozen form. It removes constipation when 2-3 fresh 
pods are eaten regularly. It is often included in weight loss diet as it is both fat and 
cholesterol free and rich in fibre. It is rich source of protein, calcium, potassium 
and iodine. Fresh pod contains around 88% water, 0.1% fat, 8% carbohydrate, 1.8% 
protein and 0.9% fibre. Okra mucilage has potential for use as food, non-food prod-
ucts and medicine. Dried stems and roots of okra are used for cleaning sugarcane 
juice from which molasses is prepared. The dry seeds are rich source of oil (18-20%) 
and crude protein (20-23%). Edible oil of okra has pleasant taste and odour and 
it is high in unsaturated fats such as oleic and linoleic acid. Its ripe, roasted seeds 
are also used as coffee additive or substitute after grinding. It has a vast potential 
as one of the foreign exchange earning crops and accounts for about 60% of the 
export of fresh vegetables excluding potato, onion and garlic. Fresh okra is exported 
to Middle East, U.K., Western Europe, Singapore and USA. Frozen okra is also 
exported to U.K. cultivated okra, A. esculentus (2n = 130), is natural amphidiploid 
from chromosome doubling of cross between A. tuberculatus (2n = 58) as one parent 
and A. ficulneus (2n = 72) the other probable parent.

Genomic resources are practically absent in Abelmoschus, only two mRNA and 
few coding sequences of this genus are deposited in the public domain [3]. Okra 
genome is allopolyploid in nature and posses a large number of chromosomes 
(2n = 56–196) which makes it more complex for genome sequencing. Some, of the 
complexities in non model genomes like okra can be bypassed by sequencing the 
transcriptome rather than the genome [4]. mRNA sequencing also known as RNA-
seq. Has emerged as a powerful tool to identify novel transcript/gene sequences and 
to develop molecular marker in non-model plants like okra.

2. Begomoviruses infecting okra

There are at least 27 begomoviruses which infects okra; of which, two viruses 
i.e. Yellow Vein Mosaic Virus (YVMV) and Okra Enation Leaf Curl Virus (OELCV) 
most severely affect quality of pod and lowers production by reducing yield [5]. 
The diseases of begomoviruses are mainly transmitted by insect vector whitefly 
(Bemisia tabaci). Begomoviruses can also be transmitted by grafting; but, seed-
transmission or transmission through mechanical inoculation has not yet been 
established [6].

The yellow vein mosaic disease of okra (YVMD) caused by Bhendi yellow vein 
mosaic virus (BYVMV) was first reported in 1924 from the erstwhile Bombay 
Presidency [7]. The begomoviruses native to the New World have only bipartite 
genomes (having DNA-A and DNA-B components) whereas, of Old World are 
mostly monopartite (have DNA-A homolog and lacks DNA-B). In India, bhendi-
infecting monopartite begomoviruses were mostly associated along with a specific 
betasatellite, Bhendi yellow vein betasatellite (BYVB). These BYVBs have been 
reported to be pathogenicity determinant and found responsible for the characteris-
tic yellow vein mosaic symptoms. Minimum16 types of begomoviruses and 4 types 
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of beta satellites are found associated with the YVMD in different combinations [8]. 
Begomoviruses isolated from okra throughout the world are of monopartite nature 
[9]. However, tomato leaf curl New Delhi virus (ToLCNDV), which is a bipartite 
begomovirus and bhendi yellow vein Delhi virus (BYVDeV) also a bipartite species 
were characterized from okra [10].

The typical symptom of YVMD is yellowing of veins with in green leaf and if 
infection becomes severe infected leaves turn completely yellowish. In case of early 
infection of YVMV there is significant reduction i.e. up to 94 to 100% in terms of 
yield [11]. Occurrence of infection after 50–65 days of germination reduces the 
damage and loss by 49–84% [12]. Moreover, the popular varieties of okra in India 
have become susceptible to YVMV [13], new biotypes of whitefly vectors have 
surfaced and vectors have become partly resistant to the insecticides [14]. All these 
factors lead to decrease in overall production of okra in India. Therefore, advance 
biotechnological and genomic tools like RNA interference (RNAi), genome editing 
and sequencing along with conventional methods like transfer of resistance from 
wild sources are required to enhance production of okra under YVMD condition.

3. Okra Enation Leaf Curl Virus

Okra Enation Leaf Curl Virus Disease (OELCD) was first identified from 
Bangalore during the early 1980s in India; OELCD can reduces yield up to 80– 90% 
in okra [15]. The typical symptoms of OELCD are curling in leaves, thick veins, and 
reduced leaf surface area. In addition, the disease bearing plants become severely 
stunted along with small and malformed fruits which make them unsuitable for 
consumers. This disease is going to be the future menace of okra cultivation and 
needs a strategic breeding program to evolve resistance against OELCV [8].

4. Molecular marker development and gene diversity studies in okra

Isolation of purified DNA is challenging in okra due to the presence of large 
amounts of mucilaginous acidic polysaccharides like polygalacturonic acid and 
polyphenols which reduces yield as well as purity of DNA [16]. Presence of impuri-
ties in the DNA hinder the downstream processing of DNA like PCR, digestion 
with restriction enzymes and labelling of DNA segment [17]. Molecular markers 
has emerged as a potential system for evaluation of genetic variations and associa-
tions at inter and intra species level [18, 19]. Most commonly used markers for 
genetic studies and marker assisted breeding programme are Random Amplified 
Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphism and 
Simple Sequence Repeat (SSR) [20]. However, okra lacks information on molecular 
 markers [21].

There are only few studies where markers were used to assess the genetic 
diversity in okra using general DNA markers [22, 23]. Gene diversity studies 
reported in okra is listed in Table 1. RAPD was initially used in genetic diversity 
studies between different accessions of okra [23, 26, 27, 32]. Sequence related 
amplified polymorphism (SRAP) [22] have also been used in okra for diversity 
analysis studies. SSR markers are an important marker tool in the application of 
plant genetics and breeding because of their high reproducibility, multiallelic 
nature, codominant inheritance and good genome coverage  [33]. To develop the 
microsatellite markers in okra, Ravishankar et al. [34] has performed sequenc-
ing of genomic DNA employing Roche 454 Titanium pyrosequencing. A total of 
979,806 bp data was generated and 61,722 reads were attained. Out of 3735 contigs 
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reduced leaf surface area. In addition, the disease bearing plants become severely 
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polyphenols which reduces yield as well as purity of DNA [16]. Presence of impuri-
ties in the DNA hinder the downstream processing of DNA like PCR, digestion 
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genetic studies and marker assisted breeding programme are Random Amplified 
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There are only few studies where markers were used to assess the genetic 
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reported in okra is listed in Table 1. RAPD was initially used in genetic diversity 
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979,806 bp data was generated and 61,722 reads were attained. Out of 3735 contigs 
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obtained from assembled reads, a total of 2708 contigs had microsatellites. Finally 
402 microsatellites were used for selection of 50 SSR primers for amplification in 
okra. This is the first report on the development of genomic SSR markers in okra 
using next-generation sequencing technology.

5.  Next generation sequencing (NGS) and transcriptomics studies  
in okra

The next-generation sequencing (NGS) technology has transformed the field 
of molecular breeding, particularly in the identification and development of SSR 
markers. The advantage of NGS techniques are cost efficiency and large number 
of SSR can be identified in shorter time [34]. There is limited literature available 
in okra related to studies using genomic approaches. Transcriptome analysis has 
appeared as a potential approach to identify the transcript/gene sequences in the 
crops like okra where limited or no genome sequence information is available. The 
first study on transcriptome assembly in okra was reported by [3]. Both leaf and 
pod tissues of okra were taken for RNA sequencing and short read assembly SRA 
accession no. SRX206126. They have identified more than 150,000 unigenes and 
935 SSRs from unigenes (Table 2). These SSRs were used to study genetic diversity 

Species No. of 
accessions/
genotypes

Type of markers No. of 
primers

PIC Reference

Abelmoschus escullentus 48 ISSRS — 54.55% [24]

Abelmoschus escullentus 24 ISSRS 22 0.531929 [19]

Abelmoschus escullentus 66 (iPBS)-
retrotransposons 

and SSRs

83 iPBS, 9 
SSRs

0.66 iPBS
0.62 SSRs

[25]

Abelmoschus caillei 
(50), A. esculentus 
(43)

93 RAPD 13 — [26]

Abelmoschus spp 39 RAPD 31 — [27]

Abelmoschus esculentus 50 AFLP 33 12 [28]

Abelmoschus esculentus 22 AFLP 8 0.26 [29]

Abelmoschus escullentus 23 SRAP 39 — [22]

Abelmoschus esculentus,
A. moschatus,
A. manihot

65 SSR 19 0.49 [3]

Abelmoschus esculentus 
(21)
A. tuberculatus (1),
A. moschatus(1),
A. manihot (1)

24 SSR 18 0.53 [30]

A. esculentus (92)
A. tuberculatus (1),  
A. moschatus(1),  
A. moschatus subspecies 
tuberosus (1), and  
A. manihot(1)

96 SSR 40 0.52 [31]

Table 1. 
Gene diversity studies in okra.
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obtained from assembled reads, a total of 2708 contigs had microsatellites. Finally 
402 microsatellites were used for selection of 50 SSR primers for amplification in 
okra. This is the first report on the development of genomic SSR markers in okra 
using next-generation sequencing technology.

5.  Next generation sequencing (NGS) and transcriptomics studies  
in okra

The next-generation sequencing (NGS) technology has transformed the field 
of molecular breeding, particularly in the identification and development of SSR 
markers. The advantage of NGS techniques are cost efficiency and large number 
of SSR can be identified in shorter time [34]. There is limited literature available 
in okra related to studies using genomic approaches. Transcriptome analysis has 
appeared as a potential approach to identify the transcript/gene sequences in the 
crops like okra where limited or no genome sequence information is available. The 
first study on transcriptome assembly in okra was reported by [3]. Both leaf and 
pod tissues of okra were taken for RNA sequencing and short read assembly SRA 
accession no. SRX206126. They have identified more than 150,000 unigenes and 
935 SSRs from unigenes (Table 2). These SSRs were used to study genetic diversity 

Species No. of 
accessions/
genotypes

Type of markers No. of 
primers

PIC Reference

Abelmoschus escullentus 48 ISSRS — 54.55% [24]

Abelmoschus escullentus 24 ISSRS 22 0.531929 [19]

Abelmoschus escullentus 66 (iPBS)-
retrotransposons 

and SSRs

83 iPBS, 9 
SSRs

0.66 iPBS
0.62 SSRs

[25]

Abelmoschus caillei 
(50), A. esculentus 
(43)

93 RAPD 13 — [26]

Abelmoschus spp 39 RAPD 31 — [27]

Abelmoschus esculentus 50 AFLP 33 12 [28]

Abelmoschus esculentus 22 AFLP 8 0.26 [29]

Abelmoschus escullentus 23 SRAP 39 — [22]

Abelmoschus esculentus,
A. moschatus,
A. manihot

65 SSR 19 0.49 [3]

Abelmoschus esculentus 
(21)
A. tuberculatus (1),
A. moschatus(1),
A. manihot (1)

24 SSR 18 0.53 [30]

A. esculentus (92)
A. tuberculatus (1),  
A. moschatus(1),  
A. moschatus subspecies 
tuberosus (1), and  
A. manihot(1)

96 SSR 40 0.52 [31]

Table 1. 
Gene diversity studies in okra.
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in diverse okra germplasm by many workers and found informative for classifica-
tion and understanding of okra germplasm. Ravishankar et al. [34] first reported 
development of genomic SSR markers in okra using Roche 454 Titanium pyrose-
quencing technology. A total of 61,722 reads were generated from 979,806 bp data. 
These reads were assembled into 3735 contigs of which 2708 had microsatellites. 
Primers were designed for 402 microsatellites, from which 50 randomly selected 
SSR primers were standardized for amplification of okra DNA.

MicroRNAs (miRNAs) are regulatory RNAs which plays a crucial role in regulat-
ing gene expressions at post-transcriptional levels in disease conditions. Vimala 
Kumar et al. [38] applied next generation sequencing approach for global profiling 
to characterize the miRNAs and their associated pre-miRNAs. Data analysis using 
miRPlant revealed 128 known and 845 novel miRNA candidates. They identified 57 
known miRNAs of 15 families and 18 novel miRNAs. A total of 845 novel candidates 
were predicted when using cotton as a reference genome which is closely related 
to A. esculentus. In 2018, Zhang and co-workers used transcriptome approach to 
identify the transcripts involved in the synthesis of bioactive compounds like 
flavonoids and polysaccharides in various organs like roots, stems, leaves, flowers, 
and fruits. They have identified 293,971 unique unigene sequences, 931 unigenes 
related to enzymes of flavonoids biosynthesis were identified and quantified. 691 
unigenes encoded 13 key enzymes related to fructose and mannose metabolism. 
The transcriptome data will be useful for the gene expression analysis study of the 
genes encoding bioactive compounds in okra. Priyavathi et al. [36] reported high 
quality leaf transcriptome of A. esculentus from leaf samples. 16,307 unigenes, 76 
transcription factor, 9,578 potential SSRs have been identified from A. esculentus 
leaf transcriptome. The A. esculentus sequence information presented in this study 
will be a valuable resource for further molecular genetics and functional genomics 
studies for the improvement of this crop plant.

6. Proteomic studies in okra

Proteomics analysis is a tool to facilitate the study of global protein expres-
sion, and to provide a wealth of information on the role of individual proteins in 
specific biological processes. Due to the complex allopolyploid genome of okra 
little attention has been paid to the genetic improvement of this crop until recently. 
Soil salinity is one of the main abiotic stresses limiting plant growth and agricul-
tural productivity. Understanding the mechanisms that protect plants from salt 
stress will help in the development of salt-stress-tolerant crop. Using TMT-based 
proteomic technique in 2019, Zhan and associates analyzed the differentially 
expressed proteins between the NaCl-treated seedlings and control. They have 
identified a total of 7179 proteins, there were 317 differentially expressed proteins 
(DEPs), of which 165 proteins were upregulated and 152 proteins downregulated 
in the presence of NaCl.

7. Discussion

The molecular markers can be effectively used to enhance okra breeding pro-
gramme through marker-assisted selection (MAS). Marker assisted breeding allows 
selection of desired trait at early stage which leads to accelerated development of 
improved varieties. Although, molecular markers have been broadly employed for 
DNA fingerprinting, gene mapping and gene tagging, seed purity testing and to 
know the molecular basis of heterosis in various crops, but in okra its use is still 
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limited, therefore, it is the need of hour to use these approaches to accelerate the 
okra breeding programme at faster pace. The genomics and bioinformatics should 
also be well integrated into the programme for effective application of markers 
to okra breeding. A comparative genomics approach of other crop should also be 
applied for breeding programmes of those crops where the genome information is 
not available. Development of cost-effective genotyping technologies should always 
be the integral part of any improvement programme. There is need to use SSR and 
SNP based genotyping technologies as well as advanced technologies such as next 
generation sequencing.

Resilient resistance to begomoviruses like Yellow vein mosaic virus (YVMV) 
poses a serious challenge to both breeders and pathologists as these viruses 
are highly diverse, and constantly generate new forms via recombination. 
Biotechnological tools to generate resistant cultivar against Yellow vein mosaic 
disease (YVMD) are limited due to the lack of informative polymorphic markers, 
genetic maps and genome sequence information. Therefore, use of novel molecular 
and genomic tools will help in the accomplishing resistance against YVMV in okra. 
Identification of markers linked to the YVMV resistance gene/s and its pyramiding 
for combining multiple disease resistance genes in various backgrounds will help 
in okra crop improvement. In addition, genomic tools will help in elucidating the 
metabolic pathway governing disease resistance.

8. Conclusion

Okra is considered as a non model crop with a complex genome. Genomic stud-
ies like genome sequencing and transcriptome sequencing will help in identification 
of genes/transcripts for important agronomic traits like disease resistance in okra. 
Tools like RNAi and CRISPR/Cas9 genome editing can be employed for imparting 
resistance as well as functional characterization of genes. Identification of genes/
transcripts and markers linked to the resistance genes will help in breeding for resis-
tance varieties. Also, there is requirement to bred durable/stable resistance against 
multiple diseases. ELCV is emerging as new havoc for okra along with YVMV which 
may be more difficult for production of okra in future. Therefore, gene pyramiding 
for combating multiple disease resistance genes in various genetic backgrounds 
should be done. There is also need to breed varieties/hybrids tolerant to abiotic 
stresses like cold, moisture and salt stress in the changing climatic scenario.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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quencing technology. A total of 61,722 reads were generated from 979,806 bp data. 
These reads were assembled into 3735 contigs of which 2708 had microsatellites. 
Primers were designed for 402 microsatellites, from which 50 randomly selected 
SSR primers were standardized for amplification of okra DNA.

MicroRNAs (miRNAs) are regulatory RNAs which plays a crucial role in regulat-
ing gene expressions at post-transcriptional levels in disease conditions. Vimala 
Kumar et al. [38] applied next generation sequencing approach for global profiling 
to characterize the miRNAs and their associated pre-miRNAs. Data analysis using 
miRPlant revealed 128 known and 845 novel miRNA candidates. They identified 57 
known miRNAs of 15 families and 18 novel miRNAs. A total of 845 novel candidates 
were predicted when using cotton as a reference genome which is closely related 
to A. esculentus. In 2018, Zhang and co-workers used transcriptome approach to 
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will be a valuable resource for further molecular genetics and functional genomics 
studies for the improvement of this crop plant.
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Proteomics analysis is a tool to facilitate the study of global protein expres-
sion, and to provide a wealth of information on the role of individual proteins in 
specific biological processes. Due to the complex allopolyploid genome of okra 
little attention has been paid to the genetic improvement of this crop until recently. 
Soil salinity is one of the main abiotic stresses limiting plant growth and agricul-
tural productivity. Understanding the mechanisms that protect plants from salt 
stress will help in the development of salt-stress-tolerant crop. Using TMT-based 
proteomic technique in 2019, Zhan and associates analyzed the differentially 
expressed proteins between the NaCl-treated seedlings and control. They have 
identified a total of 7179 proteins, there were 317 differentially expressed proteins 
(DEPs), of which 165 proteins were upregulated and 152 proteins downregulated 
in the presence of NaCl.

7. Discussion

The molecular markers can be effectively used to enhance okra breeding pro-
gramme through marker-assisted selection (MAS). Marker assisted breeding allows 
selection of desired trait at early stage which leads to accelerated development of 
improved varieties. Although, molecular markers have been broadly employed for 
DNA fingerprinting, gene mapping and gene tagging, seed purity testing and to 
know the molecular basis of heterosis in various crops, but in okra its use is still 
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limited, therefore, it is the need of hour to use these approaches to accelerate the 
okra breeding programme at faster pace. The genomics and bioinformatics should 
also be well integrated into the programme for effective application of markers 
to okra breeding. A comparative genomics approach of other crop should also be 
applied for breeding programmes of those crops where the genome information is 
not available. Development of cost-effective genotyping technologies should always 
be the integral part of any improvement programme. There is need to use SSR and 
SNP based genotyping technologies as well as advanced technologies such as next 
generation sequencing.

Resilient resistance to begomoviruses like Yellow vein mosaic virus (YVMV) 
poses a serious challenge to both breeders and pathologists as these viruses 
are highly diverse, and constantly generate new forms via recombination. 
Biotechnological tools to generate resistant cultivar against Yellow vein mosaic 
disease (YVMD) are limited due to the lack of informative polymorphic markers, 
genetic maps and genome sequence information. Therefore, use of novel molecular 
and genomic tools will help in the accomplishing resistance against YVMV in okra. 
Identification of markers linked to the YVMV resistance gene/s and its pyramiding 
for combining multiple disease resistance genes in various backgrounds will help 
in okra crop improvement. In addition, genomic tools will help in elucidating the 
metabolic pathway governing disease resistance.

8. Conclusion

Okra is considered as a non model crop with a complex genome. Genomic stud-
ies like genome sequencing and transcriptome sequencing will help in identification 
of genes/transcripts for important agronomic traits like disease resistance in okra. 
Tools like RNAi and CRISPR/Cas9 genome editing can be employed for imparting 
resistance as well as functional characterization of genes. Identification of genes/
transcripts and markers linked to the resistance genes will help in breeding for resis-
tance varieties. Also, there is requirement to bred durable/stable resistance against 
multiple diseases. ELCV is emerging as new havoc for okra along with YVMV which 
may be more difficult for production of okra in future. Therefore, gene pyramiding 
for combating multiple disease resistance genes in various genetic backgrounds 
should be done. There is also need to breed varieties/hybrids tolerant to abiotic 
stresses like cold, moisture and salt stress in the changing climatic scenario.
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Nutritional Value and 
Phytochemical Content of 
Crop Landraces and Traditional 
Varieties
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Abstract

Over the years, crops have been improved through breeding, mainly to increase 
production and, secondly, to introduce resistance to diseases and to achieve toler-
ance to abiotic stresses, these two latter by resorting to Crop Wild Relatives (CWR). 
This has resulted, in most cases, in homogeneous and nutritionally poor commer-
cial varieties. Landraces and traditional varieties, barely taken into account, are 
key resources as they retain nutrients frequently “washed away” in the commercial 
varieties and also harbour a great genetic variability. They could represent a short-
cut when compared to CWR in breeding, saving time and resources. The consumer’s 
growing interest in health and food quality has caused breeders to redirect their 
attention toward them. This chapter provides information about the content in 
compounds with health benefits, such as phenolics, minerals, vitamins, etc., of 
landraces and traditional varieties of the most important crops, which could help to 
obtain healthier and more nutritious products.

Keywords: biofortification, carotenoids, micronutrients, health-promoting 
compounds, minerals, plant breeding, phenolic compounds, vitamins

1. Introduction

1.1  Landraces and traditional varieties: similarities, differences and comparison 
with wild species and commercial varieties

In the wide spectrum of plant material in terms of domestication and/or breeding, 
the concepts seem to be clear in both extremes, wild forms and commercial variet-
ies. On one hand, the wild plants (either the Crop Wild Relatives, CWR, or those 
belonging to more distant gene pools) are those that have not been domesticated 
or subject to processes of artificial (human) selection and breeding. They do not 
exhibit traits typically present in cultivated plants, like uniform seed germination 
and homogeneous fruit ripening, or desirable characteristics present in those plants 
destined to human consumption, mainly related to quality (Figure 1). On the other 
hand, commercial varieties are those obtained by a breeding programme aimed to 
improve certain traits of the crop and that differ from other existing varieties by 
distinctive properties, which are uniformly expressed, and transferred in a stable 
way to the subsequent generations (Figure 1).
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In between those two ends, a wide plethora of intermediate forms can be found. 
That is a grey area with blurred boundaries, what explains the general lack of con-
sensus in even defining the plant material. In many cases, different terms have been 
used to refer to the same (or similar) type of plant, like ecotype, landrace, race, 
farmer variety, folk variety, local variety, traditional cultivar, etc. [1]. Even if some 
definitions are contradictory, there seems to be some recurrent ideas when authors 
refer to landraces and traditional varieties.

Landraces are profusely described in the literature as autochthonous cultivars 
or, at least, cultivars that have been grown in a certain area since ancestral times 
and, hence, are adapted to local growing conditions and uses through natural 
selection but without any active intervention from farmers. There are several terms 
difficult to verify in that definition. It does not seem easy to trace back the origin 
of the cultivars, especially if we take into account that the crop dispersals and the 
human migrations are inseparable. Besides, even if they have been cultivated in a 
region for a long period of time and, hence, they are adapted to the predominant 
environmental conditions, that does not imply that they exhibit a great tolerance to 
adverse conditions, biotic and abiotic stresses as stated before [1, 2]. Actually, the 
adverse edaphic, climatic and phytosanitary conditions would be mitigated even by 
the most traditional low input agricultural systems in comparison to those that the 
wild plants would have to face in the same region. Finally, it is difficult to defend 
the idea of farmers growing a cultivar for generations without carrying out any type 
of selection of the outstanding individuals, even if it is not fully conscious, as stated 
mainly in the earliest definitions [3, 4]. In fact, the agriculture procedures (seeding, 
harvesting …) exert an artificial selection under which the most suitable genotypes 
for those cultural practises, prosper (and they probably rely on them for their 
survival, in return). Furthermore, in a scenario in which only the natural selection 
is acting, the resulting plants would probably be more similar to their wild relatives 
and less to the bred cultivars (and that is not the case with the landraces). In more 
recent definitions, the idea of a more or less directed human selection has been 
embraced [5–7], even if it cannot be considered a formal breeding programme [8].

In contrast with landraces, traditional varieties (also called folk varieties or 
farmer-bred varieties), have usually been defined like those that have been main-
tained by active selection and/or breeding by farmers. And, if this is the main dif-
ference between landraces and traditional varieties (as the latter are also cultivated 
locally and are well adapted to the particular climatic and growing conditions), is it 
really possible to distinguish them? How do we determine if a certain variety is the 

Figure 1. 
Examples of phytogenetic resourses within the genus Lactuca: A lettuce wild relative (Lactuca dregeana DC.) 
and two cultivated forms (Lactuca sativa L.), a landrace/traditional variety (Morada de Bernués), and a 
commercial variety (‘Romana inverna’).
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product of merely natural selection or the human intervention has also played a role 
on it? Is it actually possible to separate both processes? It could be that the ques-
tion is nowadays irrelevant and the important aspect is that, either if we call them 
landraces or traditional varieties (Figure 1), they consist of dynamic populations 
that harbour enough genetic variability to show adaptability to local conditions and 
plasticity to overcome eventual changes, even if they can be fairly uniform for the 
selected traits. That broad genetic base would explain that, under eventual adverse 
conditions, they are still able to yield stably (though moderately), as some geno-
types within the population will possibly show a better performance. These aspects 
were early emphasised by the plant breeder Harlan [9] when stated that some of the 
most important characteristics of landraces are their genetic diversity and dyna-
mism, what has also been adopted in more modern times by other authors [10, 11]. 
Harlan also pointed out that they are the result of millennia of natural and artifi-
cial selection, as a way of integrating these two indiscernible processes. Another 
approach to overcome this thorny aspect consisted of eliminating the type of selec-
tion undergone in the definition of the landraces [12]. Any realistic and updated 
definition of this type of plant material will have to include the impact of agriculture 
and, hence, the human influence in their evolution as proposed recently [13].

Another aspect that blurs the lines between landraces and traditional varieties is 
the gene flow between them. With the availability of molecular markers and Next-
Generation Sequencing (NGS) techniques, it is possible to trace the allele introgres-
sion from cultivated (all types) to wild plants and vice versa. Even if there were 
landraces exclusively product of natural selection and traditional varieties obtained 
by men selection, obviously, gene transfer could have also happened between them, 
especially taking into account that exchanging plant material is a common practise 
among farmers.

In any case, the main differences when compared to commercial varieties are 
that landraces and traditional varieties do not always have a traceable origin, they 
exhibit a great diversity and, precisely for that reason, most of their traits are less 
uniform within them and less stable through the descendants.

1.2  Importance and conservation of landraces and traditional varieties  
in germplasm banks worldwide

The great variability harboured by the landraces and traditional varieties is one 
of their most outstanding characteristics. Historically, all this richness had been 
preserved and used (a vicious circle of cause and effect) by the agriculturalists. 
That situation started to change when the erosion of the plant genetic resources 
became patent for scientists and breeders, not only in the case of landraces and 
traditional varieties, but also concerning the wild species. Since then, the germ-
plasm banks have assumed a principal role in safeguarding this plant biodiversity 
[14]. The strategy has revealed itself so successful that, according to the World 
Information and Early Warning System (WIEWS) on Plant Genetic Resources for 
Food and Agriculture (PGRFA), approximately 5.4 million accessions are being 
conserved in over 710 genebanks from 103 countries and 17 international/regional 
centres [15]. Landraces and traditional varieties represent the heart of the col-
lections, what becomes obvious when the numbers of the different types of plant 
resources are consulted. As an example, in Genesys, which is a portal that supplies 
not only seeds, but also characterisation and evaluation data about PGRFA from 
germplasm banks around the world [16], landraces and traditional varieties account 
for the highest proportion of accessions (37%), followed by breeding and research 
material (27%), advanced and improved cultivars (19%), and finally, wild forms 
(17%) (Figure 2).
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traditional varieties, but also concerning the wild species. Since then, the germ-
plasm banks have assumed a principal role in safeguarding this plant biodiversity 
[14]. The strategy has revealed itself so successful that, according to the World 
Information and Early Warning System (WIEWS) on Plant Genetic Resources for 
Food and Agriculture (PGRFA), approximately 5.4 million accessions are being 
conserved in over 710 genebanks from 103 countries and 17 international/regional 
centres [15]. Landraces and traditional varieties represent the heart of the col-
lections, what becomes obvious when the numbers of the different types of plant 
resources are consulted. As an example, in Genesys, which is a portal that supplies 
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for the highest proportion of accessions (37%), followed by breeding and research 
material (27%), advanced and improved cultivars (19%), and finally, wild forms 
(17%) (Figure 2).



Landraces - Traditional Variety and Natural Breed

98

The high genetic variability exhibited by landraces and traditional varieties 
obviously translates into characteristics that could be desirable in modern varieties, 
particularly those related to their nutritional value and content of health-promoting 
compounds, which is the subject under discussion in this chapter. In modern 
breeding programmes, flavour selection has prevailed over nutritional quality. That 
explains why, for instance, modern lettuce varieties have almost lost their ancestral 
bitterness. That is a direct consequence of the drastic decrease in the content of 
sesquiterpene lactones, which are not only responsible for the bitter taste but have 
also beneficial properties for the plant itself and for the animals that feed on it [17]. 
In other cases, the main objective has not been to eliminate flavours detrimental to 
the taste but to enhance the pleasant ones. This is the case for sweet corn. Its sugar 
content has been escalating over the last decades by the selection of varieties with 
an increasing polysaccharide content: sugar-enhanced varieties, supersweet or 
extrasweet varieties, high sugar varieties... [18]. The side effect has been the disap-
pearance of non-sweet dark-grain primitive varieties rich in anthocyanins, which 
happen to be powerful antioxidants with an important role for health by preventing 
cardiovascular diseases and by presenting anti-cancer activity [19, 20]. The land-
races and traditional varieties were shaped under very different criteria, what does 
not necessary implies that they are better, for instance, from a nutritional perspec-
tive, than any commercial variety, though they contribute to increase the agrodi-
versity and to enrich the diet. In this sense, the germplasm banks can act as gene 
reservoir to improve crops, allowing us to dive for valuable characteristics to obtain 
all types of plant material (coming from crosses between different traditional 
varieties, between traditional varieties and CWR, between traditional varieties and 
breeding material …), using both conventional and biotechnological tools.

2. Essential micronutrients

Essential micronutrients are nutrients that must be obtained in the diet as they 
cannot be synthesised by the human body. They are required in small quantities and 
usually consist of vitamins and minerals. Micronutrients play vital roles in human 

Figure 2. 
Relative amount of the different types of accessions attending to their biological status (excluding the “not 
specified” material) hold at Genesys [16], the online platform which harbour information about PGRFA 
conserved in genebanks worldwide.

99

Nutritional Value and Phytochemical Content of Crop Landraces and Traditional Varieties
DOI: http://dx.doi.org/10.5772/intechopen.95514

health, so their deficiencies can be devastating. These deficiencies, also known as 
hidden hunger, are mainly consequence of micronutrient low concentrations in the 
daily diet, resulting in malnutrition that is considered an important global problem 
of public health, especially in developing countries. In addition, the impact is more 
serious in women of reproductive age (especially pregnant women) and under-five 
children due to their higher micronutrient requirements. In fact, maternal and child 
malnutrition or micronutrient deficiencies affect approximately half of the world’s 
population [21]. Nevertheless, hidden hunger also affects developed countries due 
to low quality food or bad habits, like extreme diets to lose weight or alcohol and 
drug abuse.

Generally, fruits and vegetables are the sources of vitamins and minerals, but 
their concentrations in most plant foods are not sufficient to reach the daily dietary 
requirements, even if the recommended amounts are consumed [22]. Besides, 
micronutrient content usually depends on the plant genotype, among other factors 
like environmental conditions, time of harvest, etc. Cases in which landraces and 
traditional varieties of important crops exhibit higher contents of micronutrients 
than commercial and modern cultivars are described here. They actually could play 
a key role in human health by supplying an enhanced nutrition.

2.1 Organic micronutrients: vitamins

Vitamins are a diverse group of organic molecules that are essential in trace 
quantities for a proper metabolism of all living organisms and are mainly synthe-
sised by plants and microorganisms. Vitamins can be classified into fat-soluble 
(A, D, E and K) or water-soluble (vitamin B-complex, C and H) compounds. Their 
main function is to act as cofactors for many enzymes and as natural antioxidants, 
both in plants and animals. In addition, some vitamins play specific roles, for 
example, in human vision (vitamin A) [23] or as hormones implied in calcium and 
phosphorus homeostasis in the blood stream (vitamin D) [24], and many of them 
are indispensable to prevent chronic diseases [19, 20].

Plants, mostly fruits and vegetables, are the main source of vitamins for humans. 
However, their concentration in the edible portions of most important crops is 
usually below the recommended daily intake, which entails important implications 
for global human health [24]. Interestingly, some landraces exceed these minimal 
requirements or, at least, they are richer than commercial cultivars in these micro-
nutrients, especially for vitamins A, C and E.

2.1.1 Vitamin A

Vitamin A is a fat-soluble vitamin group that includes retinol and its deriva-
tives, like retinoic acid and retinal, among many others [25]. Besides, among 
the large group of compounds known as carotenoids, there are some that can 
act as precursors of vitamin A, known generically as provitamin A, such as 
α-carotene, β-cryptoxanthin and β-carotene, the most abundant and nutritionally 
active within them all. The richest sources of vitamin A are from animal origin, 
whereas carotenoids are synthesised mainly by plants, but also by some fungi and 
microorganisms.

Carotenoids play important roles in plant metabolism: acting as pigments in dif-
ferent tissues, mediating plant–animal interaction for pollination or seed dispersal, 
participating in cell photoprotection against photooxidative damage and heat stress, 
and protecting membranes from lipid peroxidation thanks to their antioxidant 
activity [26].
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Plants, mostly fruits and vegetables, are the main source of vitamins for humans. 
However, their concentration in the edible portions of most important crops is 
usually below the recommended daily intake, which entails important implications 
for global human health [24]. Interestingly, some landraces exceed these minimal 
requirements or, at least, they are richer than commercial cultivars in these micro-
nutrients, especially for vitamins A, C and E.
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Vitamin A is a fat-soluble vitamin group that includes retinol and its deriva-
tives, like retinoic acid and retinal, among many others [25]. Besides, among 
the large group of compounds known as carotenoids, there are some that can 
act as precursors of vitamin A, known generically as provitamin A, such as 
α-carotene, β-cryptoxanthin and β-carotene, the most abundant and nutritionally 
active within them all. The richest sources of vitamin A are from animal origin, 
whereas carotenoids are synthesised mainly by plants, but also by some fungi and 
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Carotenoids play important roles in plant metabolism: acting as pigments in dif-
ferent tissues, mediating plant–animal interaction for pollination or seed dispersal, 
participating in cell photoprotection against photooxidative damage and heat stress, 
and protecting membranes from lipid peroxidation thanks to their antioxidant 
activity [26].
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In humans, provitamin A is involved in vision, immune responses, cellular 
growth, development and reproduction [23]. Vitamin A deficiency is one of the 
micronutrient deficiencies with more devastating consequences for health. It is the 
main cause of preventable blindness in children and pregnant women, especially 
in low-income countries, and raises the risk of suffering several diseases and of 
dying as a result of severe infections. Between 250,000 and 500,000 vitamin A 
deficient children become blind every year, half of them dying 12 months later [27]. 
Therefore, it is a question of the utmost importance to know what plant-based foods 
contain high levels of provitamin A.

The β-carotene content was measured in two Spanish landraces of tomato 
(Solanum lycopersicum L.) and in the commercial variety ‘Moneymaker’ [28]. A 
higher concentration of this carotenoid was found in green fruits of the two land-
races when compared to ‘Moneymaker’, whereas in ripe fruits, only the landrace 
Negro Yeste had a higher amount, even more than double. Also in comparison with 
the commercial variety ‘Moneymaker’, three tomato landraces, two from Italy and 
one from Guatemala, showed a significantly higher β-carotene content [29]. In 
other study carried out in melon (Cucumis melo L.), landraces of different origins 
exhibited the highest levels of β-cryptoxanthin and β-carotene compared with 
commercial melons [30]. In an analysis of the β-carotene content of mungbean 
(Vigna radiata L. Wilzeck), the landrace VI000323 B-G happened to have grains 
significantly richer than two improved mungbean lines at their maturity stage [31]. 
Though modern wheat (Triticum spp.) varieties were not analysed, old varieties 
(from the 1900–1960 breeding period) were included as reference, and the average 
values obtained for β-carotene and β-cryptoxanthin were significantly higher in the 
wheat landraces than in the old cultivars [32]. Also in landraces of pepino (Solanum 
muricatum Ait.) from the Andean region [33] and in the landrace G-4615 of sweet 
potato (Ipomoea batatas (L.) Lam.) from Solomon Islands [34], higher contents of 
β-carotene than in improved varieties have been obtained.

2.1.2 Vitamin C

Vitamin C is a water-soluble vitamin that comprises ascorbic acid (AA), the 
main biologically active form, and its oxidation product, dehydroascorbic acid 
(DHAA), easily convertible into AA in the human body [35]. In plants, vitamin C 
plays relevant roles in metabolic and defence processes, as it is an important anti-
oxidant in the ascorbate-glutathione pathway, it protects enzymes with prosthetic 
metal ions, it is a cofactor for many enzymes (including those involved in cell wall 
synthesis), it is involved in photosynthesis and respiration, etc. [36].

In humans, it is crucial in some metabolic processes as it participates in col-
lagen formation and inorganic iron absorption, and contributes to a healthy state 
by reducing the cholesterol levels, preventing chronic diseases and enhancing the 
immune system by its antioxidant action [37]. The main consequence of vitamin C 
deficiency is scurvy and, although relatively few people suffer this deficiency, the 
benefits of the micronutrient are evident, so it is important to find vitamin C-rich 
plant food.

Some studies have reported a higher content in vitamin C in crop landraces 
with respect to commercial varieties. For example, 17 Spanish melon traditional 
varieties were evaluated and most of them had significantly higher values of AA 
when compared with 10 commercial accessions of reference, in some cases even 
doubling the AA values of the commercial variety within the same market class 
(Piel de Sapo, Yellow, Ananás…) [38]. Traditional varieties of lettuce (Lactuca sativa 
L.) from Aragón (Spain) have also been reported to have higher average contents in 
vitamin C than commercial varieties, especially AA content [39, 40]. Some Spanish 
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landraces of eggplant (Solanum melongena L.) had also a higher concentration of 
both, AA and DHAA, than commercial hybrids [41]. In other experiment, four to 
seven traditional varieties of tomato contained higher concentrations of vitamin 
C than the commercial variety ‘Baghera’, with significant differences for the tradi-
tional varieties CIDA-62 and BGW-004123. In addition, CIDA-62 fruits showed the 
highest antioxidant activity, whereas the lowest was observed in the commercial 
variety [42]. Other authors also reported 10 indeterminate tomato landraces 
that exhibited significantly higher AA contents than the commercial variety 
‘Moneymaker’ [29]. In analyses of the AA content in accessions of garlic (Allium 
sativum L.) from Plugia region (Italy), the six landraces evaluated had a higher con-
tent than the commercial cultivar used as reference [43]. Higher contents of total 
vitamin C have also been obtained in grains of the mungbean landrace VI000323 
B-G from Taiwan [31], in the Greek onion (Allium cepa L.) landrace Vatikiotiko 
[44] and in two rare landraces of Italian turnip (Brassica rapa L. subspecies rapa) 
[45] when compared with commercial and improved varieties.

2.1.3 Vitamin E

Vitamin E is a fat-soluble vitamin group made up of tocopherols and tocotri-
enols, a group of lipid-soluble compounds. Both tocopherols and tocotrienols can 
present four different methylated forms, α, β, γ and δ, and although all of them 
are antioxidants, α-tocopherol is the most abundant form and has the highest 
activity [46].

In plants, the main function of vitamin E is as antioxidant, quenching and 
scavenging singlet oxygen, controlling the extent of lipid peroxidation, preserving 
the integrity of the membranes, and protecting against photoinhibition and photo-
oxidative stresses [36].

In humans, vitamin E also acts as a potent antioxidant and it is involved in 
multiple physiological processes, such as regulation of gene expression and cogni-
tive performance. Besides, vitamin E plays a key role in maintaining a healthy state 
by controlling the inflammation, enhancing the immune function and preventing 
light-induced pathologies of the skin and eyes, and degenerative disorders like 
cardiovascular diseases, atherosclerosis and cancer. Its deficiency is common in 
developing countries and affects mainly children and the elderly, and can cause 
haemolytic anaemia in premature babies and neurological and ophthalmological 
disorders as well as myopathy in children. In developed countries it is rare and only 
appears in some stages of development, such as in premature babies, and specific 
conditions, like in digestive and genetic pathologies [24].

A total of 28 Korean accessions of soybean (Glycine max L.) were evaluated and 
the highest total tocopherol contents were observed in the seeds of the 7 landraces 
analysed, especially in HaNagari, in comparison with the modern cultivars devel-
oped by cross-breeding, in which paradoxically the content decreased gradually 
with the year of registration [47]. Furthermore, a strong negative correlation 
between tocopherol contents and lipid peroxidation was observed (what demon-
strates the vitamin E role in oxidative stress tolerance), with the soybean landraces 
showing the lowest lipid peroxidation. In wheat, higher contents of tocopherols and 
tocotrienols were obtained for some landraces in comparison with modern cultivars 
when individual genotypes were analysed [48]. Hazelnut (Corylus avellana L.) is 
also a good source of vitamin E and an Argentinian landrace has been reported to 
have the highest total tocopherol content in comparison with different commercial 
cultivars [49]. The total contents of tocopherols and tocotrienols, as well as total 
vitamin E, were higher in traditional red rice (Oryza sativa L.) varieties than in 
three light brown new-improved varieties [50].
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2.2 Mineral micronutrients

Mineral micronutrients are inorganic elements required in small quantities to 
play vital functions in both, plants and animals. The nutrient classifications are 
dynamic and, sometimes, even contradictory. That is because, on one hand, the 
limit between small and big quantities that determine the inclusion of an element 
in the micronutrient or macronutrient list can result arbitrary. On the other hand, 
new discoveries about the participation of some elements in important physiologi-
cal mechanisms cause their transfer from the “nonessential” to the “essential” list. 
Magnesium (Mg) is a clear example of discrepancies on the first criteria as, depend-
ing on the author, is described as micronutrient or macronutrient as ranks in an 
intermediate position in terms of recommended daily allowances [51]. Regarding 
the second criteria, some minerals like boron (B) have been known to be essential 
for plant nutrition for a long time but it has not been until a few decades ago that its 
important effect on human nutrition was noted [52].

In plants, mineral micronutrients participate in different physiological processes 
of primary and secondary metabolism, like photosynthesis, electron transfer, 
activation of enzymes, cell defence, hormone perception, gene regulation… So, 
mineral deficiencies affect the plant life cycle seriously, causing even plant death in 
the severest cases [53].

In humans, more than 22 mineral elements (altogether micro- and macro-
nutrients) are essential and they can be obtained with an appropriate diet [51]. 
Nevertheless, mineral deficiencies are very common, especially in developing coun-
tries, and their consequences, such as learning disabilities in children, increased 
morbidity and mortality, low productivity at work…, are detrimental for humans. 
Iron (Fe), zinc (Zn) and iodine (I) are the mineral elements most frequently lacking 
in the diet and their deficiencies, together with vitamin A deficiency, are responsible 
for about 12% of the deaths among under-five children globally [21]. Fe is important 
for oxygen transport and haemoglobin formation, and its deficiency is the main 
cause of preventable iron-deficiency anaemia, poor cognitive development, and 
maternal and child deaths [54, 55]. Zn plays a central role in growth, development 
and in the normal functioning of the immune system, so its deficiency hampers 
growth, alters immunity and also causes diarrhoea among children [56, 57]. 
Moreover, both deficiencies are also associated with childhood stunting. I is a 
component of the thyroid hormones and a strong antioxidant. Its deficiency can also 
cause growth impairments and, in addition, thyroid enlargement (goitre), hypothy-
roidism, pregnancy loss, infant mortality and cognitive and neuron psychological 
impairments [58]. On the other hand, manganese (Mn), copper (Cu) or selenium 
(Se) deficiencies are not a global issue, but they are common in some populations of 
developing countries, specifically in parts of China, India and Africa [51].

Many landraces of horticultural crops are reported to present higher contents 
of minerals and oligoelements than commercial varieties. In a study carried out 
with seeds of Turkish lentils (Lens culinaris Medik.), the average values of all the 
micro-minerals quantified (Cu, Fe, Mn, and Zn) were higher in the landraces than 
in the commercial cultivars, being Kahmar1 the richest in Zn and Cu, Diykub in 
Fe, and Kahmar2 in Mn [22]. Also in Turkey, higher contents of Zn and Se have 
been observed in common bean (Phaseoulus vulgaris L.) landraces than in modern 
varieties, especially in the landrace LR05 [59]. The Greek onion landrace Vatikiotiko 
[44] and a Greek garlic landrace [60] were both richer in Zn, Mn and Fe than 
well-established onion cultivars and hybrids commercialised in Greece and a garlic 
commercial cultivar used as control, respectively. In addition, the mineral content 
of the onion landrace was even higher than the suggested by USDA (United States 
Department of Agriculture) for raw onions as a standard reference, especially for 
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Fe. Results obtained in chickpea (Cicer arietinum L.) revealed that landraces from 
Kyrgyzstan presented higher average values for Fe, Mn, Cu and Zn compared with a 
breeding line [61]. In Andean landraces of pepino [33], in several eggplant landra-
ces from Spain and Cuba [62], and in landraces of mungbean [31], higher contents 
in Fe and Zn than in commercial and modern varieties have also been reported.

For cereal crops there are also several studies in which landraces are reported to 
be richer in mineral micronutrients than commercial varieties. Wheat is one of the 
most important cereal crops worldwide and there are many studies on wheat land-
races. The maximum contents in Fe, Cu, Zn, Mn, and Se were observed in wheat 
landraces from Canary Islands in comparison with the commercial cultivar ‘Vitrón’ 
[63]. Other authors [64] also reported landraces and old cultivars of wheat with 
a higher average concentration of B, Cu, Fe, and Zn, and of Cu, Fe, Zn, and Mn, 
respectively, than modern cultivars. Similarly, the average content in Fe, Zn, Mn, 
Cu, and strontium (Sr) in wheat grain was reported to be significantly higher in 12 
Sicilian landraces than in 3 modern cultivars [65]. Other study found seven Afghan 
wheat landraces with higher content in Fe than reference lines in three different 
locations [66]. In the case of rice, two Indian landraces showed a higher content in 
Zn in brown and even polished (considered a poor source of micronutrients) grains 
than the commercial variety ‘BPT 5204’ (‘Samba Mahsuri’), very appreciated for its 
high yield and quality [67].

3. Health-promoting phytochemicals

Plant-based foods are rich in different phytochemicals with health-promoting 
properties for the human body, in spite of not being essential nutrients. Polyphenols 
and carotenoids are the most important ones among these plant phytochemicals. 
Unlike micronutrients, their deficiencies in humans are not devastating, but their 
health benefits are very significant.

3.1 Polyphenols

Phenolic compounds (monophenols and polyphenols) are one of the most 
abundant and widely distributed groups of chemicals in plants, with more than 
8,000 structurally-different compounds currently identified [68]. Particularly, 
polyphenols are characterised by the presence of aromatic rings with one or more 
hydroxyl groups and, depending on the basic chemical structure, they are classified 
in at least 10 different types. However, there is a growing tendency to group them 
in 2 main categories: flavonoid (flavones, flavonols, flavanols, flavanones, isofla-
vones, and anthocyanins) and non-flavonoid (phenolic acids, stilbenes, lignans, 
xanthones, and tannins) compounds. In plants, polyphenols are involved, on one 
hand, in crucial biological processes, such as cell division, development, hormonal 
regulation, reproduction, photosynthesis, pigmentation and pollinator attraction, 
and, on the other hand, in protection mechanisms against oxidative damage due to 
radiation or biotic stress (pathogens), among other causes, thanks to their antioxi-
dant properties [69].

Polyphenols seems to be the main contributor to the total antioxidant activities 
of fruits, with flavonoids being the most abundant in human diets. The health-
promoting effects associated with phenolic compounds include the elimination of 
free radicals, as well as the prevention of chronic diseases, such as cancer, diabetes 
and cardiovascular and neurodegenerative diseases [68].

There are a number of studies in which different polyphenols are more abundant 
in horticultural crop landraces than in commercial cultivars. This could be because 



Landraces - Traditional Variety and Natural Breed

102

2.2 Mineral micronutrients

Mineral micronutrients are inorganic elements required in small quantities to 
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limit between small and big quantities that determine the inclusion of an element 
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cal mechanisms cause their transfer from the “nonessential” to the “essential” list. 
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ing on the author, is described as micronutrient or macronutrient as ranks in an 
intermediate position in terms of recommended daily allowances [51]. Regarding 
the second criteria, some minerals like boron (B) have been known to be essential 
for plant nutrition for a long time but it has not been until a few decades ago that its 
important effect on human nutrition was noted [52].

In plants, mineral micronutrients participate in different physiological processes 
of primary and secondary metabolism, like photosynthesis, electron transfer, 
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the severest cases [53].

In humans, more than 22 mineral elements (altogether micro- and macro-
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(Se) deficiencies are not a global issue, but they are common in some populations of 
developing countries, specifically in parts of China, India and Africa [51].

Many landraces of horticultural crops are reported to present higher contents 
of minerals and oligoelements than commercial varieties. In a study carried out 
with seeds of Turkish lentils (Lens culinaris Medik.), the average values of all the 
micro-minerals quantified (Cu, Fe, Mn, and Zn) were higher in the landraces than 
in the commercial cultivars, being Kahmar1 the richest in Zn and Cu, Diykub in 
Fe, and Kahmar2 in Mn [22]. Also in Turkey, higher contents of Zn and Se have 
been observed in common bean (Phaseoulus vulgaris L.) landraces than in modern 
varieties, especially in the landrace LR05 [59]. The Greek onion landrace Vatikiotiko 
[44] and a Greek garlic landrace [60] were both richer in Zn, Mn and Fe than 
well-established onion cultivars and hybrids commercialised in Greece and a garlic 
commercial cultivar used as control, respectively. In addition, the mineral content 
of the onion landrace was even higher than the suggested by USDA (United States 
Department of Agriculture) for raw onions as a standard reference, especially for 
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Fe. Results obtained in chickpea (Cicer arietinum L.) revealed that landraces from 
Kyrgyzstan presented higher average values for Fe, Mn, Cu and Zn compared with a 
breeding line [61]. In Andean landraces of pepino [33], in several eggplant landra-
ces from Spain and Cuba [62], and in landraces of mungbean [31], higher contents 
in Fe and Zn than in commercial and modern varieties have also been reported.

For cereal crops there are also several studies in which landraces are reported to 
be richer in mineral micronutrients than commercial varieties. Wheat is one of the 
most important cereal crops worldwide and there are many studies on wheat land-
races. The maximum contents in Fe, Cu, Zn, Mn, and Se were observed in wheat 
landraces from Canary Islands in comparison with the commercial cultivar ‘Vitrón’ 
[63]. Other authors [64] also reported landraces and old cultivars of wheat with 
a higher average concentration of B, Cu, Fe, and Zn, and of Cu, Fe, Zn, and Mn, 
respectively, than modern cultivars. Similarly, the average content in Fe, Zn, Mn, 
Cu, and strontium (Sr) in wheat grain was reported to be significantly higher in 12 
Sicilian landraces than in 3 modern cultivars [65]. Other study found seven Afghan 
wheat landraces with higher content in Fe than reference lines in three different 
locations [66]. In the case of rice, two Indian landraces showed a higher content in 
Zn in brown and even polished (considered a poor source of micronutrients) grains 
than the commercial variety ‘BPT 5204’ (‘Samba Mahsuri’), very appreciated for its 
high yield and quality [67].

3. Health-promoting phytochemicals

Plant-based foods are rich in different phytochemicals with health-promoting 
properties for the human body, in spite of not being essential nutrients. Polyphenols 
and carotenoids are the most important ones among these plant phytochemicals. 
Unlike micronutrients, their deficiencies in humans are not devastating, but their 
health benefits are very significant.

3.1 Polyphenols

Phenolic compounds (monophenols and polyphenols) are one of the most 
abundant and widely distributed groups of chemicals in plants, with more than 
8,000 structurally-different compounds currently identified [68]. Particularly, 
polyphenols are characterised by the presence of aromatic rings with one or more 
hydroxyl groups and, depending on the basic chemical structure, they are classified 
in at least 10 different types. However, there is a growing tendency to group them 
in 2 main categories: flavonoid (flavones, flavonols, flavanols, flavanones, isofla-
vones, and anthocyanins) and non-flavonoid (phenolic acids, stilbenes, lignans, 
xanthones, and tannins) compounds. In plants, polyphenols are involved, on one 
hand, in crucial biological processes, such as cell division, development, hormonal 
regulation, reproduction, photosynthesis, pigmentation and pollinator attraction, 
and, on the other hand, in protection mechanisms against oxidative damage due to 
radiation or biotic stress (pathogens), among other causes, thanks to their antioxi-
dant properties [69].

Polyphenols seems to be the main contributor to the total antioxidant activities 
of fruits, with flavonoids being the most abundant in human diets. The health-
promoting effects associated with phenolic compounds include the elimination of 
free radicals, as well as the prevention of chronic diseases, such as cancer, diabetes 
and cardiovascular and neurodegenerative diseases [68].

There are a number of studies in which different polyphenols are more abundant 
in horticultural crop landraces than in commercial cultivars. This could be because 
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some polyphenols contribute to the bitterness and astringency of the food, what 
could have been negatively selected in modern breeding programmes. Tomato is one 
of the most important crops worldwide and it is very rich in polyphenols. Several 
Italian and Spanish landraces have been reported to have higher contents of total 
phenolic compounds than the commercial varieties ‘Brigade’ and ‘Moneymaker’, 
with significant higher levels of the flavonoids quercetin-3-rutinoside, kaempferol-
O-rutinoside and kaempferol-O-glucoside in the case of the Spanish landraces 
[29, 70]. Nevertheless, polyphenols are abundant in many other crops. For example, 
different Spanish landraces of eggplant exhibited the highest average and individual 
contents of total phenolic compounds when compared with several commercial 
cultivars in two independent studies [41, 62]. Other study found higher levels of 
chlorogenic acid in three Italian landraces of carrots (Daucus carota L.) in compari-
son with a commercial cultivar used as reference [71]. Landraces of pepino from 
the Andean region also exhibited a higher average content of total phenolics than 
commercial cultivars [33]. Two rare Italian landraces of turnip showed similar 
concentration of total phenols between them, which was up to a 61% higher than in 
the commercial genotype also included in the study [45]. An Ecuadorian landrace of 
sweet potato showed the highest content in two particular anthocyanins (peonidin 
and cyaniding glucosides) when compared with several improved varieties [34]. 
Regarding phenolic acids and flavonoids, significant higher contents were observed 
in landraces of mungbean [9], garlic [43], and apple (Malus domestica Borkh.) [72], 
in comparison with improved lines and commercial varieties. Finally, in winery 
by-products from Majorcan landraces of grape (Vitis vinifera L.), the highest values 
of total anthocyanins, tannins, and total phenolic compounds were observed in the 
Escursac red landrace, with the commercial variety ‘Cabernet Sauvignon’ used as 
reference [73].

In the case of cereals, also some landraces have been reported to be richer in 
polyphenols than commercial cultivars. In extracts of wheat bread flour, the land-
race Biancola showed higher contents of flavonoids and total phenolic compounds 
than three modern cultivars, as well as higher reducing power and lipid peroxida-
tion inhibition levels [74]. Similarly, the landrace Gentil Rosso had a much higher 
amount of total, free, and bound polyphenols than three modern and five old 
cultivars [75]. In extracts of wheat grains, the highest contents of the 13 phenolic 
compounds identified were found in landraces when compared with commercial 
cultivars, especially in Tumminia SG3, Tripolino, Scavuzza, and Urria [76]. In 
maize (Zea mays L.), several Mexican landraces have been reported to have the 
highest content of phenylpropanoids in comparison with two commercial geno-
types, especially Sinaloa 35, which contained exceptionally high levels of diferulates 
[77]. Also in maize, the Italian landrace Rostato Rosso contained a higher concen-
tration of anthocyanins than an inbred line and a hybrid assayed [78]. Finally, in 
rice, traditional red-grained varieties of Sri Lanka exhibited significantly stronger 
antioxidant activity and higher total phenolic content in both, bran and grains, 
than light brown-grained newly improved varieties, with proanthocyanidins and 
phenolic acids among the most abundant phenolic compounds identified [50].

3.2 Carotenoids

Carotenoids are the second most abundant natural pigments, behind only chloro-
phyll, with more than 750 different structures known until now. They are synthesised 
by photosynthetic organisms (bacteria, algae and plants) and by some non-photo-
synthetic bacteria and fungi. They can be classified in two main groups: carotenes, 
composed of carbon and hydrogen atoms, such as α-carotene, β-carotene, and lyco-
pene, among others; and xanthophylls, that are oxygenated hydrocarbon derivatives, 
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like lutein, cryptoxanthin, violaxanthin, zeaxanthin, etc. [79]. Carotenoids play key 
roles in several biological processes in plants. Apart from some of them being vitamin 
A precursors (as mentioned above), they are also precursors of the plant hormones 
abscisic acid (ABA) and strigolactones (SLs), they are one of the most important 
attractants to pollinators thanks to their pigmentation and fragrances (provided 
by volatile carotenoids), and they also participate in development, photosynthesis, 
photomorphogenesis and photoprotection processes [26].

The antioxidant potential of carotenoids is very important in human health due 
to their ability to reduce and, sometimes, prevent the development of various ROS 
(reactive oxygen species)-mediated disorders, such as cardiovascular diseases, can-
cer and neurological and photosensitive pathologies [80]. As humans are not able 
to synthesise these compounds, it is interesting to find crops rich in carotenoids. 
Vitamin A precursors (α-carotene, β-carotene and β-cryptoxanthin) have been 
described previously, so they are not dealt with here. Lycopene is the carotenoid 
responsible for tomato’s red colour and it has been reported to be more abundant 
in two Spanish traditional varieties of tomato than in the commercial variety 
‘Baghera’ [42]. In addition, one of these traditional varieties showed the strongest 
antioxidant activity. In two other studies carried out in tomato, not only lycopene, 
but also lutein content were significantly higher in a Spanish landrace and in three 
Italian landraces, respectively, than in the commercial variety ‘Moneymaker’ 
[28, 29]. Higher levels of lutein were also found in three Italian landraces of carrot, 
especially in the Tiggiano Yellow-Purple landrace [71], and in the melon landrace 
Casca de Carvalho [30] in comparison with commercial varieties. Cereal grains are 
also rich in carotenoids, especially lutein and zeaxanthin [81]. In this sense, several 
landraces of wheat exhibited higher levels of both compounds than old cultivars 
used as reference [32]. Finally, higher contents of lutein were also found in kernels 
of some maize traditional varieties from Italy, especially in Storo, in comparison to 
the hybrid B73/MO17, used as control [82].

4. Applications

As we all know, malnutrition is a public health problem with global dimen-
sions. In 2019, almost 690 million people, 8.9% of the world population, were 
undernourished, mostly in developing countries. Beside this, about 2 billion peo-
ple in the world suffered moderate or severe food insecurity, i.e. they did not have 
regular access to safe, nutritious, and sufficient food that year [83]. Overweight 
is also a growing matter of concern. In addition, since Green Revolution, the 
main objective of crop improvement programmes has been yield increase, what 
has resulted in a nutrient decrease in foodstuffs, contributing to malnutrition. 
However, quality has started to receive higher priority and agriculture objectives 
are undergoing changes from yield gains to the production of nutrient-rich food 
crops in sufficient amounts.

A search for crop landraces and traditional varieties with an enhanced nutri-
tional value could be an interesting approach to combat nutrient deficiencies 
because, as seeing above, some of them are richer in micronutrients and health-
promoting phytochemicals. However, they do not always cover minimal nutrient 
requirements and they are usually adapted to local environmental conditions. 
Therefore, a more feasible measure could be developing nutritionally enhanced 
foods with an increased bioavailability of nutrients for the human population. 
These efforts are normally directed toward raising the levels of minerals, vitamins, 
amino acids, and antioxidant compounds, as well as improving fatty acid composi-
tion in the edible portion of crop plants [84]. Crops with a higher nutritional value 
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with significant higher levels of the flavonoids quercetin-3-rutinoside, kaempferol-
O-rutinoside and kaempferol-O-glucoside in the case of the Spanish landraces 
[29, 70]. Nevertheless, polyphenols are abundant in many other crops. For example, 
different Spanish landraces of eggplant exhibited the highest average and individual 
contents of total phenolic compounds when compared with several commercial 
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concentration of total phenols between them, which was up to a 61% higher than in 
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sweet potato showed the highest content in two particular anthocyanins (peonidin 
and cyaniding glucosides) when compared with several improved varieties [34]. 
Regarding phenolic acids and flavonoids, significant higher contents were observed 
in landraces of mungbean [9], garlic [43], and apple (Malus domestica Borkh.) [72], 
in comparison with improved lines and commercial varieties. Finally, in winery 
by-products from Majorcan landraces of grape (Vitis vinifera L.), the highest values 
of total anthocyanins, tannins, and total phenolic compounds were observed in the 
Escursac red landrace, with the commercial variety ‘Cabernet Sauvignon’ used as 
reference [73].

In the case of cereals, also some landraces have been reported to be richer in 
polyphenols than commercial cultivars. In extracts of wheat bread flour, the land-
race Biancola showed higher contents of flavonoids and total phenolic compounds 
than three modern cultivars, as well as higher reducing power and lipid peroxida-
tion inhibition levels [74]. Similarly, the landrace Gentil Rosso had a much higher 
amount of total, free, and bound polyphenols than three modern and five old 
cultivars [75]. In extracts of wheat grains, the highest contents of the 13 phenolic 
compounds identified were found in landraces when compared with commercial 
cultivars, especially in Tumminia SG3, Tripolino, Scavuzza, and Urria [76]. In 
maize (Zea mays L.), several Mexican landraces have been reported to have the 
highest content of phenylpropanoids in comparison with two commercial geno-
types, especially Sinaloa 35, which contained exceptionally high levels of diferulates 
[77]. Also in maize, the Italian landrace Rostato Rosso contained a higher concen-
tration of anthocyanins than an inbred line and a hybrid assayed [78]. Finally, in 
rice, traditional red-grained varieties of Sri Lanka exhibited significantly stronger 
antioxidant activity and higher total phenolic content in both, bran and grains, 
than light brown-grained newly improved varieties, with proanthocyanidins and 
phenolic acids among the most abundant phenolic compounds identified [50].

3.2 Carotenoids

Carotenoids are the second most abundant natural pigments, behind only chloro-
phyll, with more than 750 different structures known until now. They are synthesised 
by photosynthetic organisms (bacteria, algae and plants) and by some non-photo-
synthetic bacteria and fungi. They can be classified in two main groups: carotenes, 
composed of carbon and hydrogen atoms, such as α-carotene, β-carotene, and lyco-
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roles in several biological processes in plants. Apart from some of them being vitamin 
A precursors (as mentioned above), they are also precursors of the plant hormones 
abscisic acid (ABA) and strigolactones (SLs), they are one of the most important 
attractants to pollinators thanks to their pigmentation and fragrances (provided 
by volatile carotenoids), and they also participate in development, photosynthesis, 
photomorphogenesis and photoprotection processes [26].

The antioxidant potential of carotenoids is very important in human health due 
to their ability to reduce and, sometimes, prevent the development of various ROS 
(reactive oxygen species)-mediated disorders, such as cardiovascular diseases, can-
cer and neurological and photosensitive pathologies [80]. As humans are not able 
to synthesise these compounds, it is interesting to find crops rich in carotenoids. 
Vitamin A precursors (α-carotene, β-carotene and β-cryptoxanthin) have been 
described previously, so they are not dealt with here. Lycopene is the carotenoid 
responsible for tomato’s red colour and it has been reported to be more abundant 
in two Spanish traditional varieties of tomato than in the commercial variety 
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the hybrid B73/MO17, used as control [82].

4. Applications

As we all know, malnutrition is a public health problem with global dimen-
sions. In 2019, almost 690 million people, 8.9% of the world population, were 
undernourished, mostly in developing countries. Beside this, about 2 billion peo-
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has resulted in a nutrient decrease in foodstuffs, contributing to malnutrition. 
However, quality has started to receive higher priority and agriculture objectives 
are undergoing changes from yield gains to the production of nutrient-rich food 
crops in sufficient amounts.

A search for crop landraces and traditional varieties with an enhanced nutri-
tional value could be an interesting approach to combat nutrient deficiencies 
because, as seeing above, some of them are richer in micronutrients and health-
promoting phytochemicals. However, they do not always cover minimal nutrient 
requirements and they are usually adapted to local environmental conditions. 
Therefore, a more feasible measure could be developing nutritionally enhanced 
foods with an increased bioavailability of nutrients for the human population. 
These efforts are normally directed toward raising the levels of minerals, vitamins, 
amino acids, and antioxidant compounds, as well as improving fatty acid composi-
tion in the edible portion of crop plants [84]. Crops with a higher nutritional value 
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can be obtained by agronomic practices, conventional plant breeding, and modern 
biotechnological techniques.

4.1 Fortification

Fortification through agronomic practices or traditional fortification consists 
of the physical addition of micronutrients to the plants to improve their nutritional 
quality. It is generally achieved by using mineral fertilisers to increase their content, 
bioavailability and/or transport from the soil to the edible portion of the plant. 
Plant growth-promoting soil microorganisms can also be used [85]. This approach 
is simple and fast but requires regular applications in every crop season, what can 
increases costs, and also needs supervision in order not to reach toxicity levels, both 
in the environment and for humans.

One example of this approach is the Se fortification through foliar application in 
different wheat genotypes [86]. The greater Se accumulations were obtained in the 
grains of the landrace Timilia and the obsolete variety ‘Cappelli’ when compared 
with modern varieties, with an increase of up to 35-fold in mineral grain concen-
tration at the maximum Se application. In another study, fortification with I was 
carried out in the carrot landrace Carota di Polignano through foliar fertilisation in 
open field experiments and through both, foliar fertilisation and fertigation with 
nutrient solution, in greenhouse experiments [87]. In open field, the root content in 
I increased a 51% and a 194% with low and high levels of the fertiliser, respectively, 
when compared with untreated carrots, whereas in greenhouse, the I content 
increased a 9% and only with the fertigation.

4.2 Biofortification

Quite the opposite that the fortification, the biofortification consists of develop-
ing crops with a higher nutritional value per se, either through conventional breed-
ing or through genetic engineering, without the need of external micronutrient 
addition. That means that the plants are able to synthesise greater amounts of the 
particular micronutrients.

Biofortification is a one-time investment and offers a long-term and cost-
effective approach to prevent malnutrition: once a crop has been biofortified, no 
more costs, like adding fertilisers to the soil or fortificants to the processed food 
are needed. In addition, low-income countries could develop biofortified crops 
through traditional practices, so in theory, low cultivation and production costs are 
feasible [88]. Reducing the amount of fertilisers required to obtain a more nutri-
tious crop has also unarguable environmental benefits. Nevertheless, biofortifica-
tion is not the final solution but an additional tool to combat malnutrition.

4.2.1 Biofortification through conventional plant breeding

Biofortification through conventional plant breeding requires crosses between 
parent lines rich in nutrients and recipient lines that present desirable agronomic 
traits during several generations. This is a time-consuming method, though sustain-
able. However, this conventional biofortification relies on genetic variability, which 
is usually limited in commercial cultivar gene pools, especially of staple crops. 
Landraces and traditional varieties are an adequate alternative here, thanks to their 
wide genetic diversity. This approach has been applied to a wide variety of crops, 
especially since HarvestPlus Challenge Programme was launched in 2003 to develop 
biofortified staple food crops with enhanced essential micronutrients through plant 
conventional breeding [89].
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can be obtained by agronomic practices, conventional plant breeding, and modern 
biotechnological techniques.

4.1 Fortification

Fortification through agronomic practices or traditional fortification consists 
of the physical addition of micronutrients to the plants to improve their nutritional 
quality. It is generally achieved by using mineral fertilisers to increase their content, 
bioavailability and/or transport from the soil to the edible portion of the plant. 
Plant growth-promoting soil microorganisms can also be used [85]. This approach 
is simple and fast but requires regular applications in every crop season, what can 
increases costs, and also needs supervision in order not to reach toxicity levels, both 
in the environment and for humans.

One example of this approach is the Se fortification through foliar application in 
different wheat genotypes [86]. The greater Se accumulations were obtained in the 
grains of the landrace Timilia and the obsolete variety ‘Cappelli’ when compared 
with modern varieties, with an increase of up to 35-fold in mineral grain concen-
tration at the maximum Se application. In another study, fortification with I was 
carried out in the carrot landrace Carota di Polignano through foliar fertilisation in 
open field experiments and through both, foliar fertilisation and fertigation with 
nutrient solution, in greenhouse experiments [87]. In open field, the root content in 
I increased a 51% and a 194% with low and high levels of the fertiliser, respectively, 
when compared with untreated carrots, whereas in greenhouse, the I content 
increased a 9% and only with the fertigation.

4.2 Biofortification

Quite the opposite that the fortification, the biofortification consists of develop-
ing crops with a higher nutritional value per se, either through conventional breed-
ing or through genetic engineering, without the need of external micronutrient 
addition. That means that the plants are able to synthesise greater amounts of the 
particular micronutrients.

Biofortification is a one-time investment and offers a long-term and cost-
effective approach to prevent malnutrition: once a crop has been biofortified, no 
more costs, like adding fertilisers to the soil or fortificants to the processed food 
are needed. In addition, low-income countries could develop biofortified crops 
through traditional practices, so in theory, low cultivation and production costs are 
feasible [88]. Reducing the amount of fertilisers required to obtain a more nutri-
tious crop has also unarguable environmental benefits. Nevertheless, biofortifica-
tion is not the final solution but an additional tool to combat malnutrition.

4.2.1 Biofortification through conventional plant breeding

Biofortification through conventional plant breeding requires crosses between 
parent lines rich in nutrients and recipient lines that present desirable agronomic 
traits during several generations. This is a time-consuming method, though sustain-
able. However, this conventional biofortification relies on genetic variability, which 
is usually limited in commercial cultivar gene pools, especially of staple crops. 
Landraces and traditional varieties are an adequate alternative here, thanks to their 
wide genetic diversity. This approach has been applied to a wide variety of crops, 
especially since HarvestPlus Challenge Programme was launched in 2003 to develop 
biofortified staple food crops with enhanced essential micronutrients through plant 
conventional breeding [89].
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Nevertheless, there is not a large number of studies carried out in landraces 
(Table 1). For example, in the International Rice Research Institute (IRRI) 
programme, an improved line (IR68144-3B-2-2-3) with a high concentration 
of Fe in the grain was obtained through a cross between a high-yield variety 
(‘IR72’) and a traditional variety (Zawa Bonday) from India. This new variety 
was reported to have about 80% more Fe than the commercial variety ‘IR64’ [90]. 
Useful information have been collected about the Zn content of different mapping 
populations of rice including wild germplasm, landraces and varieties, as well as 
hybrids [91]. Using ‘IR64’ as one of the parents, the hybrid with the highest Zn 
content (26.9 mg/kg) resulted from a cross with the landrace Chittimuthyalu. A 
collection of 14 hybrids between different landraces of eggplant has also been 
characterised [62]. These hybrids exhibited a higher average content of phenolics, 
as well as Fe and Zn, than commercial varieties. Zn average concentration was 
also higher in the hybrids than in the landraces tested. A maize hybrid with a high 
carotenoid content has also been identified [92]. It is a single-cross hybrid devel-
oped from the landrace ITA0370005 and it is currently being used by an Italian 
beer brewer. The metabolite profile and the antioxidant activity of the tomato 
hybrid Torpedino di Fondi (TF), developed from the landrace San Marzano (SM), 
has been characterised in two ripening stages, pink and red, both considered ideal 
for fresh consumption. In comparison with SM, pink TF tomatoes exhibited the 
highest content of total polyphenols, tannins, and flavonoids besides the greatest 
antioxidant activity [93]. Within a breeding programme, the eggplant landrace 
Almagro, known to contain higher values of vitamin C and total phenolics than 
regular varieties, but also having higher prickle presence, was used as recurrent 
parent in a backcross, whereas three non-prickly eggplant accessions were used as 
donors of this desirable trait [94]. Finally, an improved pure line (H15) with the 
Almagro eggplant ideotype and reduced prickliness was developed.

4.2.2 Biofortification through modern biotechnological techniques

Biofortification can be tackled through the genetic transformation of crops to 
express desirable genes from a plant species, independently of their taxonomic 
status, or even from other type of organisms, in the plant of interest to increase their 
nutrient content and bioavailability. This approach overcomes the limitation of the 
availability of genetic variability, allows the transfer of several genes simultaneously, 
and makes possible to biofortify crops with particular nutrients that are not naturally 
produced by themselves. Biofortification through transgenesis implies large invest-
ment of time, resources and researching: it is necessary to identify and characterise 
gene functions previously, and then, use these genes to transform crops. However, 
once the crop has been biofortified, it becomes a cost-effective approach [96].

The cisgenesis is a very interesting alternative to the transgenesis. With this 
approach, only genetic material from either the same species, or close relatives that 
hybridise naturally with it, is introduced [97]. In this way, the pool of genes avail-
able is exactly the same than when classical breeding methods are used. Cisgenic 
crops are subject to the same regulation than transgenic crops, but the EFSA 
(European Food Safety Authority) have concluded that cisgenics pose similar risks 
than plants obtained by conventional breeding [98]. Furthermore, the consumer’s 
acceptance of cisgenics is greater than of transgenics [99].

Furthermore, the application of modern biotechnological techniques to landraces 
also allows the development of crops with higher yield, as it has been achieved recently 
[95]. The CRISPR-Cas9 technique was applied to the African rice landrace Kabre, con-
sidered a valuable resource, obtaining mutants with significantly improved seed yield 
and low lodging by disrupting genes known to control seed size and/or yield (Table 1).
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5. Conclusion

In spite of not having been widely used in fortification and biofortification, 
especially with modern biotechnological approaches, crop landraces and traditional 
varieties could be key to improve the nutritional quality of food crops, as they can 
provide the desired genetic variability without sexual incompatibility barriers to 
overcome. Hopefully, in the near future there could be less restrictive regulations 
about the use of these biotechnological tools in crop breeding.
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of Fe in the grain was obtained through a cross between a high-yield variety 
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Biofortification can be tackled through the genetic transformation of crops to 
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(European Food Safety Authority) have concluded that cisgenics pose similar risks 
than plants obtained by conventional breeding [98]. Furthermore, the consumer’s 
acceptance of cisgenics is greater than of transgenics [99].

Furthermore, the application of modern biotechnological techniques to landraces 
also allows the development of crops with higher yield, as it has been achieved recently 
[95]. The CRISPR-Cas9 technique was applied to the African rice landrace Kabre, con-
sidered a valuable resource, obtaining mutants with significantly improved seed yield 
and low lodging by disrupting genes known to control seed size and/or yield (Table 1).
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Abstract

Saline soil is one of the common environmental issues that negatively affects 
the soil quality of agricultural lands. It reduces the plant growth and productivity 
worldwide. Soil Salinity and sodicity affecting land about 1128 million hectares glob-
ally determined by recent researches. The most important salt-sensitive cereal crops 
in the world are Maize (Zea mays L.) For food security, its need of hour to securing 
attainable production of maize crop in the salt affected soils. To reduce negative 
impacts of saline soil on plant growth, sustainable approaches such as organic 
amendments like press mud and inorganic amendments like silicon can be applied. 
For increasing crop productivity, plant growth promoting rhizobacteria (PGPR) 
which are salt-tolerant in saline agriculture can also be applied. In this book chapter 
interactive effect of different organic and inorganic amendments and plant growth-
promoting rhizobacteria to reduce salinity stress on maize has been discussed.
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1. Introduction

In the Arid and semi-arid areas salt affected soil poses immense threats to the 
agriculture industry worldwide [1]. Researchers have reported that about 1128 
million ha of land is affected by salinity and sodicity globally [2]. Soil salinization 
at global level has caused food insecurity in several countries during last decade. In 
Pakistan approximately 6.8 million hectares of land is affected by salinity [3]. Saline 
soil is characterized by the presence of high level of sodium and its chlorides and sul-
phates [4]. Soil having 4 dS m−1 or more electrical conductivity of the saturation soil 
paste is considered as salt affected soil [5–7]. Due to high concentrations of Na+ and 
Cl− in the plant, Sodium chloride can reduce crop productivity by making the roots 
water uptake more difficult that can cause plant toxicity [8]. Research studies proved 
that approximately 20% of the world’s cultivated land is affected by salinity [9].

Due to inappropriate management of irrigation and drainage, soil salinity is 
gradually increasing in irrigated lands [10]. Global warming as an environmental 
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issue has greatly affected arid regions of the world that are at highest risk of soil 
salinization. Salt redistribution in the soil profile is due to climatic factor such as 
precipitation. Agricultural productivity is affected when salt is added by wind to 
coastal agricultural lands [11]. Soil Biodiversity and microbial activity is affected by 
the high salt concentration [12].

Under saline soil plant growth is negatively affected by osmotic effects and 
hormonal imbalance. It also causes nutritional disorder and specific ion toxicity 
[13]. The adverse effects of saline soil on plants include: (1) Osmotic potential is 
decreases due to excessive soluble salts in the soil solutions. It also causes physi-
ological drought by decreasing plants ability to absorb water (2) toxicity due to salt 
ions inside the plant cells. The Growth inhibition is caused by sodium and chloride 
ions as sodium ions are retained in the roots and stems and only chloride ions 
become concentrated in the shoot in some plants which is causing negative affects 
to the plants [14, 15]. (3) Secondary stresses which is mainly caused by osmotic 
and ionic pressure. It includes high concentration of toxic compounds such as ROS 
and nutrient imbalance in plants. Sodium ions compete with potassium ions under 
saline condition and causing reproductive disorders by calcium ions in the cell 
membrane [16, 17]. The maize (Zea mays L). is a major food crop in the world food. 
The productivity of maize crop is declined as it moderately salt-sensitive plant [18].

In this scenario, it is the need of time that agronomists and environmentalists 
should develop eco-friendly, cost effective and sustainable methods to reclaim 
saline soils [19]. Currently, various physico-chemical processes are in practice for 
the reclamation of saline soils. To some extent these methods are unsustainable and 
inefficient at high salt concentration [20]. The traditional breeding and biotechno-
logical methods for the production of salinity-tolerant crops is a time-consuming 
process. By using chemical neutralizers and sustainable approaches sustainable crop 
yield in saline soils must be secured. It can also be secured by using salt-tolerant 
varieties or amelioration methods.

For plant growth and development, microorganisms play an important role 
under different environmental conditions [21, 22]. For enhancing crop productivity 
in saline soil, the application of plant growth-promoting rhizobacteria has become 
sustainable approach [23, 24]. Inoculation with PGPR leads towards abiotic stress 
regulation which can cause systemic tolerance directly or indirectly [25]. Many 
PGPR have been applied for their positive role in improving plant-water relations 
and for ion homeostasis. It is also used for photosynthetic efficiency in plants 
under salt stress. Plants can effectively protect from many stresses by PGPR that 
produce IAA and ACC deaminase. IAA accumulation increase transcription of ACC 
synthase genes. It is resulted an increases ACC concentration that can lead to the 
production of ethylene. Excess ACC are broken by PGPR that produce ACC deami-
nase. It also decreases plant ethylene levels under harsh environmental conditions. 
It permits IAA to encourage the growth of the plants [26].

Bacteria secrete exopolysaccharides which can bind soil particles into aggregates. 
These are helpful in regulating soil structures. It also increases water holding as 
well as cation exchange capacity of soil [27]. An enclosed matrix of microcolonies is 
formed by EPS which provide protection against environmental changings. It also 
leads towards water as well as nutrient retention and epiphytic colonization [28]. 
The exopolysaccharide secretion by PGPR binds sodium ions and reduces its uptake 
in plants which is determined by researches studies [29].

In saline soil a diversity of salt-tolerant PGPR such as Azospirillum, Burkholderia, 
Rhizobium, Pseudomonas, Acetobacter and Bacillus have been applied. These are 
also tested for promoting plant growth under salt stress [30, 31]. Thus, it has been 
demonstrating by different researches that use of PGPR is a beneficial approach 
to increase plant performance in saline soil [32, 33]. The physiological drought is 
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caused by salt in soil environment which reduces the ability of plants to remove 
water. Many biotic and physical stresses on plants can be reduced by application of 
Si fertilizer which can change the negative effects of saline soil [34, 35]. By improv-
ing sodium ions and potassium ions homeostasis, silicon may increase salinity 
tolerance in plants. It also improves nutritional status and photosynthetic efficiency 
of plants under stress conditions [36–38]. Many laboratory and greenhouse experi-
ments have determined that under saline conditions, Si reduced the uptake of 
sodium ions and chloride ions [39, 40]. The use of organic matter increases the 
physico-chemical and biological properties of salt-affected soils [41]. Organic mat-
ter also plays an important role by improving roots to grow more uniformly. The soil 
CO2 concentration is increased by decaying organic matter. It also releases H+ and 
enhances CaCO3 dissolution. It can release more calcium for sodium exchange [42] 
Application of press mud is very effective in reclaiming saline sodic soils [43, 44].

2. Impacts of soil salinity

2.1 Impact of soil salinity on plant growth and development

Saline soil affects plant growth, development and process of photosynthesis. 
It also affects protein synthesis and lipid metabolism [45]. Osmotic stress reduces 
photosynthetic efficiency which is resulted in partial closure of stomata [46]. The 
nutrient imbalance and membrane destabilization are caused by soil salinity [47]. 
The cell growth and development are decreased in plants in responses to osmotic 
stress. It resulted in decreased leaf area and chlorophyll content [48].

The nutritional imbalances are also caused by decrease in the uptake of calcium 
ions and potassium ions in leaves and an increase in the uptake of sodium ions. In 
some cases, there is a requirement of low sodium ions and high potassium ions or 
calcium ions are required for optimum function, but increased sodium ions resulted 
in metabolic disturbances. Cell swelling in plants is caused by accumulation of 
sodium and chloride which can affect plant enzymes. It can also result in physiologi-
cal changes and reduced energy production [49]. The photosynthetic function is 
disturbed by nitrate reductase activity due to chloride ions [50]. There are competi-
tive interactions with nutrient ions for binding sites. It can also affect transfer of 
protein in root cells under excessive sodium and chloride ions in rhizosphere. It also 
affects processes like movement of material, deposition, and partitioning within 
plants [51]. Salts can increase in intercellular spaces resulted in cell dehydration 
[52]. Oxidative stress increases due to the accumulation of reactive oxygen species 
which has negative impact on cell membranes, proteins, enzymes, and nucleic acids 
[53] Both antioxidant enzymes and non-enzymatic antioxidants are produced by 
plants to protect against oxidative stress [54].

2.2 Impacts of soil salinity on rhizosphere microbial diversity

Microbial biomass is an important parameter as it functions as an agent trans-
formation and plays its role as the recycling of the organic matter by providing soil 
nutrients. In the first few centimeters of the soil surface, there are microbial biomass 
and organic matter. Microbiological activity is affected by the salinization process 
[55]. Microbial diversity, functions, and compositions are negatively affected by 
salinity [56]. Total bacteria and actinobacteria are reduced by a 5% increase in salinity. 
The attachment of Azospirillum brasilense to maize roots was observed to reduce due 
to salinity [57]. Due to increase salinity in the rhizosphere, the plant root secretion 
and organic matter decomposition by microorganisms are adversely affected [58].
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3.  Application of organic amendments to agricultural crops to mitigate 
salinity effects

3.1 Organic matter

There is an excess of salts in water which is used for irrigation purposes. It can 
reduce the crop yield due to its increased salt concentration [59]. Soil electrical con-
ductivity is being increased due to the continuous increase of salts in it [60]. Water 
which is used for irrigation having excess salts in it resulted in negative impacts on 
plant physiology, soil water plant relationships, and limits the production of crops 
[61]. By application of organic manure in soil, the toxicity of salts can be mini-
mized, and soil properties can be improved as cost-effective approaches [62].

There are agricultural practices that are used for the management of salt-
affected soil [63]. Addition of organic martial is beneficial as a fertilizer which 
can modify and improve the soil characteristic. For recovery of saline soil, organic 
amendments like organic manure and compost are being tested as efficient methods 
[64]. Application of organic matter for the reclamation of sandy soil is an effective 
method to improve the physical properties of soil [65]. Researchers determined that 
poultry manure, farmyard manure (FYM), crop residues as compost are being used 
for the addition of nutrients in the soil. It is beneficial for improving plants’ health. 
It can also modify physiochemical properties of plants [66]. Farmyard manure is the 
most commonly and easily available source of organic matter. There are different 
factors which can affect the efficiency of farmyard manure such as nature of feed 
consumed by the animal, type of animal and waste management methods [67].

3.2 Biochar

There are different long-term and short-term methods for reclamation of salt-
affected soil, but short-term management approaches are useful as a management 
strategy that are cost effective and high-income generating methods [68]. The bio-
char is an effective method for organic amendment of salt-affected soil that results in

• Soil physicochemical and biological properties are improved

• Stomatal conductance and phytohormones can be regulated

• Reduction in oxidative stress

• Increase in mineral nutrient uptake

• Effects on plant growth, photosynthesis and biomass

• Na ion toxicity in plants is reduced

4.  Application of inorganic amendments to agricultural crops to mitigate 
salinity effects

4.1 Exogenous application of sulfur

Salt affected soil has many salts in it and each salt has a differential contribu-
tion to salt stress. There are different salts such as Na2SO4, NaCl, Na2CO3, CaSO4, 
MgCl2, KCl but the most important of these is NaCl [69–73]. For the regulation 
of cell metabolism and hormone signaling pathway, Sulfur plays a very important 
role. For regulating seed germination its acts as a biochemical agent [74, 75]. For the 

121

Interactive Effect of Organic and Inorganic Amendments along with Plant Growth Promoting…
DOI: http://dx.doi.org/10.5772/intechopen.99063

synthesis of protein, chlorophyll, vitamins, and glutathione which are helpful to tol-
erate various stresses, sulfur plays a very important role [76]. Sulfur compounds are 
also present in many amino acids and their composition changes by the application 
of sulfur [77]. To improve plant growth by improving its cellular functions espe-
cially in saline soil, the addition of sulfur is beneficial [78]. Different approaches 
are being applied to mitigate the deleterious effects of salinity on health of plants. 
The exogenous application of inorganic salts and osmo-protectants are cost efficient 
approach to reduce the negative effects of salt stress on plant growth [79, 80].

4.2 Use of silicon nutrition to alleviate the salt stress in maize

In contrast to Na+ and Cl− toxicity, silicon (Si) has ameliorative features. It can 
help plants to grow on saline soil. For industrialized counties, it can prove cost-
effective. Under biotic stress, silicon can improve plant growth also reduces radia-
tion effects on it. It is helpful in reducing water loss up to 30% [81]. The exogenous 
application of Si for different salt-tolerant plant species has been reported [82, 83]. 
Under saline environment, Si uptake by plats increases root activity and inhibits 
transpiration. But in the plasma membrane, it increases the activity of ATPase and 
PPase. This can result in decrease in Na uptake and an increase in K uptake [84, 85].

4.2.1 Silicon-mediated mechanisms underlying increased crops tolerance to salinity

Si application can directly influence growth of plants by diminishing the transport 
of Na+ ions while indirectly activating physiological processes under saline conditions.

4.2.1.1 Reduced Na+ uptake by plant roots due to Si application

Due to high concentration of Cl− and Na+ and low concentration of K+ and Ca+2 
in the saline environment, Na+/K+ ratio vary in plants [84]. Due to elevated level of 
Na+ and overproduction of ROS, plant metabolism is being changed [85] Research 
studies demonstrated that Si can reduce ion toxicity which is resulted from the 
saline condition. It is also helpful in increasing K+ and decreasing Na+ uptake [86]. 
Thus, research studies determined that Si application resulted in reduced Na+ 
buildup in the roots [86]. Si as phytolith, accumulates different parts of plant bod-
ies. Si deposits underneath cell walls of roots to bind the Na+ and reduces Na+ toxic-
ity by decreasing the Na+ transport in upper regions and increasing the K+ uptake.

4.2.1.2 Stimulation of antioxidant defense system in crops

Under the saline conditions, studies have determined the enhanced production 
of antioxidant due to the application of Si [87]. Effects of Si on the antioxidants 
depend upon different factors like the severity of saline stress, time, plant species, 
and the concentration of Si. Thus, studies determined that application of Si can 
regulate antioxidant defense system by reducing salinity effects. This also resulted 
in decrease lipid peroxidation and regulate membrane integrity. It also can decrease 
permeability of plasma membrane. The research studies determine that non-Si-
treated and Si-treated plants show different responses under saline conditions. 
Application of Si plays a protective role to improve antioxidant activity.

5. Role of PGPRs in alleviation of salinity stress in maize crop

In the semi-arid environment, salinity pose negative effects on the growth and 
production of various crops. It also affects aggregate stability of soil. Soil structure 
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It can also modify physiochemical properties of plants [66]. Farmyard manure is the 
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MgCl2, KCl but the most important of these is NaCl [69–73]. For the regulation 
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synthesis of protein, chlorophyll, vitamins, and glutathione which are helpful to tol-
erate various stresses, sulfur plays a very important role [76]. Sulfur compounds are 
also present in many amino acids and their composition changes by the application 
of sulfur [77]. To improve plant growth by improving its cellular functions espe-
cially in saline soil, the addition of sulfur is beneficial [78]. Different approaches 
are being applied to mitigate the deleterious effects of salinity on health of plants. 
The exogenous application of inorganic salts and osmo-protectants are cost efficient 
approach to reduce the negative effects of salt stress on plant growth [79, 80].

4.2 Use of silicon nutrition to alleviate the salt stress in maize

In contrast to Na+ and Cl− toxicity, silicon (Si) has ameliorative features. It can 
help plants to grow on saline soil. For industrialized counties, it can prove cost-
effective. Under biotic stress, silicon can improve plant growth also reduces radia-
tion effects on it. It is helpful in reducing water loss up to 30% [81]. The exogenous 
application of Si for different salt-tolerant plant species has been reported [82, 83]. 
Under saline environment, Si uptake by plats increases root activity and inhibits 
transpiration. But in the plasma membrane, it increases the activity of ATPase and 
PPase. This can result in decrease in Na uptake and an increase in K uptake [84, 85].

4.2.1 Silicon-mediated mechanisms underlying increased crops tolerance to salinity

Si application can directly influence growth of plants by diminishing the transport 
of Na+ ions while indirectly activating physiological processes under saline conditions.

4.2.1.1 Reduced Na+ uptake by plant roots due to Si application

Due to high concentration of Cl− and Na+ and low concentration of K+ and Ca+2 
in the saline environment, Na+/K+ ratio vary in plants [84]. Due to elevated level of 
Na+ and overproduction of ROS, plant metabolism is being changed [85] Research 
studies demonstrated that Si can reduce ion toxicity which is resulted from the 
saline condition. It is also helpful in increasing K+ and decreasing Na+ uptake [86]. 
Thus, research studies determined that Si application resulted in reduced Na+ 
buildup in the roots [86]. Si as phytolith, accumulates different parts of plant bod-
ies. Si deposits underneath cell walls of roots to bind the Na+ and reduces Na+ toxic-
ity by decreasing the Na+ transport in upper regions and increasing the K+ uptake.

4.2.1.2 Stimulation of antioxidant defense system in crops

Under the saline conditions, studies have determined the enhanced production 
of antioxidant due to the application of Si [87]. Effects of Si on the antioxidants 
depend upon different factors like the severity of saline stress, time, plant species, 
and the concentration of Si. Thus, studies determined that application of Si can 
regulate antioxidant defense system by reducing salinity effects. This also resulted 
in decrease lipid peroxidation and regulate membrane integrity. It also can decrease 
permeability of plasma membrane. The research studies determine that non-Si-
treated and Si-treated plants show different responses under saline conditions. 
Application of Si plays a protective role to improve antioxidant activity.

5. Role of PGPRs in alleviation of salinity stress in maize crop

In the semi-arid environment, salinity pose negative effects on the growth and 
production of various crops. It also affects aggregate stability of soil. Soil structure 
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stability has important for improvement of soil properties. The soil microbial 
communities such as free-living or symbiotic organisms play an immense role to 
improve soil structure. It is proved that the activities which microbes performed to 
soil aggregate stability are very advantageous [88]. It can efficient solution for saline 
soil and make it fit for agricultural practices. PGPRs can help in inducing plant 
tolerance to various abiotic stresses including salt stress. In saline environments, 
PGPR-crop interactions improved the plant growth. It can also promote plant 
survival in adverse conditions [89]. PGPR promote the growth and development of 
plants by providing nitrogen, phytohormones soluble phosphates, and iron [90]. 
The plant is being protected against various soil-borne diseases, and it is known that 
most of these diseases are caused by pathogenic fungi [91].

5.1  Various attributes of PGPsRs in mitigating negative effects  
of salt stress in maize crop

5.1.1 Enhanced root proliferation and plant vigor

PGPRs can promote the growth of the plants by means of PGPRs which colonize 
the rhizosphere [92]. The co-inoculation of seeds of different PGPR species is a 
beneficial strategy to remediate salt-stressed soil. This approach has improved the 
plant tolerance towards abiotic stresses and the structure of root hairs.

5.1.2 Phytohormones produced by bacteria

The physiological response in plants is increased by phytohormones produced 
by microbes in root zone. Production of indoleacetic acid and gibberellins promote 
the root length. It also increases number of tips, surface area of roots and uptake 
of nutrients thus promoting the plant vigor exposed to saline conditions [93–96]. 
Indole acetic acid production is a common characteristic of PGPR. This bacterium is 
observed to reduce salinity stress in plants.

5.1.3 Role of PGPR as a sink for 1-aminocyclopropane-1-carboxylate (ACC)

Increase in ACC levels can result in higher ethylene production under saline 
environment. It can also increase plant injuries [97, 98]. Cobalt ions and amino 
ethoxy vinyle glycine as chemical inhibitors of ethylene synthesis is often used to 
control salinity problems. These chemicals are expensive and have harmful effects 
on the environment. PGPR play a role of sink for ACC which can be hydrolyzed to 
generate a-ketobutyrate and ammonia to reduce the ethylene production.

5.1.4 PGPR-mediated ion homeostasis

Plants inoculated with PGPR have showed high concentration of K+ which led to 
high Na+/K+ ratio and ultimately improved tolerance towards salt stress [99–101]. 
Salinity can damage the cell-membrane in plants which can enhance its perme-
ability and electrolyte leakage. In maize, Lower the electrolyte leakage has been 
determined the inoculation with Rhizobium [102–104].

5.1.5 Accumulation of osmolytes

The functioning of photosynthetic structures and maintaining water homeo-
stasis are essential for reducing salinity impact on plants. Excessive production of 
various compatible organic solutes (such as glycine betaine and proline) has been 
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observed as stress responses in plants [105]. Accumulation of proline is a physi-
ological response of plants to saline conditions [106]. It also maintains high leaf 
water potential and protects the plants from negative effects of oxidative stress. 
Researchers have determined that PGPRs contribute to accumulation of osmolytes 
to increase plant tolerance towards stress.

5.1.6 Antioxidative enzymes

Reactive oxygen species (ROS) damage the nucleic acids, proteins and lipids. 
Limited photosynthetic activity under salinity promotes the excessive production 
of ROS [107]. Antioxidants have been found to greatly reduce the oxidative dam-
age. Under saline conditions, the activities of the enzymatic antioxidants such as 
guaicol peroxidase, catalase and superoxide dismutase increased [108]. Researchers 
determined that the application of PGPR caused a significant increase in polyphe-
nol oxidase, superoxide dismutase and other enzymes involved in plant defense 
system. It also increases in enzymes such as peroxidase, phenyl alanine ammonia-
lyase, catalase, phenolics and lipoxygenase [109–111]. These PGPR-stimulated 
enzymes are playing important role in removing hydrogen peroxide from stressed 
roots [112].

5.1.7 Ameliorating effects of bacterial extracellular polymeric substances (EPS)

Researchers determined that inoculation with EPS-producing PGPR have sig-
nificantly increased the volume of soil macropores, rhizospheric soil aggregation, 
improved fertilizer as well as water availability. This approach can help plants to 
survive in salt-stressed soils. Different studies have shown positive effects of EPS-
producing PGPR on the rhizospheric soil aggregation [113]. As bacterial EPS can 
sequester the cations, there may be an opportunity to eliminate the salinity stress by 
increasing the EPS-producing PGPR strains [114].

5.1.8 Enhancement of plant nutrient uptake

It is obvious that PGPR can regulate the availability of plant nutrients. So, 
employing PGPR can cut down the use of chemical fertilizers. Various PGPR strains 
are involved in solubilizing the inorganic phosphate and mineralization of organic 
phosphate, thus providing nutrients to plants [115]. However, the former activity of 
PGPR is the key role of PGPR in providing nutrients to plants.

5.1.9 PGPR-mediated disease suppression

Many rhizobacteria are known to produce antifungal metabolites like phen-
azines, HCN, pyrrolnitrin, tensin, pyoluteorin, 2,4-diacetylphloroglucinol, and 
viscosinamide [116]. However, various PGPR strains can control the pathogen of 
plants grown under salt stress.

6. Interactive techniques to ameliorate salinity stress in maize

6.1 Silicon and PGPR to mitigate salt stress in maize

An environment-friendly and cost-effective approach for lessening salinity 
in crop plants is the co-application of silicon and PGPR [117]. Different studies 
have shown that by improving photosynthetic efficiency, and scavenging enzyme 
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stability has important for improvement of soil properties. The soil microbial 
communities such as free-living or symbiotic organisms play an immense role to 
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by microbes in root zone. Production of indoleacetic acid and gibberellins promote 
the root length. It also increases number of tips, surface area of roots and uptake 
of nutrients thus promoting the plant vigor exposed to saline conditions [93–96]. 
Indole acetic acid production is a common characteristic of PGPR. This bacterium is 
observed to reduce salinity stress in plants.

5.1.3 Role of PGPR as a sink for 1-aminocyclopropane-1-carboxylate (ACC)

Increase in ACC levels can result in higher ethylene production under saline 
environment. It can also increase plant injuries [97, 98]. Cobalt ions and amino 
ethoxy vinyle glycine as chemical inhibitors of ethylene synthesis is often used to 
control salinity problems. These chemicals are expensive and have harmful effects 
on the environment. PGPR play a role of sink for ACC which can be hydrolyzed to 
generate a-ketobutyrate and ammonia to reduce the ethylene production.
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Plants inoculated with PGPR have showed high concentration of K+ which led to 
high Na+/K+ ratio and ultimately improved tolerance towards salt stress [99–101]. 
Salinity can damage the cell-membrane in plants which can enhance its perme-
ability and electrolyte leakage. In maize, Lower the electrolyte leakage has been 
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5.1.5 Accumulation of osmolytes

The functioning of photosynthetic structures and maintaining water homeo-
stasis are essential for reducing salinity impact on plants. Excessive production of 
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observed as stress responses in plants [105]. Accumulation of proline is a physi-
ological response of plants to saline conditions [106]. It also maintains high leaf 
water potential and protects the plants from negative effects of oxidative stress. 
Researchers have determined that PGPRs contribute to accumulation of osmolytes 
to increase plant tolerance towards stress.

5.1.6 Antioxidative enzymes

Reactive oxygen species (ROS) damage the nucleic acids, proteins and lipids. 
Limited photosynthetic activity under salinity promotes the excessive production 
of ROS [107]. Antioxidants have been found to greatly reduce the oxidative dam-
age. Under saline conditions, the activities of the enzymatic antioxidants such as 
guaicol peroxidase, catalase and superoxide dismutase increased [108]. Researchers 
determined that the application of PGPR caused a significant increase in polyphe-
nol oxidase, superoxide dismutase and other enzymes involved in plant defense 
system. It also increases in enzymes such as peroxidase, phenyl alanine ammonia-
lyase, catalase, phenolics and lipoxygenase [109–111]. These PGPR-stimulated 
enzymes are playing important role in removing hydrogen peroxide from stressed 
roots [112].

5.1.7 Ameliorating effects of bacterial extracellular polymeric substances (EPS)

Researchers determined that inoculation with EPS-producing PGPR have sig-
nificantly increased the volume of soil macropores, rhizospheric soil aggregation, 
improved fertilizer as well as water availability. This approach can help plants to 
survive in salt-stressed soils. Different studies have shown positive effects of EPS-
producing PGPR on the rhizospheric soil aggregation [113]. As bacterial EPS can 
sequester the cations, there may be an opportunity to eliminate the salinity stress by 
increasing the EPS-producing PGPR strains [114].

5.1.8 Enhancement of plant nutrient uptake

It is obvious that PGPR can regulate the availability of plant nutrients. So, 
employing PGPR can cut down the use of chemical fertilizers. Various PGPR strains 
are involved in solubilizing the inorganic phosphate and mineralization of organic 
phosphate, thus providing nutrients to plants [115]. However, the former activity of 
PGPR is the key role of PGPR in providing nutrients to plants.

5.1.9 PGPR-mediated disease suppression

Many rhizobacteria are known to produce antifungal metabolites like phen-
azines, HCN, pyrrolnitrin, tensin, pyoluteorin, 2,4-diacetylphloroglucinol, and 
viscosinamide [116]. However, various PGPR strains can control the pathogen of 
plants grown under salt stress.

6. Interactive techniques to ameliorate salinity stress in maize

6.1 Silicon and PGPR to mitigate salt stress in maize

An environment-friendly and cost-effective approach for lessening salinity 
in crop plants is the co-application of silicon and PGPR [117]. Different studies 
have shown that by improving photosynthetic efficiency, and scavenging enzyme 
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activity soil salinity tolerance can be enhanced. It also determined that this 
approach can improve the plant tolerance towards salinity, ROS and Na+/K+ ratio 
[118]. PGPR promote the growth of plants via synthesis of phytohormones, exo-
polysaccharides, volatile organic compounds and different other mechanisms [118]. 
Recently, it has been found that both Si and PGPR can enhance plants tolerance to 
saline environment to improve growth and yield of plants [118].

6.2  Combined effects of biochar and plant growth-promoting bacterial 
endophytes on alleviating salt stress in maize

Employing the salt tolerant PGPR to enhance crop productivity has been a 
sustainable and efficient method [119–122]. Researchers have documented that 
PGPR produced the exopolysaccharide (EPSs) that prevent the uptake of Na + ions 
by sequestering these ions [123, 124]. Studies demonstrated that few PGPR have 
an important enzyme, ACC- deaminase, which can reduce ethylene production by 
metabolizing ACC into ammonia. ACC is the precursor of ethylene and a-ketobu-
tyrate [125–127]. Unlike PGPR, plant growth-promoting bacterial endophytes colo-
nize the internal tissues of plants without causing any harm to the plants [128]. It 
can lead to several physiological modifications that contribute to plant growth and 
development [129–131]. These, plant growth-promoting bacterial endophytes may 
promote plant growth by adopting the similar mechanisms as observed in PGPR 
[132]. Thus, it is proved that plant growth-promoting bacterial endophytes are 
more effective in promoting plant growth even under severe stresses as compared 
to PGPR. Different researchers have demonstrated that for reducing soil salinity 
addition of biochar along with endophytic bacteria is an efficient and environment 
friendly approach [133].

For enhancing crop growth and yield, use of biochar is cost effective and 
eco-friendly option to boost water and nutrient-holding capacity of soil [134–137]. 
Application of biochar has positive effects on physicochemical properties of soil. 
Moreover, Biochar can also improve a variety of soil microbes by providing them 
a favorable habitat and nourishment [138]. Thus, it is an excellent solution for 
recycling organic waste and solution to environmental pollution.

There are three important mechanisms underlying biochar-mediated reduction 
of salt stress in plants. These include:

a. High adsorption of Na+ on biochar resulting in reduced availability of Na+ in 
soil solution

b. Regulation of ions concentration in soil solution by liberating mineral nutrients

c. Dilution of soil solution via increasing available moisture contents of soil to 
reduce the osmotic stress [139].

7. Conclusion

Reclamation of saline soils is mainly achieved by employing various physico-
chemical processes. However, these processes are not sustainable and considered 
inefficient in the case of high salt concentration. PGPR contain a vital enzyme, 
1-aminocyclopropane-1-carboxylate deaminase that can decrease salinity induced 
ethylene production. Silicon and elemental sulfur can also be applied to reduce the 
negative effects of soil salinity on plants. The organic matter such as press mud usu-
ally contains about 70% lime, 15–20% organic matter and 23% sugar. This organic 
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Chapter 8

Utilization and Conservation of 
Landrace Chickens of Nigeria: 
Physical and Performance 
Characteristics, Issues and 
Concerns
Cosmas Chikezie Ogbu

Abstract

The Nigerian indigenous chickens (NICs) are a critical component of the global 
animal genetic resources. They are distributed in rural areas, kept by the majority of 
the rural poor. They constitute different strains, or ecotypes local to tribes, regions, 
or ecological zones and are valued for their disease resistance, adaptation, and yield 
of valuable products and income on marginal inputs making them a low risk spe-
cies. They are hence a unique and vital genetic resource and gene pool for present 
and long-term genetic improvement and human need for food and sustenance. 
The NIC is however; threatened by extinction owing to neglect, negative selection, 
breed substitution, and genetic introgression. There is need to draw research and 
policy attention to the conservation of NICs in accord with the global effort for the 
conservation of indigenous chickens which is probably the most neglected among 
farm animal species. The present review therefore, focuses on the physical and 
performance characteristics, genetic diversity and improvement, utilization and 
conservation of NIC genetic resources.

Keywords: indigenous chickens, ecotypes, chicken genetic resources,  
genetic diversity, ex situ conservation, in situ conservation

1. Introduction

Indigenous chicken biodiversity encompasses the genetic variants within and 
between native chickens distributed around the world [1]. They are domesticated 
but unselected and unimproved autochthonous populations characterized by tre-
mendous variation in physical, genetic, and productive attributes [2, 3] and known 
by various native names; and whose attributes are best described by farmers in their 
home communities. Native chicken population is vital in the livelihood of resource 
poor house-holds and marginal rural communities in Africa, providing nutrition, 
cash flow reserve, recreation and cultural roles [4]. In Nigeria, ICs makeup about 
80% of poultry population [5, 6]. The Nigerian indigenous chicken (NIC) is clas-
sified into three major phenotypes with regards to body weight. Dwarf, normal, 
and heavy types are generally distinguished [7] but more recent classifications 
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recognize two broad body weight categories namely light body weight, and heavy 
body weight [8]. Plumage or feather color (pigmentation) include black, brown, 
gray, ash, white, red, and mottled; various color combinations [9–12] and feather 
patterns. Feather distribution is predominantly complete but limited in some 
phenotypes such as naked neck, frizzle, and short flight feather types [7]. Feather 
structure is predominantly normal, and seldom frizzle and silky [7]. Comb type 
is mostly single but rose, pea, walnut, duplex, and crest phenotypes also occur in 
decreasing frequencies [13–15]. Ear lobe is mostly present but absent in some dwarf 
ecotypes and color is mostly red or white. Wattle color is red or white while shank 
and skin color is often white or yellow but could be grayish, ash, blackish or bluish 
[9, 12, 13]. Beak color could be white, yellow, brown, or black. Some of the major 
physical attributes reflect environmental adaptations such as large comb, limited 
feather distribution, and frizzle feather structure for enhanced heat dissipation and 
body temperature regulation [16].

The genetic background of body size, feather structure and distribution are 
body size genes (DW/dw), plumage distribution genes (Na/na), feather structure 
genes (F/f), and numerous plumage color and color pattern genes [6, 16–18]. 
Morphological, physical, and performance characteristics along with biochemi-
cal, and molecular markers have been employed for genetic diversity evaluation in 
ICs [19–21]. Results indicate that NICs are a unique and vital genetic resource and 
gene pool for present and future production and breeding imperatives. The NIC 
is however; threatened by extinction owing to under valuation and utilization, 
diseases, predation, negative selection, breed substitution and genetic dilution, 
necessitating urgent action by research and policy makers towards the conserva-
tion of native chickens which is probably the most neglected farm animal genetic 
resources [16, 22–24]. The present study aims to collate information on qualitative 
and quantitative trait characteristics and variation, genetic diversity and improve-
ment, and conservation issues and concerns of NICs, to draw attention to the extent 
of IC biodiversity and the need for action to improve the production, utilization, 
valuation and conservation of Nigerian’s landrace chickens.

2. Physical and qualitative attributes of Nigerian indigenous chickens

Physical and qualitative trait evaluation reflects the effects of genes, and the 
impact of the environment; and enhances the understanding of local adaptations, 
which impact performance [14, 25]. Natural selection as well as mutations could 
throw up unique phenotypes, genes, and genotypes that have special adaptation and 
utility in specific environments. Characterization of the physical and qualitative 
traits for local adaptations facilitates selection for traits that enhance fitness and 
performance [13, 14]. Variation in physical and qualitative traits of NICs is expected 
given the diverse agro ecological climates, centuries of migration and interbreeding, 
natural and man-made challenges including disease, predation, and negative selec-
tion to which ICs have been subjected [6, 7, 16, 26].

2.1  Plumage type, distribution, color, and color patterns in Nigerian  
indigenous chickens

Plumage type (smooth plumage and frizzle plumage) and plumage distribu-
tion (complete plumage and naked neck) are genetically determined. The genetic 
background of plumage type is the autosomal dominant frizzle (F) and recessive 
smooth (f) feathering genes while the genetic basis of feather distribution is the 
autosomal dominant naked neck (Na) and recessive complete feathering (na) 
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genes. Two forms of genetically determined melanin pigment (eumelanin and 
pheomelanin) define plumage color [27, 28] but the genetic background of plum-
age color in ICs is very complex. Generally, the e locus genes or alleles, secondary 
pattern genes, eumelanin enhancers or melanizers, eumelanin restrictors (generally 
called Columbian restrictors), eumelanin diluters or demelanizers, pheomelanin 
intensifiers or red enhancers, and pheomelanin diluters or gold diluters essentially 
determine plumage color and color pattern [29, 30].

The degree of expression of the e locus genes and secondary color/pattern genes 
determine the degree of melanization and hence deviation from ground color [28]. 
In the absence of pigmentation, plumage color is called silver which looks white. 
In wild type phenotype, the ground color is yellow to brown called gold and the 
presence of red enhancers boosts (intensifies) gold to a (dark) red color while pres-
ence of red diluters dilutes (tones) gold to a yellow, cream or lemon color [30]. The 
ground color can hence be silver, cream, yellow, gold, brown, or red, depending on 
the presence and dose of pheomelanin modifying genes [30].

The typical free range IC closely approximates the wild type (Red jungle fowl) 
plumage phenotype (most likely genotype) and is sexually dimorphic in plumage 
color; hens being more ground colored than roosters [30]. A significant deviation of 
today’s ICs from the classical phenotype is expected owing to centuries of migra-
tion, natural selection (including predation mostly directed at chickens having 
brightly colored plumage), negative selection to fulfill cultural and ritual roles, 
intensification of production and artificial selection by man (increasing expression 
of the ‘domesticated phenotype’) [31, 32], and interbreeding between phenotypes 
(also genotypes). Consequently, plumage color phenotypes reported for adult 
NICs range from full ground color to full black color. Findings however, vary by 
source of samples (on-farm vs. market samples), system of production (intensive 
vs. semi-intensive vs. extensive) due to differences in flock structure (male:female; 
adult:grower), and environmental effects on plumage genotype and phenotype 
[32]. In heavy ecotype (HE) ICs, [33] reported plumage color as white, white 
and black, gold and black, black, barred, brown, brown and black, gold, and gold 
and brown. Indigenous chickens assembled from local markets within Makurdi and 
environ in Benue State, Northcentral Nigeria revealed black, light brown, white, 
spotted, and mottled phenotypes at 32.22, 12.22, 7.78, 21.11 and 26.67%, respectively 
[9]. In 2420 mature ICs from 100 farm families in Dekina, Kogi State, Northcentral 
Nigeria [10] observed plumage colors of brown, brown and black, black, black with 
white, white, and brown with black and white at 41.75, 35.5, 10.25, 6.50, 2.75, and 
3.25%, respectively. Within Yoruba and Fulani ecotypes belonging to households 
in Ogbomosho, Oyo State, Southwestern Nigeria [11] observed plumage colors of 
white, black, brown, ash, red, and yellow in 15.07 and 20.6, 25.67 and 31.55, 9.34 
and 10.69, 9.42 and 6.52, 9.11 and 12.13, and 0.00 and 2.35%, for Yoruba and Fulani 
ecotypes, respectively. Whitish brown and multicolor plumages were observed in 
31.4 and 13.3%, and 0.00 and 2.87% of chickens, respectively. In 7091 ICs (2467 
males and 4624 females reared semi-intensively) from rural households in Gwer-
West, Benue State, Nigeria, [13] observed complete white, brown, and black; 
brown with black spotting, black with white spotting, and white with black spotting 
phenotypes in 15.55, 12.71, and 19.79; 12.89, 29.01, and 10.05%, respectively. In a 
population of Tiv and Fulani ICs reared intensively at Ekpehe in Makurdi Benue 
State, Nigeria, [14] reported nine plumage colors made up of three single or solid 
colors (brown, 11.54%, black, 3.85%, and light brown, 7.69%) and six color combi-
nations (silver with brown, 6.25%; mottled brown, 19.20%; mottled black, 11.54%; 
black with brown, 23.08%; mixed gray, 3.85%, and mottled white, 3.85%) in the Tiv 
chickens. Within the Fulani ecotype, brown, white, and black were the solid colors 
at frequencies of 17.31, 3.08, and 5.77%, respectively while mixed colors included 
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recognize two broad body weight categories namely light body weight, and heavy 
body weight [8]. Plumage or feather color (pigmentation) include black, brown, 
gray, ash, white, red, and mottled; various color combinations [9–12] and feather 
patterns. Feather distribution is predominantly complete but limited in some 
phenotypes such as naked neck, frizzle, and short flight feather types [7]. Feather 
structure is predominantly normal, and seldom frizzle and silky [7]. Comb type 
is mostly single but rose, pea, walnut, duplex, and crest phenotypes also occur in 
decreasing frequencies [13–15]. Ear lobe is mostly present but absent in some dwarf 
ecotypes and color is mostly red or white. Wattle color is red or white while shank 
and skin color is often white or yellow but could be grayish, ash, blackish or bluish 
[9, 12, 13]. Beak color could be white, yellow, brown, or black. Some of the major 
physical attributes reflect environmental adaptations such as large comb, limited 
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body temperature regulation [16].
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body size genes (DW/dw), plumage distribution genes (Na/na), feather structure 
genes (F/f), and numerous plumage color and color pattern genes [6, 16–18]. 
Morphological, physical, and performance characteristics along with biochemi-
cal, and molecular markers have been employed for genetic diversity evaluation in 
ICs [19–21]. Results indicate that NICs are a unique and vital genetic resource and 
gene pool for present and future production and breeding imperatives. The NIC 
is however; threatened by extinction owing to under valuation and utilization, 
diseases, predation, negative selection, breed substitution and genetic dilution, 
necessitating urgent action by research and policy makers towards the conserva-
tion of native chickens which is probably the most neglected farm animal genetic 
resources [16, 22–24]. The present study aims to collate information on qualitative 
and quantitative trait characteristics and variation, genetic diversity and improve-
ment, and conservation issues and concerns of NICs, to draw attention to the extent 
of IC biodiversity and the need for action to improve the production, utilization, 
valuation and conservation of Nigerian’s landrace chickens.

2. Physical and qualitative attributes of Nigerian indigenous chickens

Physical and qualitative trait evaluation reflects the effects of genes, and the 
impact of the environment; and enhances the understanding of local adaptations, 
which impact performance [14, 25]. Natural selection as well as mutations could 
throw up unique phenotypes, genes, and genotypes that have special adaptation and 
utility in specific environments. Characterization of the physical and qualitative 
traits for local adaptations facilitates selection for traits that enhance fitness and 
performance [13, 14]. Variation in physical and qualitative traits of NICs is expected 
given the diverse agro ecological climates, centuries of migration and interbreeding, 
natural and man-made challenges including disease, predation, and negative selec-
tion to which ICs have been subjected [6, 7, 16, 26].

2.1  Plumage type, distribution, color, and color patterns in Nigerian  
indigenous chickens

Plumage type (smooth plumage and frizzle plumage) and plumage distribu-
tion (complete plumage and naked neck) are genetically determined. The genetic 
background of plumage type is the autosomal dominant frizzle (F) and recessive 
smooth (f) feathering genes while the genetic basis of feather distribution is the 
autosomal dominant naked neck (Na) and recessive complete feathering (na) 
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genes. Two forms of genetically determined melanin pigment (eumelanin and 
pheomelanin) define plumage color [27, 28] but the genetic background of plum-
age color in ICs is very complex. Generally, the e locus genes or alleles, secondary 
pattern genes, eumelanin enhancers or melanizers, eumelanin restrictors (generally 
called Columbian restrictors), eumelanin diluters or demelanizers, pheomelanin 
intensifiers or red enhancers, and pheomelanin diluters or gold diluters essentially 
determine plumage color and color pattern [29, 30].

The degree of expression of the e locus genes and secondary color/pattern genes 
determine the degree of melanization and hence deviation from ground color [28]. 
In the absence of pigmentation, plumage color is called silver which looks white. 
In wild type phenotype, the ground color is yellow to brown called gold and the 
presence of red enhancers boosts (intensifies) gold to a (dark) red color while pres-
ence of red diluters dilutes (tones) gold to a yellow, cream or lemon color [30]. The 
ground color can hence be silver, cream, yellow, gold, brown, or red, depending on 
the presence and dose of pheomelanin modifying genes [30].

The typical free range IC closely approximates the wild type (Red jungle fowl) 
plumage phenotype (most likely genotype) and is sexually dimorphic in plumage 
color; hens being more ground colored than roosters [30]. A significant deviation of 
today’s ICs from the classical phenotype is expected owing to centuries of migra-
tion, natural selection (including predation mostly directed at chickens having 
brightly colored plumage), negative selection to fulfill cultural and ritual roles, 
intensification of production and artificial selection by man (increasing expression 
of the ‘domesticated phenotype’) [31, 32], and interbreeding between phenotypes 
(also genotypes). Consequently, plumage color phenotypes reported for adult 
NICs range from full ground color to full black color. Findings however, vary by 
source of samples (on-farm vs. market samples), system of production (intensive 
vs. semi-intensive vs. extensive) due to differences in flock structure (male:female; 
adult:grower), and environmental effects on plumage genotype and phenotype 
[32]. In heavy ecotype (HE) ICs, [33] reported plumage color as white, white 
and black, gold and black, black, barred, brown, brown and black, gold, and gold 
and brown. Indigenous chickens assembled from local markets within Makurdi and 
environ in Benue State, Northcentral Nigeria revealed black, light brown, white, 
spotted, and mottled phenotypes at 32.22, 12.22, 7.78, 21.11 and 26.67%, respectively 
[9]. In 2420 mature ICs from 100 farm families in Dekina, Kogi State, Northcentral 
Nigeria [10] observed plumage colors of brown, brown and black, black, black with 
white, white, and brown with black and white at 41.75, 35.5, 10.25, 6.50, 2.75, and 
3.25%, respectively. Within Yoruba and Fulani ecotypes belonging to households 
in Ogbomosho, Oyo State, Southwestern Nigeria [11] observed plumage colors of 
white, black, brown, ash, red, and yellow in 15.07 and 20.6, 25.67 and 31.55, 9.34 
and 10.69, 9.42 and 6.52, 9.11 and 12.13, and 0.00 and 2.35%, for Yoruba and Fulani 
ecotypes, respectively. Whitish brown and multicolor plumages were observed in 
31.4 and 13.3%, and 0.00 and 2.87% of chickens, respectively. In 7091 ICs (2467 
males and 4624 females reared semi-intensively) from rural households in Gwer-
West, Benue State, Nigeria, [13] observed complete white, brown, and black; 
brown with black spotting, black with white spotting, and white with black spotting 
phenotypes in 15.55, 12.71, and 19.79; 12.89, 29.01, and 10.05%, respectively. In a 
population of Tiv and Fulani ICs reared intensively at Ekpehe in Makurdi Benue 
State, Nigeria, [14] reported nine plumage colors made up of three single or solid 
colors (brown, 11.54%, black, 3.85%, and light brown, 7.69%) and six color combi-
nations (silver with brown, 6.25%; mottled brown, 19.20%; mottled black, 11.54%; 
black with brown, 23.08%; mixed gray, 3.85%, and mottled white, 3.85%) in the Tiv 
chickens. Within the Fulani ecotype, brown, white, and black were the solid colors 
at frequencies of 17.31, 3.08, and 5.77%, respectively while mixed colors included 
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dull brown (2.69%), mixed gray (5.77%), mixed black (13.46%), black and brown 
(17.37%), mottled brown (13.46%), mottled white (9.46%), and mottled black 
(11.53%). Daikwo et al. [12] observed five single plumage color phenotypes viz. 
black, white, brown, ash, and red at 39.43, 23.02, 15.47, 11.13, and 9.43%, respec-
tively and multicolored phenotypes (1.51%) in 1060 adult ICs from 208 households 
in Bekwara, Cross River State, Nigeria. In a recent survey of seven council wards, 
four villages/ward, 4 to 5 households/village, and 5 to 7 mature ICs/household, [15] 
observed six unicolored plumage phenotypes consisting of black, white, brown, 
gray, ash, and red; and a series of mixed colored plumage phenotypes viz. multi-
colored, black and white, gray and white, black and brown, reddish black, and ash 
with black. Of these single plumage colors and color mixtures, black, white and 
brown were predominant (36.23, 20.00, and 13.02%, respectively) while ash was 
the least frequent (0.57%). In a population of heavy ecotype (HE) ICs genetically 
improved for egg production and body weight at first egg by within ecotype selec-
tion for six generations, there was preponderance of pheomelanin-based feather 
colors and color combinations/patterns (white, yellow, gold, red, and brown) while 
in unimproved light ecotype (LE) ICs, eumelanine-based feather colors were more 
dominant (Table 1, Figure 1). The range of plumage colors and color combinations 
reported for the NICs indicate tremendous plumage color variation and diversity 
and results are similar to those of ICs from other countries in Africa [27, 34].

2.2 Distribution of comb type, beak, ear lobe, and wattle colors

Comb type in the NIC has been reported to include single, rose, pea, butter-
cup, walnut, and cushion varieties with single comb being the most predominant 
followed by rose, pea, buttercup, walnut and cushion in decreasing order. Daikwo 
et al. [10] observed single, pea, and rose combs with frequencies of 51.0, 28.0, and 
21.0%, respectively in ICs from Dekina in Kogi State, Northcentral Nigeria while 
Rotimi et al. [13] observed 88.49, 7.03, 3.90, 0.32%, and 0.26% for single, rose, 
pea, buttercup, and cushion combs, respectively in ICs from Gwer-West, Benue 
State, Nigeria. From 1,700 ICs (Fulani = 900, and Tiv = 800 ecotypes), three comb 
types: single (99.23%), rose (0.38%) and walnut (0.39%) in Fulani ecotype and 
two types: single (99.62%), and walnut (0.38%) in Tiv ecotype were reported [14]. 
From 1,060 adult ICs (444 males and 616 females) from Bekwara in Cross River 
State, South–south Nigeria, [12] reported three comb types: single (88.49%), rose 
(7.17%), and pea (4.34%). Data presented showed male to female ratio of 95.5:83.4, 
1.8:6.2, and 2.7:10.4% for single, pea, and rose combs, respectively. A similar study 
in the same area observed five comb types namely single (24.20%), pea (38.90%), 
rose (18.50%), double (13.70%), and walnut (4.70%) [15]. Four comb types (single, 
43.33%; pea, 23.33%; rose, 17.78%; and walnut, 15.36%) were reported in ICs from 
Markudi in Benue State, Northcentral Nigeria [9] while [11] observed single comb 
(94.27 and 80.44), rose (2.75 and 11.34), and pea (2.98 and 8.21%) for Yoruba and 
Fulani ecotypes, respectively in ICs from Ogbomosho in Oyo State, Southwestern 
Nigeria. Comb color did not vary within and between populations and sexes being 
100% red [11, 14]. Elsewhere in Africa [27] observed a preponderance of pea comb 
(range, 49–56%; overall, 53%) followed by rose comb (range, 12–22%, overall, 
16%) out of the five comb types (single, rose, pea, walnut, and duplex) present in 
five IC ecotypes or strains of Ethiopia. The authors reported higher percentage rose, 
and pea combs in females compared to males, while more males had duplex, single, 
and walnut combs compared to females.

Beak color in NICs was reported to include white, yellow, brown, black, ash, 
pink, and orange. White beak (41.16%), black (31.61%), and yellow (27.23%) 
were observed in IC population from Gwer-West in Benue State, Northcentral 
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Trait 1LE (No.) Freq. (%) 2HE (No.) Freq. (%)

Comb type Single 61 100.00 30 93.75

Rose 2 6.25

Comb color Red 46 75.41 32 100.00

Red and black 11 18.03

Black 4 6.56

Wattle color Red 39 63.93 32 100.00

Red-black 15 24.59

Pink 7 11.48

Beak color Black 25 40.98 1 3.13

Black and slate 14 22.95

Black and brown 1 1.64

Yellow 5 8.20 4 12.50

Yellowish brown 1 1.64

Brown 15 24.59 10 31.25

Ear lobe Present 51 83.61 32 100.00

Absent 10 16.39

Ear lobe color Red 32 62.75 16 50.00

Pink 19 37.25

White 8 25.00

White and red 8 25.00

Skin color Yellow

Yellowish white 34 55.74 4 12.50

Blackish (slate)

Ash-gray 25 40.98

White 2 3.28 28 87.50

Shank color Black/ash/gray 31 50.82 1 3.13

Yellow 16 26.23 10 31.25

White/slate 3 4.92

Yellowish-white (cream) 10 16.39 21 65.63

Plumage color 
(sex)

Black 16 (F) 26.23 1 (F) 3.13

Black and gold/yellow 2 (F) 3.28

Black and white 10 (F) 16.39 1 (F) 3.13

Gold, ash, black 1 (F) 1.64

Brown and gold 1 (F) 1.64 1 (F) 3.13

Gold, brown, black, ash 3 (F) 4.92 1 (F) 3.13

Red, gold, black 2 (M) 3.28 2 (M) 6.25

Red and white 1 (M) 3.13

Red, gold, white 8 (M) 25.00

White, gold, brown 1 (M) 3.13

White 3 (M) 9.38
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dull brown (2.69%), mixed gray (5.77%), mixed black (13.46%), black and brown 
(17.37%), mottled brown (13.46%), mottled white (9.46%), and mottled black 
(11.53%). Daikwo et al. [12] observed five single plumage color phenotypes viz. 
black, white, brown, ash, and red at 39.43, 23.02, 15.47, 11.13, and 9.43%, respec-
tively and multicolored phenotypes (1.51%) in 1060 adult ICs from 208 households 
in Bekwara, Cross River State, Nigeria. In a recent survey of seven council wards, 
four villages/ward, 4 to 5 households/village, and 5 to 7 mature ICs/household, [15] 
observed six unicolored plumage phenotypes consisting of black, white, brown, 
gray, ash, and red; and a series of mixed colored plumage phenotypes viz. multi-
colored, black and white, gray and white, black and brown, reddish black, and ash 
with black. Of these single plumage colors and color mixtures, black, white and 
brown were predominant (36.23, 20.00, and 13.02%, respectively) while ash was 
the least frequent (0.57%). In a population of heavy ecotype (HE) ICs genetically 
improved for egg production and body weight at first egg by within ecotype selec-
tion for six generations, there was preponderance of pheomelanin-based feather 
colors and color combinations/patterns (white, yellow, gold, red, and brown) while 
in unimproved light ecotype (LE) ICs, eumelanine-based feather colors were more 
dominant (Table 1, Figure 1). The range of plumage colors and color combinations 
reported for the NICs indicate tremendous plumage color variation and diversity 
and results are similar to those of ICs from other countries in Africa [27, 34].

2.2 Distribution of comb type, beak, ear lobe, and wattle colors

Comb type in the NIC has been reported to include single, rose, pea, butter-
cup, walnut, and cushion varieties with single comb being the most predominant 
followed by rose, pea, buttercup, walnut and cushion in decreasing order. Daikwo 
et al. [10] observed single, pea, and rose combs with frequencies of 51.0, 28.0, and 
21.0%, respectively in ICs from Dekina in Kogi State, Northcentral Nigeria while 
Rotimi et al. [13] observed 88.49, 7.03, 3.90, 0.32%, and 0.26% for single, rose, 
pea, buttercup, and cushion combs, respectively in ICs from Gwer-West, Benue 
State, Nigeria. From 1,700 ICs (Fulani = 900, and Tiv = 800 ecotypes), three comb 
types: single (99.23%), rose (0.38%) and walnut (0.39%) in Fulani ecotype and 
two types: single (99.62%), and walnut (0.38%) in Tiv ecotype were reported [14]. 
From 1,060 adult ICs (444 males and 616 females) from Bekwara in Cross River 
State, South–south Nigeria, [12] reported three comb types: single (88.49%), rose 
(7.17%), and pea (4.34%). Data presented showed male to female ratio of 95.5:83.4, 
1.8:6.2, and 2.7:10.4% for single, pea, and rose combs, respectively. A similar study 
in the same area observed five comb types namely single (24.20%), pea (38.90%), 
rose (18.50%), double (13.70%), and walnut (4.70%) [15]. Four comb types (single, 
43.33%; pea, 23.33%; rose, 17.78%; and walnut, 15.36%) were reported in ICs from 
Markudi in Benue State, Northcentral Nigeria [9] while [11] observed single comb 
(94.27 and 80.44), rose (2.75 and 11.34), and pea (2.98 and 8.21%) for Yoruba and 
Fulani ecotypes, respectively in ICs from Ogbomosho in Oyo State, Southwestern 
Nigeria. Comb color did not vary within and between populations and sexes being 
100% red [11, 14]. Elsewhere in Africa [27] observed a preponderance of pea comb 
(range, 49–56%; overall, 53%) followed by rose comb (range, 12–22%, overall, 
16%) out of the five comb types (single, rose, pea, walnut, and duplex) present in 
five IC ecotypes or strains of Ethiopia. The authors reported higher percentage rose, 
and pea combs in females compared to males, while more males had duplex, single, 
and walnut combs compared to females.

Beak color in NICs was reported to include white, yellow, brown, black, ash, 
pink, and orange. White beak (41.16%), black (31.61%), and yellow (27.23%) 
were observed in IC population from Gwer-West in Benue State, Northcentral 
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Trait 1LE (No.) Freq. (%) 2HE (No.) Freq. (%)

Comb type Single 61 100.00 30 93.75

Rose 2 6.25

Comb color Red 46 75.41 32 100.00

Red and black 11 18.03

Black 4 6.56

Wattle color Red 39 63.93 32 100.00

Red-black 15 24.59

Pink 7 11.48

Beak color Black 25 40.98 1 3.13

Black and slate 14 22.95

Black and brown 1 1.64
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Yellowish brown 1 1.64
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White 8 25.00

White and red 8 25.00

Skin color Yellow

Yellowish white 34 55.74 4 12.50

Blackish (slate)

Ash-gray 25 40.98

White 2 3.28 28 87.50

Shank color Black/ash/gray 31 50.82 1 3.13

Yellow 16 26.23 10 31.25

White/slate 3 4.92

Yellowish-white (cream) 10 16.39 21 65.63

Plumage color 
(sex)

Black 16 (F) 26.23 1 (F) 3.13

Black and gold/yellow 2 (F) 3.28

Black and white 10 (F) 16.39 1 (F) 3.13

Gold, ash, black 1 (F) 1.64

Brown and gold 1 (F) 1.64 1 (F) 3.13

Gold, brown, black, ash 3 (F) 4.92 1 (F) 3.13

Red, gold, black 2 (M) 3.28 2 (M) 6.25

Red and white 1 (M) 3.13

Red, gold, white 8 (M) 25.00

White, gold, brown 1 (M) 3.13

White 3 (M) 9.38
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Nigeria [13] while [14] observed mostly brown (44.23 and 43.90%), black (35.00 
and 36.50%), and white beak (20.74 and 19.60%) for Tiv and Fulani IC ecotypes, 
respectively. Yellow, brown, ash, white, pink, and orange colored beak were 
observed in ICs from Bekwara, Cross River State, Nigeria at 21.10, 11.10, 9.10, 
6.80, 1.90 and 1.10%, respectively [15]. In the study by [34], beak color was yellow 
(32.48%), white (33.73%), brown (26.30%), and black (7.75%).

White, red, brown, yellow, ash, and black were the range of ear lobe colors 
reported for NIC by several studies [9, 11, 13, 14] with white followed by red ear 
lobes being predominant (range: 52.00–79.37 and 20.63–45.00%, for white and red 
ear lobes, respectively) in the populations studied by [9, 11, 13] while [14] reported 
preponderance of brown and black ear lobes.

Wattle color was reported to be white and red by [13] with white wattle being the 
more frequent (68.02 vs. 31.98%). Reports describing wattle color are very scanty. 
Table 1 shows the comb, beak and wattle colors observed in improved HE and unim-
proved LE NICs while Figure 1 shows birds with some plumage color phenotypes.

2.3 Body, eye, and shank colors of Nigerian indigenous chickens

Three shank colors: yellow (18.89 and 27.23%), white (38.89 and 41.16%) and 
black (42.22 and 31.61%) were reported by [9, 13], respectively in ICs from Benue 
State (Northcentral Nigeria) while three shank colors: white (36.15%), green 
(12.69%), and black (51.15%), and two shank colors (white, 70.00% and black, 
30.00%) were reported in Tiv and Fulani ICs, respectively by [14]. The authors 
observed three eye colors namely yellow (50.77%), white (20.00%), and brown 
(29.23%) in Tiv ecotype and two colors in Fulani ecotype namely yellow and brown 
at 76.90 and 23.10%, respectively. All the birds (100%) had white skin. From ICs 
of Cross River State, [12] reported five eye colors (black, brown, dark red, orange, 
and pink), and two skin colors of white and yellow. Of the five eye colors, black 
was most frequent at 44.72% followed by brown (27.74%) while pink was the 
least frequent at 5.09%. White skin predominated over yellow skin in the sampled 
population (75.85 vs. 24.15%). Odah et al. [15] reported 10 shank colors in IC popu-
lation from the same state. These were yellow, black, white, greenish, milky, ash, 
dark-ash, pink, red, and light brown with yellow being the most frequent (31.90%) 
followed by black (19.60%), and white (18.50%) while red and light brown were 
the least frequent (0.40%, respectively). In this same population eye color were 
six namely black, light brown, dark brown, dark red, orange, and pink with black, 
light brown and dark brown predominating (44.72, 14.91 and 12.83%, respectively) 

Trait 1LE (No.) Freq. (%) 2HE (No.) Freq. (%)

White and gold 3 (M) 9.38

Brown and black 14 (F) 22.95 1 (F) 3.13

Brown 6 (F) 9.84 1 (F) 3.13

Brown and white spots 6 (F) 9.84 3 (F) 9.38

Gold, white, black 1 (M) 3.13

Mottled (brown, black, 
ash, white, gold)

1 (F) 3.13

White and brown 3 (F) 9.38
1LE: unselected light ecotype (bantam or dwarf) chickens; 
2HE: sixth generation heavy ecotype ICs

Table 1. 
Qualitative traits of light (LE) and heavy (HE) ecotype NICs.
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and the least frequent being pink (5.09%). In Dekina in Kogi State, Northcentral 
Nigeria, four shank colors were reported namely, black (13.75%), yellow (40.50%), 
black and yellow (37.25%), and white (8.50%) [10].

Figure 1. 
Plumage colors of some landrace chickens of Nigeria (unimproved and improved ecotypes). (A): Unimproved 
light ecotype (dwarf) ICs of various plumage and shank colors (females). (B): Unimproved light ecotype 
(dwarf) ICs of black plumage and mostly black shank color (females). (C): Heavy ecotype (HE) ICs (G0 
generation) subjected to selection for growth and egg production traits. (D): Predominantly brown 2nd 
generation HE ICs (females). (E): Predominantly black plumage 2nd generation HE ICs (females). (F): Black, 
browm, and white plumage female progeny of 6th generation HE ICs. (G): Predominantly white plumage male 
progeny of 6th generation HE ICs. (H): Red/gold and white plumage male progeny of 6th generation HE ICs.
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Nigeria [13] while [14] observed mostly brown (44.23 and 43.90%), black (35.00 
and 36.50%), and white beak (20.74 and 19.60%) for Tiv and Fulani IC ecotypes, 
respectively. Yellow, brown, ash, white, pink, and orange colored beak were 
observed in ICs from Bekwara, Cross River State, Nigeria at 21.10, 11.10, 9.10, 
6.80, 1.90 and 1.10%, respectively [15]. In the study by [34], beak color was yellow 
(32.48%), white (33.73%), brown (26.30%), and black (7.75%).

White, red, brown, yellow, ash, and black were the range of ear lobe colors 
reported for NIC by several studies [9, 11, 13, 14] with white followed by red ear 
lobes being predominant (range: 52.00–79.37 and 20.63–45.00%, for white and red 
ear lobes, respectively) in the populations studied by [9, 11, 13] while [14] reported 
preponderance of brown and black ear lobes.

Wattle color was reported to be white and red by [13] with white wattle being the 
more frequent (68.02 vs. 31.98%). Reports describing wattle color are very scanty. 
Table 1 shows the comb, beak and wattle colors observed in improved HE and unim-
proved LE NICs while Figure 1 shows birds with some plumage color phenotypes.

2.3 Body, eye, and shank colors of Nigerian indigenous chickens

Three shank colors: yellow (18.89 and 27.23%), white (38.89 and 41.16%) and 
black (42.22 and 31.61%) were reported by [9, 13], respectively in ICs from Benue 
State (Northcentral Nigeria) while three shank colors: white (36.15%), green 
(12.69%), and black (51.15%), and two shank colors (white, 70.00% and black, 
30.00%) were reported in Tiv and Fulani ICs, respectively by [14]. The authors 
observed three eye colors namely yellow (50.77%), white (20.00%), and brown 
(29.23%) in Tiv ecotype and two colors in Fulani ecotype namely yellow and brown 
at 76.90 and 23.10%, respectively. All the birds (100%) had white skin. From ICs 
of Cross River State, [12] reported five eye colors (black, brown, dark red, orange, 
and pink), and two skin colors of white and yellow. Of the five eye colors, black 
was most frequent at 44.72% followed by brown (27.74%) while pink was the 
least frequent at 5.09%. White skin predominated over yellow skin in the sampled 
population (75.85 vs. 24.15%). Odah et al. [15] reported 10 shank colors in IC popu-
lation from the same state. These were yellow, black, white, greenish, milky, ash, 
dark-ash, pink, red, and light brown with yellow being the most frequent (31.90%) 
followed by black (19.60%), and white (18.50%) while red and light brown were 
the least frequent (0.40%, respectively). In this same population eye color were 
six namely black, light brown, dark brown, dark red, orange, and pink with black, 
light brown and dark brown predominating (44.72, 14.91 and 12.83%, respectively) 

Trait 1LE (No.) Freq. (%) 2HE (No.) Freq. (%)

White and gold 3 (M) 9.38

Brown and black 14 (F) 22.95 1 (F) 3.13

Brown 6 (F) 9.84 1 (F) 3.13

Brown and white spots 6 (F) 9.84 3 (F) 9.38

Gold, white, black 1 (M) 3.13

Mottled (brown, black, 
ash, white, gold)

1 (F) 3.13

White and brown 3 (F) 9.38
1LE: unselected light ecotype (bantam or dwarf) chickens; 
2HE: sixth generation heavy ecotype ICs

Table 1. 
Qualitative traits of light (LE) and heavy (HE) ecotype NICs.
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and the least frequent being pink (5.09%). In Dekina in Kogi State, Northcentral 
Nigeria, four shank colors were reported namely, black (13.75%), yellow (40.50%), 
black and yellow (37.25%), and white (8.50%) [10].

Figure 1. 
Plumage colors of some landrace chickens of Nigeria (unimproved and improved ecotypes). (A): Unimproved 
light ecotype (dwarf) ICs of various plumage and shank colors (females). (B): Unimproved light ecotype 
(dwarf) ICs of black plumage and mostly black shank color (females). (C): Heavy ecotype (HE) ICs (G0 
generation) subjected to selection for growth and egg production traits. (D): Predominantly brown 2nd 
generation HE ICs (females). (E): Predominantly black plumage 2nd generation HE ICs (females). (F): Black, 
browm, and white plumage female progeny of 6th generation HE ICs. (G): Predominantly white plumage male 
progeny of 6th generation HE ICs. (H): Red/gold and white plumage male progeny of 6th generation HE ICs.
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3. Productive characteristics of Nigerian indigenous chickens

Body weight, and morphometric traits; egg production traits, semen quality, 
fertility, hatchability, and chick survival; feed intake and feed efficiency have been 
used to characterize NICs for productive potentials. Body weight, and morphomet-
ric evaluations quantify growth potential, and meat yield while Egg production, 
semen traits, fertility, hatchability, and chick survival evaluate laying and repro-
ductive capacities. These variables determine commercial value which, in addition 
to cultural and social utility, constitute conservation value.

3.1 Body weight, and linear body traits of Nigerian indigenous chickens

Early reports classified NICs based on location/tribal ecotypes. In southeast-
ern Nigeria, [35] identified three location ecotypes (Nsukka, Owerri, and Awgu 
ecotypes) while [36] identified two tribal ecotypes (Yoruba and Fulani ecotypes). 
Odubote [16] observed that none of the location or tribal ecotypes was unique 
in any of the attributes and that the only striking phenotypic difference between 
these ecotypes is in their mature body size. The author hence distinguished three 
types namely dwarf, normal size and heavy body (Fulani) types. A more recent 
classification advocated only two categories based on mature body weight namely, 
light body weight ecotype (light ecotype, LE) and heavy body weight ecotype 
(heavy ecotype, HE) [8]. The LE represents the chicken type from rainforest and 
derived savannah agro-ecological zones, whose mature body weight ranges from 
0.68–1.5 kg and includes dwarf and normal size types referred to as rain forest, 
swamp, or Yoruba chickens by some authors [6, 11, 17, 22] while the HE are those 
of the guinea savannah, Sahel savannah and some montane regions, whose mature 
body weight ranges from 0.90–2.5 kg referred to as Fulani, and Tiv chickens by 
some authors [11, 21].

The wide range of body weight within ecotypes reflect genotypic differences, 
differences in husbandry system, and level of input; body weight being generally 
lower in free range, scavenging system. Early studies reported mature (> 20 weeks) 
body weight range of 1.0 to 1.76 kg for extensive system [37, 38] and 768 to 1096 g at 
20 weeks of age for on-station populations [39–42]. More recently, a mean range of 
1.32 to 2.0 kg was reported for extensive system [10, 13, 15, 43] while for intensive 
system, 20 week body weight was reported as 771.11 and 765.94 g for LE parent and 
inbred projeny, respectively [44]; and 1.42, 1.39, and 1.30 kg for normal feather, 
naked neck, and frizzle ICs, respectively [45]. Momoh et al. [46] showed that HE 
and LE ICs differed significantly in body weight from hatch to 20 weeks of age 
(Table 2). Oleforuh-Okoleh et al. [52] reported higher body weight in normal feath-
ered ICs compared to naked neck chickens at 4 and 8 weeks of age (312.06 ± 7.71 
vs. 287.13 ± 6.17 g, and 931.72 ± 23.85 vs. 844.30 ± 21.84 g, respectively) but similar 
values at 12 and 16 weeks of age. Body length, chest girth, leg length, and shank 
circumference were also higher in normal feathered chickens at 4 weeks of age 
while chest girth, leg length, and shank length were higher at 8 weeks of age while 
[15] reported linear body values of 42.7 ± 0.03, 55.8 ± 0.21, 12.2 ± 0.04, 9.8 ± 0.02, 
25.0 ± 0.70, and 8.9 ± 0.50 cm for body circumference, body length, shank length, 
keel length, wing length, and neck length, respectively in ICs from Bekwara in 
Cross River State, South–south Nigeria. Sanusi and Oseni [53] evaluated Fulani 
ecotype chickens under intensive and pasture production systems and reported sig-
nificant effect of sex of chicken on body weight from 10 to 20 weeks of age as well 
as significant interaction effect of sex and production system on body weight. Males 
averaged 1343.43 ± 55.2 vs. 1295.57 ± 59.12 g while females averaged 938.66 ± 60.3 vs. 
1061.805 ± 59.9 g for intensive vs. pasture systems, respectively.
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3. Productive characteristics of Nigerian indigenous chickens

Body weight, and morphometric traits; egg production traits, semen quality, 
fertility, hatchability, and chick survival; feed intake and feed efficiency have been 
used to characterize NICs for productive potentials. Body weight, and morphomet-
ric evaluations quantify growth potential, and meat yield while Egg production, 
semen traits, fertility, hatchability, and chick survival evaluate laying and repro-
ductive capacities. These variables determine commercial value which, in addition 
to cultural and social utility, constitute conservation value.

3.1 Body weight, and linear body traits of Nigerian indigenous chickens

Early reports classified NICs based on location/tribal ecotypes. In southeast-
ern Nigeria, [35] identified three location ecotypes (Nsukka, Owerri, and Awgu 
ecotypes) while [36] identified two tribal ecotypes (Yoruba and Fulani ecotypes). 
Odubote [16] observed that none of the location or tribal ecotypes was unique 
in any of the attributes and that the only striking phenotypic difference between 
these ecotypes is in their mature body size. The author hence distinguished three 
types namely dwarf, normal size and heavy body (Fulani) types. A more recent 
classification advocated only two categories based on mature body weight namely, 
light body weight ecotype (light ecotype, LE) and heavy body weight ecotype 
(heavy ecotype, HE) [8]. The LE represents the chicken type from rainforest and 
derived savannah agro-ecological zones, whose mature body weight ranges from 
0.68–1.5 kg and includes dwarf and normal size types referred to as rain forest, 
swamp, or Yoruba chickens by some authors [6, 11, 17, 22] while the HE are those 
of the guinea savannah, Sahel savannah and some montane regions, whose mature 
body weight ranges from 0.90–2.5 kg referred to as Fulani, and Tiv chickens by 
some authors [11, 21].

The wide range of body weight within ecotypes reflect genotypic differences, 
differences in husbandry system, and level of input; body weight being generally 
lower in free range, scavenging system. Early studies reported mature (> 20 weeks) 
body weight range of 1.0 to 1.76 kg for extensive system [37, 38] and 768 to 1096 g at 
20 weeks of age for on-station populations [39–42]. More recently, a mean range of 
1.32 to 2.0 kg was reported for extensive system [10, 13, 15, 43] while for intensive 
system, 20 week body weight was reported as 771.11 and 765.94 g for LE parent and 
inbred projeny, respectively [44]; and 1.42, 1.39, and 1.30 kg for normal feather, 
naked neck, and frizzle ICs, respectively [45]. Momoh et al. [46] showed that HE 
and LE ICs differed significantly in body weight from hatch to 20 weeks of age 
(Table 2). Oleforuh-Okoleh et al. [52] reported higher body weight in normal feath-
ered ICs compared to naked neck chickens at 4 and 8 weeks of age (312.06 ± 7.71 
vs. 287.13 ± 6.17 g, and 931.72 ± 23.85 vs. 844.30 ± 21.84 g, respectively) but similar 
values at 12 and 16 weeks of age. Body length, chest girth, leg length, and shank 
circumference were also higher in normal feathered chickens at 4 weeks of age 
while chest girth, leg length, and shank length were higher at 8 weeks of age while 
[15] reported linear body values of 42.7 ± 0.03, 55.8 ± 0.21, 12.2 ± 0.04, 9.8 ± 0.02, 
25.0 ± 0.70, and 8.9 ± 0.50 cm for body circumference, body length, shank length, 
keel length, wing length, and neck length, respectively in ICs from Bekwara in 
Cross River State, South–south Nigeria. Sanusi and Oseni [53] evaluated Fulani 
ecotype chickens under intensive and pasture production systems and reported sig-
nificant effect of sex of chicken on body weight from 10 to 20 weeks of age as well 
as significant interaction effect of sex and production system on body weight. Males 
averaged 1343.43 ± 55.2 vs. 1295.57 ± 59.12 g while females averaged 938.66 ± 60.3 vs. 
1061.805 ± 59.9 g for intensive vs. pasture systems, respectively.
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3.2 Egg production, semen quality, fertility and hatchability potentials

Egg production of NICs is reported to be very low especially in traditional 
scavenging system. Egg production ranged from 22 to 80 eggs/hen/year [10, 15, 
47, 50, 51, 54], laid in 2 to 3 clutches of size 4 to 14 eggs [10, 38, 55–57] and of 
weight, 25 to 35 g [10, 15, 58]. Reasons for poor egg production include poor 
genetic potential, disease, poor nutrition, broodiness and rearing of chicks, and 
social behavior [6, 10, 15]. Hatchability values reported across zones, ecotypes, 
and populations ranged from 60 to 100% [10, 15, 51, 55–57]. For on-station popu-
lations, a range of 35 to 175 eggs laid in 90 to 500 days, and of mean weight 28.78 
to 43.9 g, was reported by various studies using deep litter or battery cage systems 
[35, 39, 59–64]. Age at first egg (AFE) ranged between 148.4 and 176.9 days (d) 
[60, 65]. More recently, [63] reported AFE of 156 to 159 d, and egg number 
and egg weight to 90 d of 34.04 ± 1.15 to 37.38 ± 2.21 eggs and 35.27 ± 0.31 to 
35.73 ± 0.59 g, respectively over three generations while [66] reported AFE, body 
weight at first egg (BWFE), egg production (EN), egg weight (EW), clutch size 
(CS), and pause length (PL) to range between 22 and 31 and 20 and 23 d, 1350 
and 1650 and 1300 and 1440 g, 78 and 174 and 58 and 128 eggs, 35.72 and 52.50 
and 35.36 and 50.61 g, 3 and 9 and 2 and 6 eggs, and 1 and 3 and 1 and 6 d, for 
Fulani and Yoruba ecotypes, respectively in Southwest Nigeria. Gwaza et al. [67] 
reported AFE of 199.72 ± 0.089 and 195.30 ± 0.104 d and BWFE of 1.486 ± 0.104 
and 1.186 ± 0.022 kg for Tiv and Fulani ICs, respectively. In the high rainforest 
zone of Nigeria, [17] observed no effect of genotype on fertility and embryo mor-
tality between normal feathered, frizzle and naked neck ICs but percent hatch-
ability was highest in normal feathered (86.36%). Fertility (range: 76.67–90.53), 
hatchability (range: 83.50–91.36), dead in shell (range: 8.23–9.46), and weak in 
shell (range: 0.32–1.32) did not differ significantly between naked neck, normal 
feathered, and frizzled ICs and an exotic broiler strain. For semen quality [68] 
reported higher mean ejaculate volume, sperm concentration, sperm motility, 
and vigor in local compared to exotic cocks at different collection frequencies and 
intervals. Omeje and Udeh [69] had shown that feed restriction adversely affected 
semen production in exotic than local cocks and that only the local cock yielded 
semen at once in four days feeding. Naked neck and normal feathered ICs had 
significantly higher sperm concentration and motility compared to Nera Black, 
White Leghorn, Giriraja, and an indigenous breed (FUNAAB Alpha) [70]. Ajayi 
et al. [71] showed that naked neck cocks had higher semen concentration than 
frizzle and normal feathered cocks (4.85 x 109 ± 0.03/ml vs. 3.26 x 109 ± 0.94 and 
3.33 x 109 ± 0.57/ml, respectively) and there was higher sperm motility in naked 
neck and frizzled chickens compared to normal feathered while normal feath-
ered and frizzled had higher semen volume compared to naked neck. Udeh et al. 
[72] studied the value of linear body measures to predict semen traits of local 
and exotic cocks and reported higher semen volume in local compared to exotic 
cocks, and positive correlation between wing length and percent live sperm in 
local chickens while beak length, sperm concentration, and motility; comb length 
and sperm concentration; and shank length and sperm motility were positively 
correlated in exotic cocks. Oke and Ihemeson [45] had observed no effect of 
genotype on total reproductive organ weight in normal feathered, frizzle and 
naked neck ICs (14.1, 11.2, and 11.6 g, respectively) but higher (p ≤ 0.05) testis 
weight, semen volume, sperm concentration and motility in normal feathered 
(11.7 g, 0.25 ± 0.02 ml, 270 x 109 ± 5.99/ml, and 77%, respectively) and naked 
neck (10.1 g, 0.24 ± 0.02 ml, 250 x109 ± 6.00/ml and 65.8%, respectively) chickens 
compared to the frizzled genotype (7.07 g, 0.15 ± 0.03 ml, 198 x 109 ± 11.5/ml and 
52.5%, respectively).
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scavenging system. Egg production ranged from 22 to 80 eggs/hen/year [10, 15, 
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weight, 25 to 35 g [10, 15, 58]. Reasons for poor egg production include poor 
genetic potential, disease, poor nutrition, broodiness and rearing of chicks, and 
social behavior [6, 10, 15]. Hatchability values reported across zones, ecotypes, 
and populations ranged from 60 to 100% [10, 15, 51, 55–57]. For on-station popu-
lations, a range of 35 to 175 eggs laid in 90 to 500 days, and of mean weight 28.78 
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35.73 ± 0.59 g, respectively over three generations while [66] reported AFE, body 
weight at first egg (BWFE), egg production (EN), egg weight (EW), clutch size 
(CS), and pause length (PL) to range between 22 and 31 and 20 and 23 d, 1350 
and 1650 and 1300 and 1440 g, 78 and 174 and 58 and 128 eggs, 35.72 and 52.50 
and 35.36 and 50.61 g, 3 and 9 and 2 and 6 eggs, and 1 and 3 and 1 and 6 d, for 
Fulani and Yoruba ecotypes, respectively in Southwest Nigeria. Gwaza et al. [67] 
reported AFE of 199.72 ± 0.089 and 195.30 ± 0.104 d and BWFE of 1.486 ± 0.104 
and 1.186 ± 0.022 kg for Tiv and Fulani ICs, respectively. In the high rainforest 
zone of Nigeria, [17] observed no effect of genotype on fertility and embryo mor-
tality between normal feathered, frizzle and naked neck ICs but percent hatch-
ability was highest in normal feathered (86.36%). Fertility (range: 76.67–90.53), 
hatchability (range: 83.50–91.36), dead in shell (range: 8.23–9.46), and weak in 
shell (range: 0.32–1.32) did not differ significantly between naked neck, normal 
feathered, and frizzled ICs and an exotic broiler strain. For semen quality [68] 
reported higher mean ejaculate volume, sperm concentration, sperm motility, 
and vigor in local compared to exotic cocks at different collection frequencies and 
intervals. Omeje and Udeh [69] had shown that feed restriction adversely affected 
semen production in exotic than local cocks and that only the local cock yielded 
semen at once in four days feeding. Naked neck and normal feathered ICs had 
significantly higher sperm concentration and motility compared to Nera Black, 
White Leghorn, Giriraja, and an indigenous breed (FUNAAB Alpha) [70]. Ajayi 
et al. [71] showed that naked neck cocks had higher semen concentration than 
frizzle and normal feathered cocks (4.85 x 109 ± 0.03/ml vs. 3.26 x 109 ± 0.94 and 
3.33 x 109 ± 0.57/ml, respectively) and there was higher sperm motility in naked 
neck and frizzled chickens compared to normal feathered while normal feath-
ered and frizzled had higher semen volume compared to naked neck. Udeh et al. 
[72] studied the value of linear body measures to predict semen traits of local 
and exotic cocks and reported higher semen volume in local compared to exotic 
cocks, and positive correlation between wing length and percent live sperm in 
local chickens while beak length, sperm concentration, and motility; comb length 
and sperm concentration; and shank length and sperm motility were positively 
correlated in exotic cocks. Oke and Ihemeson [45] had observed no effect of 
genotype on total reproductive organ weight in normal feathered, frizzle and 
naked neck ICs (14.1, 11.2, and 11.6 g, respectively) but higher (p ≤ 0.05) testis 
weight, semen volume, sperm concentration and motility in normal feathered 
(11.7 g, 0.25 ± 0.02 ml, 270 x 109 ± 5.99/ml, and 77%, respectively) and naked 
neck (10.1 g, 0.24 ± 0.02 ml, 250 x109 ± 6.00/ml and 65.8%, respectively) chickens 
compared to the frizzled genotype (7.07 g, 0.15 ± 0.03 ml, 198 x 109 ± 11.5/ml and 
52.5%, respectively).
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4.  Genetic improvement of productivity of Nigerian indigenous 
chickens

Genetic improvement of NICs in growth traits, egg production, fertility and 
hatchability has been the objective of numerous studies. These studies involve 
crossbreeding between ecotypes, and genotypes; ICs with exotic breeds/strains; and 
selection within ecotypes.

4.1  Crossbreeding between Nigerian indigenous chicken ecotypes,  
and genotypes

The extensive genetic diversity between IC ecotypes as well as within and 
between population variations in productive traits provide opportunity for 
improvement of performance through within and between population selective 
breeding. Ogbu and Omeje [26] reported high within population variation in 
growth traits in NICs which could be exploited for genetic improvement while 
[73] recorded improved growth performance following positive assortative mat-
ing in NIC populations. Egahi et al. [48] evaluated the effect of crossbreeding 
between NIC genotypes and reported the body weight of progenies of crosses 
between normal feathered, frizzle, and naked neck ICs to range from 25.48 ± 0.40 
to 28.95 ± 0.45 g for hatch weight, 80.91 ± 0.87 to 91.87 ± 0.78 g, 257.16 ± 3.01 to 
283.50 ± 2.41 g, 500.53 ± 7.11 to 639.49 ± 7.94 g, 734.41 ± 7.38 to 842.29 ± 5.88 g, and 
1017.63 ± 10.79 to 1121.78 ± 9.94 g, for 4, 8, 12, 16, and 20 weeks of age, respectively 
(Table 2) while [67] observed significant effect of sire, dam, and ecotype on AFE 
and BWFE of Fulani and Tiv ICs and positive genetic correlations between AFE, 
BWFE, and EW; and EW, egg length (EL), and egg diameter (ED). Additive 
genetic heritability (h2) of AFE, BWFE, EW, EL, and ED for Fulani and Tiv ICs 
were 0.358 and 0.438, 0.420 and 0.398, 0.482 and 0.642, 0.182 and 0.000, and 
0.051 and 0.309, respectively. For egg production pattern (clutch size, clutch 
number, pause number, and pause length), h2 values were 0.358, 0.412, 0.045, and 
0.036, respectively in Fulani chickens and 0.428, 0.391, 0.063, and 0.048, respec-
tively in Tiv chickens [74]. High positive genetic correlations (range: 0.78 to 0.88) 
were reported between BWFE and AFE, BWFE and EW, EW and EL, and EW and 
ED. Agu et al. [75] reported significant effect of sire on AFE, weight of first egg 
(WFE), egg production (EN), egg mass (EM), egg weight (EW), thigh length, 
back width, and neck length in HE ICs of Southeastern Nigeria. Heritability values 
for EW, EN, and EM was 0.31 ± 0.30, 0.16 ± 0.13, and 0.28 ± 0.24, respectively and 
ranged from 0.13 ± 0.23 to 0.52 ± 0.24 from 4 to 20 weeks of age for thigh length, 
0.23 ± 0.23 to 0.41 ± 0.29 for back width, and 0.10 ± 0.18 to 0.52 ± 0.44 for neck 
length. Momoh et al. [46] showed that main (HE x LE) and reciprocal (LE x HE) 
crossbred progenies were similar in body weight to the HE chickens but superior 
to the LE chickens. Momoh and Nwosu [76] evaluated the genetic parameters of 
body weight (BW), body weight gain (BWG), and feed conversion ratio (FCR) in 
HE, LE, HE x LE, and LE x HE populations and reported h2 values of 0.17 ± 0.19, 
0.08 ± 0.10, and 0.19 ± 0.22 for BW at hatch, respectively. The corresponding 
values for BW from week 4 to week 20 of age ranged from 0.16 ± 0.18 to 0.43 ± 0.26, 
0.16 ± 0.13 to 0.25 ± 0.17, and 0.20 ± 0.21 to 0.36 ± 0.28, respectively. For daily 
gain from 4 to 20 weeks, 0.03 ± 0.11 to 0.12 ± 0.14, 0.21 ± 0.15 to 0.89 ± 0.50, 
and 0.10 ± 0.16 to 0.80 ± 0.14, respectively were reported while 0.13 ± 0.16 to 
0.41 ± 0.25, 0.10 ± 0.10 to 0.46 ± 0.24, and 0.11 ± 0.16 to 0.24 ± 0.23, respectively 
were reported for FCR.
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4.2  Crossbreeding of Nigerian indigenous chicken ecotypes, and genotypes  
with exotic breeds

Crossbreeding NICs with exotic breeds/strains is advocated to exploit the high 
genetic distance and variation between ICs and exotic strains believed to enhance 
hybrid vigor, heterosis, and breed complementarity. Omeje and Nwosu [58] evalu-
ated progenies of crosses between NIC (LC) and Gold link (GL, an exotic breed) 
and reported reduced age at first egg (AFE) in LC x GL progenies compared to 
LC, GL, and GL x LC (155.4 ± 1.49 vs. 157.8 ± 3.21, 169.2 ± 1.65, and 169.7 ± 3.74 d, 
respectively). Authors also reported superior egg weight for GL, GL x LC, and LC 
x GL compared to LC (53.44, 47.74, and 47.02 vs. 38.63 g, respectively). The cor-
responding values for egg mass was 12.12, 10.18, and 8.89 vs. 5.64 kg, respectively. 
An improvement in annual egg production from 146 eggs/hen for LC to 213 eggs/
hen for GL x LC was reported by [77]. Fewer but longer pauses and shorter but 
more pauses were observed in LC and LC x GL; and GL and GL x LC, respectively. 
It was also observed that hybrids of crosses involving LC, Yaffa (Y) and GL exotic 
chickens [LC(Y x GL), GL (Y x LC), and Y x GL] were superior to LC in egg weight 
(51.91, 52.07, and 54.22 vs. 40.36 g, respectively), and egg mass (5.40, 5.37, and 6.10 
vs. 3.32 kg, respectively) [78] while [79] reported superior body weights for GL, GL 
x LC, and [GL(GL x LC)] in growth and egg production compared to LC attributed 
to dominance, epistasis, and/or maternal effects. Oluyemi [80] reported heterosis 
of 12 week body weight in progenies of LC x White Rock and LC x Rhode Island 
Red (RIR) to range from 4.0 to 12.4% while significant improvement in BWFE, 
WFE, ASM, egg production (EN90) and egg weight (EW90) to 90 d was observed 
in LC x RIR males backcrossed to RIR dams [81]. Ukpong [82] observed improved 
meat yield in crosses of LC x Abor acre (AA) broiler chickens relative to LC while 
[49] reported improved growth performance and feed conversion in F2 (main and 
reciprocal backcross groups) compared to F1 counterparts in crosses of Abor Acre 
broiler breeder and native chicken genotypes (Table 2). Nwachukwu et al. [18] had 
shown that main crossbred progenies of AA x LC genotypes were inferior in body 
weight at first egg to their reciprocal crossbred counterparts (960.00, 812.50 and 
1030.00 vs. 1891.67, 1576.50 and 2072.00 g, respectively). The latter group also had 
higher values for WFE, EN90, egg length, yolk index, albumen weight, and Haugh 
unit and crosses involving the frizzle genotype were superior to crosses involving 
other IC genotypes. Adeleke et al. [83] crossed complete feathered, frizzle and 
naked neck ICs to Anak titan (AT) broilers and reported significant effect of sire, 
dam, and progeny genotype on growth traits. Anak titan sire significantly improved 
8 to 20 week body weight compared to IC sires. Significant sire genotype effect on 
fertility and percent dead in shell was also reported in IC genotypes crossed to AT 
[84]. Frizzled sire had highest fertility (90.5%) and produced eggs with highest 
hatchability (91.4%) and least embryo mortality (7.5%) while AT dams produced 
eggs with highest fertility and hatchability (88.2 and 94.6%, respectively). Main 
and reciprocal crosses involving the frizzle genotype were also better in the traits 
studied [84]. Ayorinde et al. [85] observed superior body weight in Fulani ecotype 
X Dominant black (FE x DB) progenies compared to FE, DB, and DB x FE at 
21 weeks of age (1408.50 ± 3.5 vs. 1350.60 ± 4.5, 1388.60 ± 3.2, and 1375.00 ± 3.2 g, 
respectively). All crossbred genotypes were superior in early (0 to 13 weeks) body 
weight to FE. Udeh and Omeje [86] reported heterosis of body weight in native and 
exotic inbred chicken crosses with native X exotic being higher than exotic X native, 
and native backcrosses being higher than exotic backcrosses. The authors concluded 
that body weight heterosis resulted from complete dominance in native backcrosses 
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4.  Genetic improvement of productivity of Nigerian indigenous 
chickens

Genetic improvement of NICs in growth traits, egg production, fertility and 
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ing in NIC populations. Egahi et al. [48] evaluated the effect of crossbreeding 
between NIC genotypes and reported the body weight of progenies of crosses 
between normal feathered, frizzle, and naked neck ICs to range from 25.48 ± 0.40 
to 28.95 ± 0.45 g for hatch weight, 80.91 ± 0.87 to 91.87 ± 0.78 g, 257.16 ± 3.01 to 
283.50 ± 2.41 g, 500.53 ± 7.11 to 639.49 ± 7.94 g, 734.41 ± 7.38 to 842.29 ± 5.88 g, and 
1017.63 ± 10.79 to 1121.78 ± 9.94 g, for 4, 8, 12, 16, and 20 weeks of age, respectively 
(Table 2) while [67] observed significant effect of sire, dam, and ecotype on AFE 
and BWFE of Fulani and Tiv ICs and positive genetic correlations between AFE, 
BWFE, and EW; and EW, egg length (EL), and egg diameter (ED). Additive 
genetic heritability (h2) of AFE, BWFE, EW, EL, and ED for Fulani and Tiv ICs 
were 0.358 and 0.438, 0.420 and 0.398, 0.482 and 0.642, 0.182 and 0.000, and 
0.051 and 0.309, respectively. For egg production pattern (clutch size, clutch 
number, pause number, and pause length), h2 values were 0.358, 0.412, 0.045, and 
0.036, respectively in Fulani chickens and 0.428, 0.391, 0.063, and 0.048, respec-
tively in Tiv chickens [74]. High positive genetic correlations (range: 0.78 to 0.88) 
were reported between BWFE and AFE, BWFE and EW, EW and EL, and EW and 
ED. Agu et al. [75] reported significant effect of sire on AFE, weight of first egg 
(WFE), egg production (EN), egg mass (EM), egg weight (EW), thigh length, 
back width, and neck length in HE ICs of Southeastern Nigeria. Heritability values 
for EW, EN, and EM was 0.31 ± 0.30, 0.16 ± 0.13, and 0.28 ± 0.24, respectively and 
ranged from 0.13 ± 0.23 to 0.52 ± 0.24 from 4 to 20 weeks of age for thigh length, 
0.23 ± 0.23 to 0.41 ± 0.29 for back width, and 0.10 ± 0.18 to 0.52 ± 0.44 for neck 
length. Momoh et al. [46] showed that main (HE x LE) and reciprocal (LE x HE) 
crossbred progenies were similar in body weight to the HE chickens but superior 
to the LE chickens. Momoh and Nwosu [76] evaluated the genetic parameters of 
body weight (BW), body weight gain (BWG), and feed conversion ratio (FCR) in 
HE, LE, HE x LE, and LE x HE populations and reported h2 values of 0.17 ± 0.19, 
0.08 ± 0.10, and 0.19 ± 0.22 for BW at hatch, respectively. The corresponding 
values for BW from week 4 to week 20 of age ranged from 0.16 ± 0.18 to 0.43 ± 0.26, 
0.16 ± 0.13 to 0.25 ± 0.17, and 0.20 ± 0.21 to 0.36 ± 0.28, respectively. For daily 
gain from 4 to 20 weeks, 0.03 ± 0.11 to 0.12 ± 0.14, 0.21 ± 0.15 to 0.89 ± 0.50, 
and 0.10 ± 0.16 to 0.80 ± 0.14, respectively were reported while 0.13 ± 0.16 to 
0.41 ± 0.25, 0.10 ± 0.10 to 0.46 ± 0.24, and 0.11 ± 0.16 to 0.24 ± 0.23, respectively 
were reported for FCR.
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4.2  Crossbreeding of Nigerian indigenous chicken ecotypes, and genotypes  
with exotic breeds

Crossbreeding NICs with exotic breeds/strains is advocated to exploit the high 
genetic distance and variation between ICs and exotic strains believed to enhance 
hybrid vigor, heterosis, and breed complementarity. Omeje and Nwosu [58] evalu-
ated progenies of crosses between NIC (LC) and Gold link (GL, an exotic breed) 
and reported reduced age at first egg (AFE) in LC x GL progenies compared to 
LC, GL, and GL x LC (155.4 ± 1.49 vs. 157.8 ± 3.21, 169.2 ± 1.65, and 169.7 ± 3.74 d, 
respectively). Authors also reported superior egg weight for GL, GL x LC, and LC 
x GL compared to LC (53.44, 47.74, and 47.02 vs. 38.63 g, respectively). The cor-
responding values for egg mass was 12.12, 10.18, and 8.89 vs. 5.64 kg, respectively. 
An improvement in annual egg production from 146 eggs/hen for LC to 213 eggs/
hen for GL x LC was reported by [77]. Fewer but longer pauses and shorter but 
more pauses were observed in LC and LC x GL; and GL and GL x LC, respectively. 
It was also observed that hybrids of crosses involving LC, Yaffa (Y) and GL exotic 
chickens [LC(Y x GL), GL (Y x LC), and Y x GL] were superior to LC in egg weight 
(51.91, 52.07, and 54.22 vs. 40.36 g, respectively), and egg mass (5.40, 5.37, and 6.10 
vs. 3.32 kg, respectively) [78] while [79] reported superior body weights for GL, GL 
x LC, and [GL(GL x LC)] in growth and egg production compared to LC attributed 
to dominance, epistasis, and/or maternal effects. Oluyemi [80] reported heterosis 
of 12 week body weight in progenies of LC x White Rock and LC x Rhode Island 
Red (RIR) to range from 4.0 to 12.4% while significant improvement in BWFE, 
WFE, ASM, egg production (EN90) and egg weight (EW90) to 90 d was observed 
in LC x RIR males backcrossed to RIR dams [81]. Ukpong [82] observed improved 
meat yield in crosses of LC x Abor acre (AA) broiler chickens relative to LC while 
[49] reported improved growth performance and feed conversion in F2 (main and 
reciprocal backcross groups) compared to F1 counterparts in crosses of Abor Acre 
broiler breeder and native chicken genotypes (Table 2). Nwachukwu et al. [18] had 
shown that main crossbred progenies of AA x LC genotypes were inferior in body 
weight at first egg to their reciprocal crossbred counterparts (960.00, 812.50 and 
1030.00 vs. 1891.67, 1576.50 and 2072.00 g, respectively). The latter group also had 
higher values for WFE, EN90, egg length, yolk index, albumen weight, and Haugh 
unit and crosses involving the frizzle genotype were superior to crosses involving 
other IC genotypes. Adeleke et al. [83] crossed complete feathered, frizzle and 
naked neck ICs to Anak titan (AT) broilers and reported significant effect of sire, 
dam, and progeny genotype on growth traits. Anak titan sire significantly improved 
8 to 20 week body weight compared to IC sires. Significant sire genotype effect on 
fertility and percent dead in shell was also reported in IC genotypes crossed to AT 
[84]. Frizzled sire had highest fertility (90.5%) and produced eggs with highest 
hatchability (91.4%) and least embryo mortality (7.5%) while AT dams produced 
eggs with highest fertility and hatchability (88.2 and 94.6%, respectively). Main 
and reciprocal crosses involving the frizzle genotype were also better in the traits 
studied [84]. Ayorinde et al. [85] observed superior body weight in Fulani ecotype 
X Dominant black (FE x DB) progenies compared to FE, DB, and DB x FE at 
21 weeks of age (1408.50 ± 3.5 vs. 1350.60 ± 4.5, 1388.60 ± 3.2, and 1375.00 ± 3.2 g, 
respectively). All crossbred genotypes were superior in early (0 to 13 weeks) body 
weight to FE. Udeh and Omeje [86] reported heterosis of body weight in native and 
exotic inbred chicken crosses with native X exotic being higher than exotic X native, 
and native backcrosses being higher than exotic backcrosses. The authors concluded 
that body weight heterosis resulted from complete dominance in native backcrosses 
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while 2–3 locus parental epistasis involving complementary genes were responsible 
for heterosis observed in exotic backcrosses. Udeh [87] reported significant dif-
ferences in age at first egg (AFE), BWFE and WFE among native X exotic inbred 
chicken groups. Inheritance of AFE and WFE was attributed to additive (e.g., sire) 
and non-additive (e.g., dam) genetic effects while dominance effect was responsible 
for inheritance of BWFE. Udeh [88] showed that crossing IC with inbred progenies 
of H and N brown nick, and Black Olympia, improved BW and BWG from hatch to 
20 weeks of age relative to IC due to significant direct additive, maternal additive 
and direct heterotic effects. Significant genotype effect on fertility, and hatch-
ability and improved BW and EW in LE x Isa Brown progenies compared to LE was 
reported by [69].

Reported heritability (h2) estimates of production traits in crosses between 
local chickens and exotic breeds vary widely being specific for populations, point 
of estimation, and age of birds. Akinokun and Dettmers [89] reported values of 
0.15, 0.02 and 0.25 for age at sexual maturity (ASM), 4 months, and 8 months egg 
production, respectively; 0.20 to 0.54 for egg weight to 7 months of lay; 0.51, 0.41 
and 0.27 for 4, 12, and 20 week body weight, respectively; and realized heritability 
of 0.27 and 0.24 for 4 months egg production in 2nd and 3rd generation, respec-
tively. Oluyemi [90] had reported h2 value of 0.31 for 12 week body weight while 
[91] reported values of 0.35 to 0.74, 0.31 to 0.89, and 0.27 to 0.49 for body weight 
from sire, dam, and sire + dam variance components in progenies of crosses involv-
ing ICs, Yaffa and Goldlink. The same authors reported heritability of 0.46 ± 0.24 
for egg weight and 0.36 ± 0.18 for shell thickness. Udeh [92] reported h2 values 
of 0.08 to 0.80, 0.03 to 0.69, and 0.22 to 0.47 for BW, shank length, and wing 
length, respectively, and positive genetic correlation (except for SL and WL) and 
phenotypic correlation coefficients that ranged from 0.18 to 0.96 and 0.10 to 0.91, 
respectively among BW, SL, and WL at different ages in NICs.

4.3 Genetic improvement of Nigerian indigenous chickens through selection

Relatively few studies that are far in between have been undertaken to evaluate 
selection response in NICs. The earliest report on genetic selection [80] observed 
poor selection response in body weight in NICs over 7 generations while [93] 
reported genetic gain of 2.20 and 2.48 eggs for first and second generations, 
respectively. Recently, a number of studies demonstrated significant improve-
ment of growth and egg production traits. In light ecotype (LE) IC, [63] reported 
improvement in BWFE, EN, EW, and WFE but increased AFE following three 
generations of index selection (G0 to G2). Values reported for selected vs. con-
trol groups ranged from 962.50 ± 23.33 to 1062.90 ± 18.06 vs. 880.14 ± 16.72 to 
892.10 ± 18.85 for BWFE, 33.40 ± 1.23 to 47.18 ± 2.36 vs. 34.04 ± 1.15 to 37.38 ± 2.21 
eggs for EN, 36.51 ± 0.55 to 38.64 ± 0.49 vs. 35.27 ± 0.31 to 35.73 ± 0.59 g for 
EW, 30.62 ± 0.92 to 31.92 ± 0.63 vs. 29.44 ± 0.37 to 29.99 ± 0.66 g for WFE, and 
159.47 ± 1.97 to 164.78 ± 2.40 vs. 158.40 ± 1.13 to 159.48 ± 1.47 d for AFE. From the 
same population cumulative selection differential (CumΔs) of 269.38 g, 1.58 g, 
and 3.88 eggs and realized genetic gain per generation of 94.22 g, 0.84 g, and 4.85 
eggs, for BWFE, EW, and EN, respectively were reported [94]. Pooled heritabil-
ity estimates over the three generations was 0.56, 0.44, and 0.28 for BWFE, EN, 
and EW, respectively while genetic correlation values were 0.41 for BWTE and 
EW, −0.18 for BWFE and EN, and − 0.23 for EN and EW [95]. Ogbu et al. [96] 
estimated the economic, and relative economic weights of BW, EW and EN to 
16 weeks of lay in heavy ecotype IC (HE) over three generations (G0 to G2) for 
use in construction of selection indices and reported values of 7.47 and 3.15, 13.67 
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and 5.77, and − 2.37 and − 1.00, respectively in G0,; 13.07 and 3.82, 23.69 and 
6.93, and − 3.42 and − 1.00, respectively in G1; and 16.80 and 2.89, 30.75 and 5.28, 
and − 5.82 and − 1.00, respectively in G2 generation. Using an index of weighted 
breeding values that considered the heritability, relative economic weight, and 
standardized trait values, [97] reported expected average direct genetic gain per 
generation for short term (16 weeks) egg production of 12.58 eggs, 1.98 g, and 
25.04 g for EN, EW, and BWFE, respectively; realized genetic gain of 2.19 and 
1.59 eggs for EN, 1.65 and 0.26 g for EW, and − 25.60 and 123.64 g for BWFE for 
G0 and G1, respectively; and corresponding values for ratio of realized to expected 
genetic gain of 2.27 and 1.22, 3.15 and 0.24, and 0.95 and 2.21, respectively. The 
authors reported h2 estimates that ranged from 0.12 to 0.24 for EN, 0.34 to 0.43 for 
EW and 0.57 to 0.69 for BWFE. For males, improvement in 39 week body weight 
was observed with realized genetic gain of 284.22 and 111.87 g for G0 and G1, 
respectively and average expected gain of 508.50 g per generation following mass 
selection. Ogbu [98] had reported improvement in BW from hatch to 39 weeks 
following mass selection in male HE IC with final body weight increased from 
1372.66 ± 16.46 g in G0 to 1768.75 ± 33.15 g in G2 implying a cumulative gain of 
925.76 g over three generations. The author reported h2 estimate of 0.24 ± 0.27 to 
0.59 ± 0.45 and 0.13 ± 0.49 to 0.25 ± 0.31 across the three generations for BW from 
12 to 20 and 39 weeks of age, respectively. Agbo [99] furthered the selection for 
improved growth and egg production in HE ICs from 4th to 6th generation and 
reported improvement in short term (16 weeks) EN and EW from 89.98 ± 0.81 
eggs and 43.52 ± 0.08 g, respectively in G4 to 94.98 ± 0.51 eggs and 45.06 ± 0.12 g, 
respectively in G6, and mean realized genetic gain of 119.18 g for 39 week BW in 
males. The author reported h2 values of range 0.28 to 0.52 for EW, 0.14 to 0.45 for 
EN, and 0.23 to 0.69 for BWFE and relative economic weight of 2.02 to 2.24, 2.45 to 
2.78, and − 1.00 for EW, EN, and BWFE, respectively. These studies indicate that 
NICs can be improved for commercial utility as layer or dual purpose bird (meat 
and egg production) using within ecotype selection.

5.  Genetic diversity and distance within and between ecotypes,  
and genotypes

Studies to evaluate genetic diversity and distance within and between NICs 
involved phenotypic and molecular evaluation of different ecotypes, genotypes 
and populations [19–21]. Ige [100] using correlation and regression models esti-
mated genetic parameters of BW and linear body traits to evaluate genetic distance 
between Yoruba (YE) (light) and Fulani (FE) (heavy) IC ecotypes. Correlation 
coefficients ranged from 0.30 to 0.89 and 0.40 to 0.99 in male and female FE, 
respectively and from 0.20 to 0.88 and 0.15 to 0.85 in female and male YE, respec-
tively. Coefficient of determination (R2) ranged from 0.20 to 0.91, 0.10 to 0.76, and 
0.22 to 0.94 for linear, quadratic and cubic functions, respectively in YE and 0.55 
to 0.94, 0.64 to 0.81, and 0.55 to 0.86, respectively in FE. The IC ecotypes showed 
strong discriminatory power (98.29%) but low genetic distance (Euclidean genetic 
distance = 11.2) indicating close relationship. Using canonical discriminant analysis 
[19] evaluated the diversity among NIC genotypes and reported highest discrimi-
natory power in Body weight, thigh length, and body width. Mahalanobis distance 
measure indicated closer relationship between normal feathered and naked neck 
(3.371) compared to normal feathered and frizzle genotype (4.626). Gwaza et al. 
[101] however reported wide genetic diversity in body dimensions among isolated 
populations of Tiv chickens. Ukwu et al. [102] evaluated within ecotype genetic 
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while 2–3 locus parental epistasis involving complementary genes were responsible 
for heterosis observed in exotic backcrosses. Udeh [87] reported significant dif-
ferences in age at first egg (AFE), BWFE and WFE among native X exotic inbred 
chicken groups. Inheritance of AFE and WFE was attributed to additive (e.g., sire) 
and non-additive (e.g., dam) genetic effects while dominance effect was responsible 
for inheritance of BWFE. Udeh [88] showed that crossing IC with inbred progenies 
of H and N brown nick, and Black Olympia, improved BW and BWG from hatch to 
20 weeks of age relative to IC due to significant direct additive, maternal additive 
and direct heterotic effects. Significant genotype effect on fertility, and hatch-
ability and improved BW and EW in LE x Isa Brown progenies compared to LE was 
reported by [69].

Reported heritability (h2) estimates of production traits in crosses between 
local chickens and exotic breeds vary widely being specific for populations, point 
of estimation, and age of birds. Akinokun and Dettmers [89] reported values of 
0.15, 0.02 and 0.25 for age at sexual maturity (ASM), 4 months, and 8 months egg 
production, respectively; 0.20 to 0.54 for egg weight to 7 months of lay; 0.51, 0.41 
and 0.27 for 4, 12, and 20 week body weight, respectively; and realized heritability 
of 0.27 and 0.24 for 4 months egg production in 2nd and 3rd generation, respec-
tively. Oluyemi [90] had reported h2 value of 0.31 for 12 week body weight while 
[91] reported values of 0.35 to 0.74, 0.31 to 0.89, and 0.27 to 0.49 for body weight 
from sire, dam, and sire + dam variance components in progenies of crosses involv-
ing ICs, Yaffa and Goldlink. The same authors reported heritability of 0.46 ± 0.24 
for egg weight and 0.36 ± 0.18 for shell thickness. Udeh [92] reported h2 values 
of 0.08 to 0.80, 0.03 to 0.69, and 0.22 to 0.47 for BW, shank length, and wing 
length, respectively, and positive genetic correlation (except for SL and WL) and 
phenotypic correlation coefficients that ranged from 0.18 to 0.96 and 0.10 to 0.91, 
respectively among BW, SL, and WL at different ages in NICs.

4.3 Genetic improvement of Nigerian indigenous chickens through selection

Relatively few studies that are far in between have been undertaken to evaluate 
selection response in NICs. The earliest report on genetic selection [80] observed 
poor selection response in body weight in NICs over 7 generations while [93] 
reported genetic gain of 2.20 and 2.48 eggs for first and second generations, 
respectively. Recently, a number of studies demonstrated significant improve-
ment of growth and egg production traits. In light ecotype (LE) IC, [63] reported 
improvement in BWFE, EN, EW, and WFE but increased AFE following three 
generations of index selection (G0 to G2). Values reported for selected vs. con-
trol groups ranged from 962.50 ± 23.33 to 1062.90 ± 18.06 vs. 880.14 ± 16.72 to 
892.10 ± 18.85 for BWFE, 33.40 ± 1.23 to 47.18 ± 2.36 vs. 34.04 ± 1.15 to 37.38 ± 2.21 
eggs for EN, 36.51 ± 0.55 to 38.64 ± 0.49 vs. 35.27 ± 0.31 to 35.73 ± 0.59 g for 
EW, 30.62 ± 0.92 to 31.92 ± 0.63 vs. 29.44 ± 0.37 to 29.99 ± 0.66 g for WFE, and 
159.47 ± 1.97 to 164.78 ± 2.40 vs. 158.40 ± 1.13 to 159.48 ± 1.47 d for AFE. From the 
same population cumulative selection differential (CumΔs) of 269.38 g, 1.58 g, 
and 3.88 eggs and realized genetic gain per generation of 94.22 g, 0.84 g, and 4.85 
eggs, for BWFE, EW, and EN, respectively were reported [94]. Pooled heritabil-
ity estimates over the three generations was 0.56, 0.44, and 0.28 for BWFE, EN, 
and EW, respectively while genetic correlation values were 0.41 for BWTE and 
EW, −0.18 for BWFE and EN, and − 0.23 for EN and EW [95]. Ogbu et al. [96] 
estimated the economic, and relative economic weights of BW, EW and EN to 
16 weeks of lay in heavy ecotype IC (HE) over three generations (G0 to G2) for 
use in construction of selection indices and reported values of 7.47 and 3.15, 13.67 
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and 5.77, and − 2.37 and − 1.00, respectively in G0,; 13.07 and 3.82, 23.69 and 
6.93, and − 3.42 and − 1.00, respectively in G1; and 16.80 and 2.89, 30.75 and 5.28, 
and − 5.82 and − 1.00, respectively in G2 generation. Using an index of weighted 
breeding values that considered the heritability, relative economic weight, and 
standardized trait values, [97] reported expected average direct genetic gain per 
generation for short term (16 weeks) egg production of 12.58 eggs, 1.98 g, and 
25.04 g for EN, EW, and BWFE, respectively; realized genetic gain of 2.19 and 
1.59 eggs for EN, 1.65 and 0.26 g for EW, and − 25.60 and 123.64 g for BWFE for 
G0 and G1, respectively; and corresponding values for ratio of realized to expected 
genetic gain of 2.27 and 1.22, 3.15 and 0.24, and 0.95 and 2.21, respectively. The 
authors reported h2 estimates that ranged from 0.12 to 0.24 for EN, 0.34 to 0.43 for 
EW and 0.57 to 0.69 for BWFE. For males, improvement in 39 week body weight 
was observed with realized genetic gain of 284.22 and 111.87 g for G0 and G1, 
respectively and average expected gain of 508.50 g per generation following mass 
selection. Ogbu [98] had reported improvement in BW from hatch to 39 weeks 
following mass selection in male HE IC with final body weight increased from 
1372.66 ± 16.46 g in G0 to 1768.75 ± 33.15 g in G2 implying a cumulative gain of 
925.76 g over three generations. The author reported h2 estimate of 0.24 ± 0.27 to 
0.59 ± 0.45 and 0.13 ± 0.49 to 0.25 ± 0.31 across the three generations for BW from 
12 to 20 and 39 weeks of age, respectively. Agbo [99] furthered the selection for 
improved growth and egg production in HE ICs from 4th to 6th generation and 
reported improvement in short term (16 weeks) EN and EW from 89.98 ± 0.81 
eggs and 43.52 ± 0.08 g, respectively in G4 to 94.98 ± 0.51 eggs and 45.06 ± 0.12 g, 
respectively in G6, and mean realized genetic gain of 119.18 g for 39 week BW in 
males. The author reported h2 values of range 0.28 to 0.52 for EW, 0.14 to 0.45 for 
EN, and 0.23 to 0.69 for BWFE and relative economic weight of 2.02 to 2.24, 2.45 to 
2.78, and − 1.00 for EW, EN, and BWFE, respectively. These studies indicate that 
NICs can be improved for commercial utility as layer or dual purpose bird (meat 
and egg production) using within ecotype selection.

5.  Genetic diversity and distance within and between ecotypes,  
and genotypes

Studies to evaluate genetic diversity and distance within and between NICs 
involved phenotypic and molecular evaluation of different ecotypes, genotypes 
and populations [19–21]. Ige [100] using correlation and regression models esti-
mated genetic parameters of BW and linear body traits to evaluate genetic distance 
between Yoruba (YE) (light) and Fulani (FE) (heavy) IC ecotypes. Correlation 
coefficients ranged from 0.30 to 0.89 and 0.40 to 0.99 in male and female FE, 
respectively and from 0.20 to 0.88 and 0.15 to 0.85 in female and male YE, respec-
tively. Coefficient of determination (R2) ranged from 0.20 to 0.91, 0.10 to 0.76, and 
0.22 to 0.94 for linear, quadratic and cubic functions, respectively in YE and 0.55 
to 0.94, 0.64 to 0.81, and 0.55 to 0.86, respectively in FE. The IC ecotypes showed 
strong discriminatory power (98.29%) but low genetic distance (Euclidean genetic 
distance = 11.2) indicating close relationship. Using canonical discriminant analysis 
[19] evaluated the diversity among NIC genotypes and reported highest discrimi-
natory power in Body weight, thigh length, and body width. Mahalanobis distance 
measure indicated closer relationship between normal feathered and naked neck 
(3.371) compared to normal feathered and frizzle genotype (4.626). Gwaza et al. 
[101] however reported wide genetic diversity in body dimensions among isolated 
populations of Tiv chickens. Ukwu et al. [102] evaluated within ecotype genetic 
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diversity at the hemoglobin (Hb) locus in Tiv chickens and observed three Hb 
genotypes (HbAA, HbAB, and HbBB) at frequencies 0.40, 0.32, and 0.24, respec-
tively resulting from two Hb alleles at frequencies 0.60 for HbA and 0.40 for HbB. 
Tiv chickens showed moderate Hb heterozygosity of 0.48. Adenaike et al. [20] 
investigated genetic diversity in NIC genotypes and Nera Black chickens based on 
variation in zyxin and TNFRSF1A genes. Highest nucleotide substitution per site 
(Dxy = 0.081) was reported for TNFRSF1A gene sequences in normal feathered and 
naked neck chickens while frizzle and Nera Black chickens had the lowest value of 
Dxy = 0.065. For zyxin gene sequences, normal and frizzle feathered chickens had 
highest Dxy value of 0.6551 vs. 0.0739 for Nera Black and naked neck. Mean hap-
lotype diversity and average number of nucleotide difference in TNFRSF1A gene 
sequences was highest in Nera Black (0.923 and 3.967, respectively) while frizzle 
chickens had the corresponding lowest values (0.00489 and 3.143, respectively). 
The authors inferred high nucleotide divergence, haplotype diversity and restricted 
gene flow among the chicken genotypes. Gambo et al. [21] studied diversity and 
genetic distance within and between Tiv (TE) and Fulani (FE) ecotypes based on 
blood proteins (Hb, albumin, transferrin and carbonic anhydrase) electrophoresis. 
Two Hb genotypes (HbAA and HbAB at frequencies 0.125 and 0.875, respectively 
in TE, and 0.538 and 0.462, respectively in FE), three albumin genotypes (AB, 
and AC at frequencies 0.026 and 0.974, respectively in TE, and AA and AC at 
frequencies 0.077 and 0.923, respectively in FE), six transferrin genotypes (AA, 
AB, AD, BB, BD, and DD at frequencies 0.054, 0.027, 0.297, 0.162, 0.378, and 
0.082, respectively in TE and AA, AD, and DD at frequencies 0.568, 0.243, and 
0.189, respectively in FE), and four carbonic anhydrase genotypes (AA, AB, AC, 
and BB at frequencies 0.20, 0.175, 0.525, and 0.100, respectively in TE and AA, AB, 
and AC at frequencies 0.263, 0.026, and 0.711, respectively in FE) were reported. 
Thus HbAA and HbAB were most abundant in TE and FE (0.875 and 0.538, respec-
tively). Genotype AC for albumin, BD and AA for transferin and AC for carbonic 
anhydrase were the most frequent in the two ecotypes while albumin genotypes 
AA and AB were absent in TE and FE, respectively. The authors inferred a common 
origin for the two ecotypes but positive genetic distance between them attributable 
to divergence from one locality to another. Ige and Salako [103] employed direct 
gene counting and dendogram following cellulose acetate electrophoresis to evalu-
ate genetic variation at the transferrin locus and established genetic relationships 
within and between FE and YE chickens. The authors reported six phenotypes 
(AA, AB, AC, BB, BC, and CC at genotypic frequencies 12.5, 10.0, 7.5, 35.0, 17.5, 
and 15.0%, respectively in YE, and 11.19, 16.6, 2.8, 22.2, and 27.7%, respectively in 
FE) controlled by three co-dominant alleles (TfA, TfB, and TfC at frequencies 0.35, 
0.20, and 0.43, respectively in YE and 0.21, 0.32, and 0.44, respectively in FE). 
Dendogram clustering analysis indicated 72% genetic similarity within FE, 58% 
within YE, 70% between the two ecotypes, and no genetic relationship between 
transferrin locus and phenotypic traits such as sex, plumage color, and comb type 
of chicken. Ige et al. [22] considered the variation at globulin (95SKDa), transferrin 
(66KDa), albumin (36KDa), and post albumin (29KDa) loci using sodiumdodecyl-
sulphate polyacrylamide gel electrophoresis to evaluate the genetic similarity of YE 
ICs. Similarity indices for transferrin, albumin, globulin, and post albumin were 
58, 19, 18, and 40%, respectively indicating genetic similarity at the transferrin 
locus but wide variation at the other blood protein loci. The authors also inferred 
that the YE IC populations were still under natural selection. Adeleke et al. [104] 
had reported mean genetic similarity index of 55% between normal feathered, 
frizzle feathered and naked neck IC genotypes using blood protein polymorphisms 
and inferred clearly separated genotypes with naked neck genotype being the most 
diverged.

153

Utilization and Conservation of Landrace Chickens of Nigeria: Physical and Performance…
DOI: http://dx.doi.org/10.5772/intechopen.96580

6.  Conservation of Nigerian indigenous chicken genetic resources: issues 
and concerns

Nigerian ICs have evolved as homeostatic populations with adaptive and neutral 
diversity and capacity to respond to changing environmental conditions in diverse 
ways [6, 7, 16]. Experts believe that diverse unselected indigenous animal resources 
that harbor high proportions of neutral and adaptive diversity represent equivalent 
genetic resources in the absence of wild ancestors, and should be conserved with 
high national priority [105]. Emerging diseases, climate change, and changes in 
nutritional needs of humanity are unforeseeable. Consequently, overall genetic 
resources defined by adaptive and neutral diversity must be maintained in order to 
conserve the potential to react to future challenges [105–107].

There is dearth of data on the extinction risk status of NICs but commenta-
tors agree that IC genetic resources are the most endangered and under conserved 
animal genetic resources [6, 108, 109] with extinction risk of 33% [110] and about 
40% of breeds with unknown extinction risk status [111]. Studies have shown the 
dwindling frequency or apparent loss of rare NIC phenotypes such as the crested 
head, feathered shank or ptylopody, polydactyl or 5 toed, short flight feathered, 
and dwarf types, naked neck, frizzle, and silky, and major genes such as naked neck 
(Na), frizzle (F), dwarf (Dw), ptylopody (Fsh), and polydactyl (Po) believed to 
enhance survival and performance in tropical environments [6, 16, 112].

6.1 Drivers of erosion and loss of indigenous chicken genetic resources

The declining animal genetic resources in developing countries has been blamed 
on a number of factors defined by scholars to threaten production, utilization, and 
conservation of native animal populations including ICs [24, 113, 114]. A brief over-
view of these factors will provide the background for suggested mitigation strategies.

a. Pressure to substitute indigenous types with exotic breeds

The notion within professionals, and policy makers that husbandry of landrace 
chickens is an economic waste put pressure on farmers to cull local strains in 
favor of exotic breeds [23] leading to loss, sometimes irretrievably, rare IC 
genetic resources [23, 24].

b. Introgression of exotic genes into native animal genetic base

To meet growing animal food demands due to increasing human population and 
rise in income, policy makers, researchers, and farmers advocate crossbreed-
ing of local strains and exotic breeds without long-term breeding objectives 
[23, 98, 115]. These activities dilute and narrow indigenous animal genetic base 
and lead to loss of important traits for survival and production in scavenging 
husbandry system and harsh (disease endemic and high temperature) environ-
ments [23, 24, 115, 116]. Reduced fitness of resulting hybrids have been reported 
in chickens and other species [24, 117], and no commercial breed has resulted 
from decades of crossbreeding involving NICs and exotic breeds [98]. Similar 
scenario has been reported in other African countries [23, 24, 115, 118, 119].

c. Radical shift in production system and poor economic valuation of ICs

The shift from small scale, subsistence production to large scale, intensive 
holdings alienates indigenous strains [24, 120, 121], resulting in loss of IC 
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and BB at frequencies 0.20, 0.175, 0.525, and 0.100, respectively in TE and AA, AB, 
and AC at frequencies 0.263, 0.026, and 0.711, respectively in FE) were reported. 
Thus HbAA and HbAB were most abundant in TE and FE (0.875 and 0.538, respec-
tively). Genotype AC for albumin, BD and AA for transferin and AC for carbonic 
anhydrase were the most frequent in the two ecotypes while albumin genotypes 
AA and AB were absent in TE and FE, respectively. The authors inferred a common 
origin for the two ecotypes but positive genetic distance between them attributable 
to divergence from one locality to another. Ige and Salako [103] employed direct 
gene counting and dendogram following cellulose acetate electrophoresis to evalu-
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and 15.0%, respectively in YE, and 11.19, 16.6, 2.8, 22.2, and 27.7%, respectively in 
FE) controlled by three co-dominant alleles (TfA, TfB, and TfC at frequencies 0.35, 
0.20, and 0.43, respectively in YE and 0.21, 0.32, and 0.44, respectively in FE). 
Dendogram clustering analysis indicated 72% genetic similarity within FE, 58% 
within YE, 70% between the two ecotypes, and no genetic relationship between 
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of chicken. Ige et al. [22] considered the variation at globulin (95SKDa), transferrin 
(66KDa), albumin (36KDa), and post albumin (29KDa) loci using sodiumdodecyl-
sulphate polyacrylamide gel electrophoresis to evaluate the genetic similarity of YE 
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40% of breeds with unknown extinction risk status [111]. Studies have shown the 
dwindling frequency or apparent loss of rare NIC phenotypes such as the crested 
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(Na), frizzle (F), dwarf (Dw), ptylopody (Fsh), and polydactyl (Po) believed to 
enhance survival and performance in tropical environments [6, 16, 112].

6.1 Drivers of erosion and loss of indigenous chicken genetic resources

The declining animal genetic resources in developing countries has been blamed 
on a number of factors defined by scholars to threaten production, utilization, and 
conservation of native animal populations including ICs [24, 113, 114]. A brief over-
view of these factors will provide the background for suggested mitigation strategies.

a. Pressure to substitute indigenous types with exotic breeds

The notion within professionals, and policy makers that husbandry of landrace 
chickens is an economic waste put pressure on farmers to cull local strains in 
favor of exotic breeds [23] leading to loss, sometimes irretrievably, rare IC 
genetic resources [23, 24].

b. Introgression of exotic genes into native animal genetic base

To meet growing animal food demands due to increasing human population and 
rise in income, policy makers, researchers, and farmers advocate crossbreed-
ing of local strains and exotic breeds without long-term breeding objectives 
[23, 98, 115]. These activities dilute and narrow indigenous animal genetic base 
and lead to loss of important traits for survival and production in scavenging 
husbandry system and harsh (disease endemic and high temperature) environ-
ments [23, 24, 115, 116]. Reduced fitness of resulting hybrids have been reported 
in chickens and other species [24, 117], and no commercial breed has resulted 
from decades of crossbreeding involving NICs and exotic breeds [98]. Similar 
scenario has been reported in other African countries [23, 24, 115, 118, 119].

c. Radical shift in production system and poor economic valuation of ICs

The shift from small scale, subsistence production to large scale, intensive 
holdings alienates indigenous strains [24, 120, 121], resulting in loss of IC 
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genetic resources [111]. Following the adoption of backyard or family poultry 
that employs exotic breeds, the family local chicken was substantially elimi-
nated [121]. In addition, native chickens have attracted poor economic appeal 
because only direct use commercial products (without adaptive potentials) 
have been used in economic assessment of chicken genetic resources [23, 24].

d. Globalization and livestock revolution

The expanding industrial poultry production coupled with increased farm 
input costs necessitate that breeds that produce more efficiently are adopted 
in place of indigenous strains [122–124]. Furthermore, increased globaliza-
tion of animal production and worldwide movement of germplasm fuel breed 
replacement against ICs leading to decline and loss in IC genetic resources 
[23, 117, 122].

e. Disease, Predators, negative selection and cultural practices

Endemic diseases and predators cause the loss of ICs [23, 48] and force many 
marginal families to discontinue investment in IC production [23]. Culling the 
best chickens for income and other functions (food, festivals, cultural, reli-
gious or ritual practices, i.e., negative selection) [16, 125], without a breeding 
programme for their replacement, depletes IC genetic resources.

6.2 Key concerns on loss of indigenous chicken genetic resources

The concern about loss of IC genetic resources stems from the multifaceted 
economic, environmental and socio-cultural consequences highlighted by numer-
ous studies [6, 7, 16, 24, 109, 113].

a. Extinction of native strains and loss of overall genetic diversity and heritable 
variations with co-adapted genes and gene complexes that may be useful to 
meet breeding goals now and in the long-term [24, 105, 126].

b. Depletion of adaptive genes and traits, reduced fitness and evolution-
ary potentials, resulting in reduced flexibility of future breeding options 
[6, 108, 109, 111].

c. Limited gene flow between populations, genetic bottleneck, low effective 
population size and heightened inbreeding, loss of reproductive capacity, 
fecundity, and survivorship [105, 122, 126].

d. Loss of key genetic attributes for chicken production in marginal environ-
ments, and in disease and parasite endemic regions [16, 24, 105], resulting 
in loss of livelihood [24, 109], irreversible social disintegration, and human 
migration [24, 127, 128].

e. Loss of cultural identity and pride since ICs are associated with peoples, 
and tribes, and are integral part of their culture, tradition and wellbeing 
[23, 109, 129].

f. Loss of valuable animal models for biomedical research and training [24, 130] 
and loss in country gross domestic product (GDP) accounted for by indigenous 
chicken production subsector [24].
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6.3 Schemes to conserve Nigerian indigenous chicken genetic resources

Conservation of IC genetic resources can be ex situ or in situ or both. Ex situ 
conservation involves ex situ in vivo which is conservation of genetic resources 
away from their traditional breeding and production environments or locality as in 
live animal facilities (zoological gardens, parks, on-station farms) [131, 132], and 
ex situ cryopreservation which is conservation of genetic materials such as semen, 
oocytes, embryos, and deoxyribonucleic acids (DNAs) in gene banks [131, 132]. 
In situ conservation on the other hand is conservation of living genetic resources 
in their natural habitat or production environment such as on-farm populations or 
community based production facilities [24, 131].

Animal research stations, parks, and zoological gardens exist in few states in 
Nigeria but ICs are not currently included in these facilities. Ex situ in vivo facilities 
face challenges such as inadequate infrastructure, low technical capacity, obsolete 
legislation, and epileptic funding. Apart from these, ex situ in vivo conservation 
implies that animals are kept in managed environments such that natural selec-
tion may no longer be solely responsible in shaping attributes [105, 132]. Being 
isolated and with limited gene flow, ex situ in vivo populations express limited 
genetic diversity with time [105, 132]. Coupled with decreasing census number, 
they become genetically distinct from the source population [24, 105]. The result-
ing small effective population, high rate of inbreeding, loss of fitness, reproductive 
failure, poor fecundity and survivorship lead to high extinction risk [105, 109].

Ex situ conservation in gene banks is an effective means of conserving critical 
genetic resources from rare and extremely threatened animal species. Large bio-
logical materials representing tremendous genetic diversity can be stored in gene 
banks. These materials are however, none homeostatic entities that do not respond 
to environmental challenges and so do not undergo natural selection and evolution. 
Consequently, they reflect only the genetic diversity of the source population at 
point of collection. Semen, oocytes, DNA, etc. do not reflect the historical, ecologi-
cal, cultural, traditional, and economic values of the source population and do not 
fulfill these roles. Furthermore, ex situ conservation runs on sophisticated technol-
ogy, and infrastructure, high level technical and human resources, and huge capital 
investments which many third world countries including Nigeria may not afford at 
present [24, 133]. Despite the many treaties on conservation of biological diversity, 
the topic of conservation is not a priority in many third world countries battling to 
feed increasing human populations [24, 133].

In situ conservation aims to maintain animal populations in original habitats 
under the management of traditional keepers. In addition to minimizing ecological 
disruption, it is dynamic, allowing genes to evolve subject to the environment [133]; 
encourages native production systems, historical, and socio-cultural roles and 
values [24], livelihood, food security, panmixis, gene flow and biodiversity, natural 
selection and evolution, and development of adaptive capacity [24, 122, 133].

To be successful, in situ conservation requires the participation of farmers 
who become owners and managers of the conservation [122, 133]. It must be 
implemented using community-based management initiatives aimed to enhance 
IC production and returns, and promote food security. It has been emphasized 
that substitution of ICs with exotic breeds and adoption of modern technology 
and breeding practices that enhance productivity of chickens cannot be halted 
because providing adequate animal food for the increasing human population from 
finite resources is of primary concern to policy makers and farmers [122, 133]. 
Furthermore, profit motives drive economic endeavors. Consequently, a convincing 
instrument that could sway farmers to rear ICs is to provide economic incentives as 
compensation for roles in IC conservation.
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implemented using community-based management initiatives aimed to enhance 
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and breeding practices that enhance productivity of chickens cannot be halted 
because providing adequate animal food for the increasing human population from 
finite resources is of primary concern to policy makers and farmers [122, 133]. 
Furthermore, profit motives drive economic endeavors. Consequently, a convincing 
instrument that could sway farmers to rear ICs is to provide economic incentives as 
compensation for roles in IC conservation.
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6.4 Optimum conservation strategy for indigenous chicken genetic resources

The combination of ex situ and in situ conservation could be optimal for IC 
genetic resources [24, 109, 133]. Ex situ in vivo conservation could maintain diverse 
NICs in production and genetic improvement facilities with well-defined improve-
ment programme [23, 109] that aim to preserve heritable variations, prevent 
fixation of deleterious alleles, and retain high reproductive fitness and adaptive 
potential [109] while in situ conservation would maintain ICs as on-farm popula-
tions. The segregation of conserved and genetic improvement populations will 
enable a separated but connected programme whereby conserved populations feed 
genetic improvement while maintaining high genetic diversity to ensure resilience 
and adaptability [109]. On-farm conservation implemented with well defined, 
and appropriately valued productive and adaptive traits, with market niches for all 
potentials, and with well informed, and adequately motivated IC farmers, will serve 
as reservoir of raw genetic diversity and together with ex situ populations, supply 
critical materials for conservation in gene banks. To determine appropriate com-
pensation for rearing ICs, the model proposed by [133] for determining compensa-
tion for on-farm conservation of landrace crop varieties could be adopted. Using 
this model, economic incentive or compensation is the difference in net revenue or 
net profit between IC and exotic chicken production by each participating farmer. 
A number of national and international agencies are deploying this economic 
incentive strategy to encourage farmers to conserve landrace crops on-farm [133]. 
To secure effective cooperation, communities must be made aware of the costs and 
benefits of interventions, the capacity of proposed actions to achieve set objec-
tives, and the economic benefits accruable to the farmer and community [133]. 
A rational farmer will usually shift from IC or exotic chicken production after 
comparing the expected annual profit of each enterprise. The proposed compensa-
tion framework will help to determine the critical diversity to conserve, the current 
diversity that maximizes total productivity, the risk of diversity loss due to chang-
ing economic, production and technological constraints and the optimal cost of 
 conservation [133].

Critical to NIC conservation is proper characterization and economic valuation 
to enhance conservation value [6, 16, 108, 109]. Characterization should aim at 
comprehensive knowledge of the ecotype phenotypic and genotypic characteristics 
including data on population size and structure, geographical distribution, the pro-
duction environment, and within and between breed genetic diversity [109, 122]. 
Conservation value is enhanced by appraisal of the relative importance of NICs 
from the farmer’s perspective and the value placed on the characteristics, and 
maintenance of IC diversity [109, 122]; creation of appropriate breeding objectives 
to maximize the value and contribution of ICs to livelihood, and food security; and 
provide incentives including knowledge and infrastructure for local communities 
to keep and maintain IC genetic resources in their respective ecological context, 
thereby achieving conservation as well as maintaining rural livelihood and food 
security. Conservation priority should be given to ICs proven to be free of admixes 
of foreign genetic elements, and should be focused on the zones that contain maxi-
mum IC diversity to minimize the cost of conservation [108, 133].

7. Conclusion

Nigerian ICs are a genetically complex and critical animal genetic resource 
characterized by unique genetic attributes, diversity, and heritable variations. 
Conservation of the total diversity of NICs is very crucial because genetic 
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complexity is requisite for evolutionary adaptation and adaptation is key to long-
term survival. There is need to prioritize conservation of NICs (an invaluable 
national heritage) to stem the loss of IC genetic resources. Adoption of suggested 
conservation strategies would lead to the realization of this goal.
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6.4 Optimum conservation strategy for indigenous chicken genetic resources

The combination of ex situ and in situ conservation could be optimal for IC 
genetic resources [24, 109, 133]. Ex situ in vivo conservation could maintain diverse 
NICs in production and genetic improvement facilities with well-defined improve-
ment programme [23, 109] that aim to preserve heritable variations, prevent 
fixation of deleterious alleles, and retain high reproductive fitness and adaptive 
potential [109] while in situ conservation would maintain ICs as on-farm popula-
tions. The segregation of conserved and genetic improvement populations will 
enable a separated but connected programme whereby conserved populations feed 
genetic improvement while maintaining high genetic diversity to ensure resilience 
and adaptability [109]. On-farm conservation implemented with well defined, 
and appropriately valued productive and adaptive traits, with market niches for all 
potentials, and with well informed, and adequately motivated IC farmers, will serve 
as reservoir of raw genetic diversity and together with ex situ populations, supply 
critical materials for conservation in gene banks. To determine appropriate com-
pensation for rearing ICs, the model proposed by [133] for determining compensa-
tion for on-farm conservation of landrace crop varieties could be adopted. Using 
this model, economic incentive or compensation is the difference in net revenue or 
net profit between IC and exotic chicken production by each participating farmer. 
A number of national and international agencies are deploying this economic 
incentive strategy to encourage farmers to conserve landrace crops on-farm [133]. 
To secure effective cooperation, communities must be made aware of the costs and 
benefits of interventions, the capacity of proposed actions to achieve set objec-
tives, and the economic benefits accruable to the farmer and community [133]. 
A rational farmer will usually shift from IC or exotic chicken production after 
comparing the expected annual profit of each enterprise. The proposed compensa-
tion framework will help to determine the critical diversity to conserve, the current 
diversity that maximizes total productivity, the risk of diversity loss due to chang-
ing economic, production and technological constraints and the optimal cost of 
 conservation [133].

Critical to NIC conservation is proper characterization and economic valuation 
to enhance conservation value [6, 16, 108, 109]. Characterization should aim at 
comprehensive knowledge of the ecotype phenotypic and genotypic characteristics 
including data on population size and structure, geographical distribution, the pro-
duction environment, and within and between breed genetic diversity [109, 122]. 
Conservation value is enhanced by appraisal of the relative importance of NICs 
from the farmer’s perspective and the value placed on the characteristics, and 
maintenance of IC diversity [109, 122]; creation of appropriate breeding objectives 
to maximize the value and contribution of ICs to livelihood, and food security; and 
provide incentives including knowledge and infrastructure for local communities 
to keep and maintain IC genetic resources in their respective ecological context, 
thereby achieving conservation as well as maintaining rural livelihood and food 
security. Conservation priority should be given to ICs proven to be free of admixes 
of foreign genetic elements, and should be focused on the zones that contain maxi-
mum IC diversity to minimize the cost of conservation [108, 133].

7. Conclusion

Nigerian ICs are a genetically complex and critical animal genetic resource 
characterized by unique genetic attributes, diversity, and heritable variations. 
Conservation of the total diversity of NICs is very crucial because genetic 
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complexity is requisite for evolutionary adaptation and adaptation is key to long-
term survival. There is need to prioritize conservation of NICs (an invaluable 
national heritage) to stem the loss of IC genetic resources. Adoption of suggested 
conservation strategies would lead to the realization of this goal.
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The Reproductive Performance of 
Native Osmanabadi Goat of India
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Abstract

Among the goat breeds of India, Osmanabadi goat breed is one of the most 
popular goat breed of the arid and semi-arid region of Maharashtra state. 
Historically this breed is known to exist on Deccan Plateau since decades. The name 
Osmanabadi is derived from its origin, i.e. Osmanabad district in Maharashtra 
state. The breeds is distributed mainly in 2 southern states of India viz. Western 
Telangana and North Eastern Karnataka state and are having largest contribution 
to meat production in Southern India as their meat is very tasty when compared 
with local breeds. The Osmanabadi breed is suited to all types of rearing systems, 
the most ideal being the semi-intensive system (grazing and closed enclosure) 
where higher production has been observed compared to extensive (grazing 
system) and intensive systems (zero grazing system). Osmanabadi goats reared 
in the Maharashtra, Karnataka and Telangana border region had been analysed 
with reproductive parameters and found that, the female kids attend puberty at 
the age of 349.8 ± 6.9 days with 17.45 ± 0.23 Kg body weight. The average gestation 
period found was 152.24 ± 0.24 days. The mean age at first kidding was found to 
be 494.4 ± 8.1 days. The average duration of post-partum anoestrus period was 
67.34 ± 6.31 days which was responsible for short inter-kidding interval which 
shows high profile reproductive efficiency. The mean kidding interval recorded as 
232.62 ± 5.45 days. Majority of kidding resulted in single births (87.27%) and with 
only 12.73% of multiple births. Breeding season and kidding season of Osmanabadi 
goats was observed from the month of June to September and November to 
February as a major.

Keywords: Osmanabadi goats, Reproductive performance

1. Introduction

India is one of the few countries in the world to make a rich contribution to the 
international pool of genes for livestock and to the improvement of animal produc-
tion worldwide. India possesses an enormous goat population numbering 148.88 
million [1], which is the second highest in the world after China and contribute 
about 27.80% of the total livestock population of India. As per the census report 
of the Department of Animal Husbandry, Dairying and Fisheries, Ministry of 
Agriculture, Government of India (2019), India is a rich repository of goat genetic 
capital with 23 well-recognised goat breeds and these breeds have evolved in 
relation to various geographical and climatic situations. In different agro-climate 
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capital with 23 well-recognised goat breeds and these breeds have evolved in 
relation to various geographical and climatic situations. In different agro-climate 
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areas, these different breeds are of particular importance and have evolved unique 
adaptation characteristics over the years in order to survive and simultaneously 
produce sustained production under the agro-climate conditions of their habitats. 
In general, these breeds have been named after their place of origin and in some 
instances based on their prominent features.

Goats are one of the oldest domesticated species, and have been used for their 
milk, meat, hair and skins over much of the world. Ruminants are of great economic 
importance in livestock industry and small ruminants play very important role in 
the socio-economic status of the society. In fact, goat plays a significant economic 
role for the farming communities living in lowland, midland and highland prov-
inces. Goat, being small sized and more prolific animal, requires minimum capital 
and maintenance costs with less risk in investment. Goats play an important role in 
the food and nutritional security of millions of rural people especially to the land-
less, marginal and small farmers. Further this is sturdy and adaptable animal and is 
known to provide sustainable source of income to more than 40% of below poverty 
line rural population. This is one of the indications of rural farmer preference to this 
animal for employment and income generation. The socio-economic value of goat 
rearing as compared to other livestock species, for poor farmers is immense. Goats 
and sheep are also among the main meat producing animals in India, whose meat is 
readily preferred. They also produce variety of other products, which are especially 
useful in the semi-arid and arid climatic conditions [2]. In India and other develop-
ing countries, the domestic goat (Capra hircus) is an important livestock species. 
It is popularly known as the “poor man’s cow” because it provides a good source 
of meat, milk, fibre, and skin [3]. From very early times in human civilisation, 
goats have served agricultural, economic, cultural and even religious functions. 
Archaeological evidence suggests that at the start of the Neolithic period in the 
Fertile Crescent, the goat was one of the first animals to be domesticated by humans 
around 10,000 years ago [4, 5]. India posse’s large number of goats which can be 
classified in to 23 different breeds adaptable to various climatic conditions. Among 
the various Indian goat breeds Osmanabadi goat breeds as one of the most popular 
goat breed of the arid and semi-arid region of Maharashtra state. Historically this 
breed is known to exist on Deccan plateau since decades. The name Osmanabadi is 
derived from its origin, i.e. Osmanabad district in Maharashtra state.

The goats are usually kept under extensive management and reared on natural 
vegetation, but due to shrinkage of grazing land and as is blamed for soil erosion 
and desertification, the maintenance of flocks under extensive system is threatened. 
However, Semi-intensive and intensive systems of goat rearing with small flocks are 
gaining momentum. In extensive system of management, the animals are reared on 
poor and degraded grazing lands resulting in low production and reproduction. The 
Osmanabadi breed is suited to all types of rearing systems, the most ideal being the 
semi-intensive system (grazing and closed enclosure) where higher production has 
been observed compared to extensive (grazing system) and intensive systems (Zero 
grazing system).

The knowledge of specific physical characteristics and production efficiency of 
this breed is the need of the hour to avoid indiscriminate breeding and to preserve 
sustainable productivity. Therefore, this review focuses on physical characteristics 
and production performance of Osmanabadi goat in India.

2. History and name of breeds

Osmanabadi goat mainly originated in Tuljapur taluka of Osmanabad District 
and Udgir taluka of Latur district of Maharashtra, both were earlier under the 
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Osmanabad district hence the name Osmanabadi became popular among the farm-
ers. This goat is also known as Deccani. As these districts were earlier included in erst 
while Nizam State of Rule which was popularly known as Deccan State and hence 
the Osmanabadi breed was also synonymed as Deccani. The history of origin of 
Osmanabadi goat breed dates back to 150 years in the breeding tract of Marathwada 
region. The Osmanabad district being named after the Nizam Ruler of Hyderabad 
Deccan Estate Mir Osman Ali Khan the 7th Ruler of Nizam dynasty, hence the goat 
breed being named on the basis of breeding tract and origin from Osmanabad 
district as Osmanabadi (Seeri Hind and Tareekh-e-Khursheed, M. K. Shazli, 1968).

3. Distribution of breeds

The Osmanabadi breed distributed over greater part of central peninsular 
region, comprising the semi-arid areas or sub-tropical zones of Maharashtra, 
Andhra Pradesh and Karnataka states. It covers the major part of southern 
Maharashtra especially Osmanabad, Latur, Nanded, Parbhani, Hingoli, Beed, Jalna 
and Aurangabad district of Marathwada region and adjoining parts of Telangana 
and Karnataka State.

4. Breeding tract and climate

Osmanabad and Latur districts of the Marathwada region of Maharashtra state 
are the breeding areas for Osmanabadi goats [6]. The Osmanabadi breed has also 
been found to migrate to neighbouring areas. The breeding tract comprising Latur 
and Osmanabad districts is spread over 180-05′ to 180-07’ N Latitude and 730-25′ to 
770-25′ E Longitudes and 17035′ 18040’ N Latitude and 75016′ to 76040′ E Longitude 
respectively in the deccean plateau [7]. Latur district is situated at 540 to 638 m 
height from mean sea level. The altitude of Osmanabad district is 600-611 m above 
mean sea level. The tract’s agro-climate condition has been categorised as a subtrop-
ical zone and falls within a scarcity zone. Cereals, oilseeds, and pulses are the main 
crops grown in the Latur and Osmanabad districts, leading to harvests in the Kharif 
and Rabi seasons. The crops taken in Kharif are Jowar (Sorghum bicolar), udid or 
blackgram (Phaseolus mungo), tur or pigeonpea (Cajanus cajan), maize (Zea mays), 
post-monsoon sunflower (Helianthus annuus), Rabi jowar (Sorghum bicolar), wheat 
(Triticum sp.), bengal (Cicer arientium), and safflower (Carthamus tinctorius Linn.) 
in Rabi. The great bulk of the ration for ruminants is Jowar kadbi (Sorghum bicolar). 
In addition, mung or greengram (Phaseolus aureus), udid or blackgram (Phaseolus 
mungo), wheat (Triticum sp.), tur (Cajanus cajan) and groundnut (Arachis hypogea) 
crop residues are also used for animal feeding.

5. Management practices

Raskar et al. [8] was observed that 83.33% goat keepers provided housing only 
during night hours to protect them from the wild animals and theft, whereas 
16.67% goat keepers provided day and night housing. The goats were kept in close 
housing (84.62%) as well as in open housing (15.38%). In case of close housing, the 
roofs were made up of locally available materials like tur straw, jowar straw, sugar-
cane trash, tree leaves, dry grasses (78.21%) and 21.79% goat houses were with tin 
sheds. In open houses the goats were kept under trees, open areas and fenced with 
thorny bushes etc. Majority of the goat keepers (98.72%) used kutcha type of floor 
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areas, these different breeds are of particular importance and have evolved unique 
adaptation characteristics over the years in order to survive and simultaneously 
produce sustained production under the agro-climate conditions of their habitats. 
In general, these breeds have been named after their place of origin and in some 
instances based on their prominent features.

Goats are one of the oldest domesticated species, and have been used for their 
milk, meat, hair and skins over much of the world. Ruminants are of great economic 
importance in livestock industry and small ruminants play very important role in 
the socio-economic status of the society. In fact, goat plays a significant economic 
role for the farming communities living in lowland, midland and highland prov-
inces. Goat, being small sized and more prolific animal, requires minimum capital 
and maintenance costs with less risk in investment. Goats play an important role in 
the food and nutritional security of millions of rural people especially to the land-
less, marginal and small farmers. Further this is sturdy and adaptable animal and is 
known to provide sustainable source of income to more than 40% of below poverty 
line rural population. This is one of the indications of rural farmer preference to this 
animal for employment and income generation. The socio-economic value of goat 
rearing as compared to other livestock species, for poor farmers is immense. Goats 
and sheep are also among the main meat producing animals in India, whose meat is 
readily preferred. They also produce variety of other products, which are especially 
useful in the semi-arid and arid climatic conditions [2]. In India and other develop-
ing countries, the domestic goat (Capra hircus) is an important livestock species. 
It is popularly known as the “poor man’s cow” because it provides a good source 
of meat, milk, fibre, and skin [3]. From very early times in human civilisation, 
goats have served agricultural, economic, cultural and even religious functions. 
Archaeological evidence suggests that at the start of the Neolithic period in the 
Fertile Crescent, the goat was one of the first animals to be domesticated by humans 
around 10,000 years ago [4, 5]. India posse’s large number of goats which can be 
classified in to 23 different breeds adaptable to various climatic conditions. Among 
the various Indian goat breeds Osmanabadi goat breeds as one of the most popular 
goat breed of the arid and semi-arid region of Maharashtra state. Historically this 
breed is known to exist on Deccan plateau since decades. The name Osmanabadi is 
derived from its origin, i.e. Osmanabad district in Maharashtra state.

The goats are usually kept under extensive management and reared on natural 
vegetation, but due to shrinkage of grazing land and as is blamed for soil erosion 
and desertification, the maintenance of flocks under extensive system is threatened. 
However, Semi-intensive and intensive systems of goat rearing with small flocks are 
gaining momentum. In extensive system of management, the animals are reared on 
poor and degraded grazing lands resulting in low production and reproduction. The 
Osmanabadi breed is suited to all types of rearing systems, the most ideal being the 
semi-intensive system (grazing and closed enclosure) where higher production has 
been observed compared to extensive (grazing system) and intensive systems (Zero 
grazing system).

The knowledge of specific physical characteristics and production efficiency of 
this breed is the need of the hour to avoid indiscriminate breeding and to preserve 
sustainable productivity. Therefore, this review focuses on physical characteristics 
and production performance of Osmanabadi goat in India.

2. History and name of breeds

Osmanabadi goat mainly originated in Tuljapur taluka of Osmanabad District 
and Udgir taluka of Latur district of Maharashtra, both were earlier under the 
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Osmanabad district hence the name Osmanabadi became popular among the farm-
ers. This goat is also known as Deccani. As these districts were earlier included in erst 
while Nizam State of Rule which was popularly known as Deccan State and hence 
the Osmanabadi breed was also synonymed as Deccani. The history of origin of 
Osmanabadi goat breed dates back to 150 years in the breeding tract of Marathwada 
region. The Osmanabad district being named after the Nizam Ruler of Hyderabad 
Deccan Estate Mir Osman Ali Khan the 7th Ruler of Nizam dynasty, hence the goat 
breed being named on the basis of breeding tract and origin from Osmanabad 
district as Osmanabadi (Seeri Hind and Tareekh-e-Khursheed, M. K. Shazli, 1968).

3. Distribution of breeds

The Osmanabadi breed distributed over greater part of central peninsular 
region, comprising the semi-arid areas or sub-tropical zones of Maharashtra, 
Andhra Pradesh and Karnataka states. It covers the major part of southern 
Maharashtra especially Osmanabad, Latur, Nanded, Parbhani, Hingoli, Beed, Jalna 
and Aurangabad district of Marathwada region and adjoining parts of Telangana 
and Karnataka State.

4. Breeding tract and climate

Osmanabad and Latur districts of the Marathwada region of Maharashtra state 
are the breeding areas for Osmanabadi goats [6]. The Osmanabadi breed has also 
been found to migrate to neighbouring areas. The breeding tract comprising Latur 
and Osmanabad districts is spread over 180-05′ to 180-07’ N Latitude and 730-25′ to 
770-25′ E Longitudes and 17035′ 18040’ N Latitude and 75016′ to 76040′ E Longitude 
respectively in the deccean plateau [7]. Latur district is situated at 540 to 638 m 
height from mean sea level. The altitude of Osmanabad district is 600-611 m above 
mean sea level. The tract’s agro-climate condition has been categorised as a subtrop-
ical zone and falls within a scarcity zone. Cereals, oilseeds, and pulses are the main 
crops grown in the Latur and Osmanabad districts, leading to harvests in the Kharif 
and Rabi seasons. The crops taken in Kharif are Jowar (Sorghum bicolar), udid or 
blackgram (Phaseolus mungo), tur or pigeonpea (Cajanus cajan), maize (Zea mays), 
post-monsoon sunflower (Helianthus annuus), Rabi jowar (Sorghum bicolar), wheat 
(Triticum sp.), bengal (Cicer arientium), and safflower (Carthamus tinctorius Linn.) 
in Rabi. The great bulk of the ration for ruminants is Jowar kadbi (Sorghum bicolar). 
In addition, mung or greengram (Phaseolus aureus), udid or blackgram (Phaseolus 
mungo), wheat (Triticum sp.), tur (Cajanus cajan) and groundnut (Arachis hypogea) 
crop residues are also used for animal feeding.

5. Management practices

Raskar et al. [8] was observed that 83.33% goat keepers provided housing only 
during night hours to protect them from the wild animals and theft, whereas 
16.67% goat keepers provided day and night housing. The goats were kept in close 
housing (84.62%) as well as in open housing (15.38%). In case of close housing, the 
roofs were made up of locally available materials like tur straw, jowar straw, sugar-
cane trash, tree leaves, dry grasses (78.21%) and 21.79% goat houses were with tin 
sheds. In open houses the goats were kept under trees, open areas and fenced with 
thorny bushes etc. Majority of the goat keepers (98.72%) used kutcha type of floor 
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in goat houses, while only 1.28% goat keepers provided pucca type of floor in shel-
ter. In small flocks (3-4 animals) there was no separate housing and goats lived with 
the owner and shared the houses. Raskar et al. [8] was found that 73.72% farmers 
constructed the shelters separately, while 26.28% farmers maintained shelter as 
part of their houses to safeguard the animals during night time. The goat sheds were 
mostly half walled (77.56%) and few were full walled (22.44%) with 79.49% well 
ventilation mainly due to higher percentage of half walled structures. In few cases 
(20.51%) structures had poor ventilation (closed structure).

The goat house did not have well drained system for urine (98.72%) and only 
1.28% had the proper drainage for urine, particularly noticed in pucca type of 
flooring structures. Shinde [9] reported 93.04% farmers provided housing for 
Osmanbadi goats during night hours only with 70.44% and 29.56% closed and open 
housing, respectively. It was further revealed that 98.27% had kutcha floors and 
only 1.28% pucca floor provided to the goats. Singh [10] and Gokhale et al. [11] 
reported that 66% of farmers maintained shelters as part of their residence.

6. Physical characteristics

6.1 Coat colour pattern

Osmanabadi goats have different coat colour patterns. According to the colour 
and presence or absence of horns, Osmanabadi goats were classified into five types. 
There is no specific name for these types, except Kali (Black), Morkani (White 
spotted ear), Hondi (Polled). The distribution of goats in surveyed area revealed 
that S1 (Kali) was 62.16%, S3 (Hondi) 17.12%, S2 (Morkhani) 10.68%, S4 (Hondi 
Morkani) 3.09% and proportion of remaining goats having different colour combi-
nations i.e. S5 was 6.95%, [7].

Thus the majority of Osmanabadi goat population was comprised of breed 
sub-type S1 and S3 (79.28%); while the proportion of breed sub-types S2 and 
S4 was comparatively negligible than the first two subtypes. The breed sub-type 
S5 might be developed due to the admixture of different coat colours and breed 
combination in the population. The eyelids and hooves of Osmanabadi goat was 
100% black for all categories of goats studied. Prakash and Balain [7] reported that 
the common colour of Osmanabadi goat was black and a mixture of white and black 
or red. Similarly, Ruben [12] reported that the coat colour of Osmanabadi goats was 
complete black or mixture of black and brown colour. Anonymous [13] recorded 
the distribution of Osmanabadi goats according to different breed sub-types in 
three districts and reported 82.60, 11.19, 2.67, 0.75 and 2.84 percent of the goats in 
the respective five breed sub-types.

The colour of muzzle was found black in 100% goats under survey. Deokar  
et al. [14], Verma et al. [15], Kumar et al. [16] and Kuralkar et al. [17] also observed 
the black colour of muzzle in Osmanabadi, Gohilwadi, Kutchi and Berari goats, 
respectively. It was observed that eyelids and hooves colour in Osmanabadi goat 
was 100% black for all categories of goat studied. Deokar et al. [14] reported 
black colour of eyelids and hooves in Osmanabadi goats, while, Deokar et al. [18] 
reported white colour of eyelids in Sangamneri goats and white (69.12%) and black 
(30.88%) hooves in Sangamneri goats.

6.2 Horn pattern

Horns were noticed in both the sexes in majority (79.54%) of Osmanabadi 
goats while 20.46% goats were polled, [7]. The 100% Osmanabadi goat had grey 

171

The Reproductive Performance of Native Osmanabadi Goat of India
DOI: http://dx.doi.org/10.5772/intechopen.96106

colour of horns. The length of horns in adult goats averaged to 7.48 + 0.52 cm. 
Osmanabadi goats had straight horn (64.40%), while, 35.60% had curved horn, 
[7]. The orientation of horn was mostly backward (48.55%) followed by upward 
(44.17%) and very less downward (7.28%) orientation. Presence of horns in 
both the sexes was also reported in Osmanabadi goat [14], Sangamneri goat 
[18], Jakhrana goat [8] and Surti goat [19]. The straight horn was reported by 
Motghare et al. [20] and Deokar et al. [14] in Osmanabadi as 67.17% and 98.57%, 
respectively, Deokar et al. [18] in Sangamneri (30.68%) and Deshpande et al. [21] 
in Surti (52.45%) goats. Kumar et al. [16] reported curved horn in Kutchi goats, 
while, Verma et al. [15] reported slightly twisted type horn in Gohilwadi goats. 
Motghare et al. [20] reported orientation of the horns in Osmanabadi goat was 
mostly upward (100%). Deokar et al. [14] reported maximum percentage had 
backward orientation (55.22%) followed by upward (36.40%) and only 8.38% had 
downward orientation.

6.3 Head, ear and tail patterns

The ear orientation of Osmanabadi goat was pendulous (drooping) with 
medium length (14.90 ± 0.26 cm), [7]. As regards the orientation of ears of 
Osmanabadi goats in the breeding tract, not a single case of erect ears was 
recorded. However, very few cases of horizontal ears were recorded. Majority of 
Osmanabadi goats had convex forehead (95.24%), [7]. The percentage of absence 
of wattle in Osmanabadi goats was 100%. Likewise the overall percentage of the 
goats not having beard was 100%. This clearly indicated that both wattle and beard 
characteristics were not the common feature of Osmanabadi goats. Deokar et al. 
[14], Deokar et al. [18] and Deshpande et al. [21] reported pendulous ear, convex 
forehead and absence of beard and wattle in majority of cases in Osmanabadi, 
Sangamneri and Surti goats, respectively. Tail pattern in Osmanbadi goat was 
observed as curved (96.27%) and only 3.73% goat has straight tail. Deokar et al. 
[14] reported 99.91% straight tail in Osmanabadi goats.

6.4 Body measurements and body weight

Raskar et al. [8] reported the least square means for height at withers, heart 
girth, body length, ear length, horn length and body weight for 3 months of 
age were 40.69 ± 0.55 cm, 37.61 ± 0.54 cm, 32.08 ± 0.55 cm, 11.69 ± 0.27 cm, 
0.39 ± 0.15 cm and 6.29 ± 0.35 kg, respectively, in Osmanabadi goats. A survey on 
the Osmanabadi goat in its breeding tract was performed by Raskar et al. [8], i.e. 
The Latur and Osmanabad districts of Maharashtra’s Marathwada region. Two 
blocks were selected from each district, namely Latur (B1) and Ausa (B2) blocks 
from the districts of Latur and Tuljapur (B3) and Osmanabad (B4) blocks from 
the districts of Osmanabad, and ten villages were considered from each block. The 
effect of location was significant source of variation for height at withers, chest 
girth, body length, ear length and body weight. DMRT (Duncan’s multiple range 
test) showed that Block B1 goats had higher body weight, chest girth, body length, 
height at withers than goats of the other blocks. The effect of block was significant 
source of variation for body weight, chest girth, body length, height at withers and 
ear length. The least squares mean for height at withers, heart girth, body length, 
ear length, horn length, and body weight for 6 months of age were 55.04 ± 1.11 cm, 
52.67 ± 1.11 cm, 46.36 ± 0.15 cm, 13.36 ± 0.44 cm, 2.91 ± 0.39 cm and 15.49 ± 0.57 kg 
in Osmanabadi goats, [7]. The effect of block was significant source of variation 
for height at withers, chest girth, body length and ear length. Block had significant 
source of variation for all the traits except horn length and body weight. The least 
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in goat houses, while only 1.28% goat keepers provided pucca type of floor in shel-
ter. In small flocks (3-4 animals) there was no separate housing and goats lived with 
the owner and shared the houses. Raskar et al. [8] was found that 73.72% farmers 
constructed the shelters separately, while 26.28% farmers maintained shelter as 
part of their houses to safeguard the animals during night time. The goat sheds were 
mostly half walled (77.56%) and few were full walled (22.44%) with 79.49% well 
ventilation mainly due to higher percentage of half walled structures. In few cases 
(20.51%) structures had poor ventilation (closed structure).

The goat house did not have well drained system for urine (98.72%) and only 
1.28% had the proper drainage for urine, particularly noticed in pucca type of 
flooring structures. Shinde [9] reported 93.04% farmers provided housing for 
Osmanbadi goats during night hours only with 70.44% and 29.56% closed and open 
housing, respectively. It was further revealed that 98.27% had kutcha floors and 
only 1.28% pucca floor provided to the goats. Singh [10] and Gokhale et al. [11] 
reported that 66% of farmers maintained shelters as part of their residence.

6. Physical characteristics

6.1 Coat colour pattern

Osmanabadi goats have different coat colour patterns. According to the colour 
and presence or absence of horns, Osmanabadi goats were classified into five types. 
There is no specific name for these types, except Kali (Black), Morkani (White 
spotted ear), Hondi (Polled). The distribution of goats in surveyed area revealed 
that S1 (Kali) was 62.16%, S3 (Hondi) 17.12%, S2 (Morkhani) 10.68%, S4 (Hondi 
Morkani) 3.09% and proportion of remaining goats having different colour combi-
nations i.e. S5 was 6.95%, [7].

Thus the majority of Osmanabadi goat population was comprised of breed 
sub-type S1 and S3 (79.28%); while the proportion of breed sub-types S2 and 
S4 was comparatively negligible than the first two subtypes. The breed sub-type 
S5 might be developed due to the admixture of different coat colours and breed 
combination in the population. The eyelids and hooves of Osmanabadi goat was 
100% black for all categories of goats studied. Prakash and Balain [7] reported that 
the common colour of Osmanabadi goat was black and a mixture of white and black 
or red. Similarly, Ruben [12] reported that the coat colour of Osmanabadi goats was 
complete black or mixture of black and brown colour. Anonymous [13] recorded 
the distribution of Osmanabadi goats according to different breed sub-types in 
three districts and reported 82.60, 11.19, 2.67, 0.75 and 2.84 percent of the goats in 
the respective five breed sub-types.

The colour of muzzle was found black in 100% goats under survey. Deokar  
et al. [14], Verma et al. [15], Kumar et al. [16] and Kuralkar et al. [17] also observed 
the black colour of muzzle in Osmanabadi, Gohilwadi, Kutchi and Berari goats, 
respectively. It was observed that eyelids and hooves colour in Osmanabadi goat 
was 100% black for all categories of goat studied. Deokar et al. [14] reported 
black colour of eyelids and hooves in Osmanabadi goats, while, Deokar et al. [18] 
reported white colour of eyelids in Sangamneri goats and white (69.12%) and black 
(30.88%) hooves in Sangamneri goats.

6.2 Horn pattern

Horns were noticed in both the sexes in majority (79.54%) of Osmanabadi 
goats while 20.46% goats were polled, [7]. The 100% Osmanabadi goat had grey 
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colour of horns. The length of horns in adult goats averaged to 7.48 + 0.52 cm. 
Osmanabadi goats had straight horn (64.40%), while, 35.60% had curved horn, 
[7]. The orientation of horn was mostly backward (48.55%) followed by upward 
(44.17%) and very less downward (7.28%) orientation. Presence of horns in 
both the sexes was also reported in Osmanabadi goat [14], Sangamneri goat 
[18], Jakhrana goat [8] and Surti goat [19]. The straight horn was reported by 
Motghare et al. [20] and Deokar et al. [14] in Osmanabadi as 67.17% and 98.57%, 
respectively, Deokar et al. [18] in Sangamneri (30.68%) and Deshpande et al. [21] 
in Surti (52.45%) goats. Kumar et al. [16] reported curved horn in Kutchi goats, 
while, Verma et al. [15] reported slightly twisted type horn in Gohilwadi goats. 
Motghare et al. [20] reported orientation of the horns in Osmanabadi goat was 
mostly upward (100%). Deokar et al. [14] reported maximum percentage had 
backward orientation (55.22%) followed by upward (36.40%) and only 8.38% had 
downward orientation.

6.3 Head, ear and tail patterns

The ear orientation of Osmanabadi goat was pendulous (drooping) with 
medium length (14.90 ± 0.26 cm), [7]. As regards the orientation of ears of 
Osmanabadi goats in the breeding tract, not a single case of erect ears was 
recorded. However, very few cases of horizontal ears were recorded. Majority of 
Osmanabadi goats had convex forehead (95.24%), [7]. The percentage of absence 
of wattle in Osmanabadi goats was 100%. Likewise the overall percentage of the 
goats not having beard was 100%. This clearly indicated that both wattle and beard 
characteristics were not the common feature of Osmanabadi goats. Deokar et al. 
[14], Deokar et al. [18] and Deshpande et al. [21] reported pendulous ear, convex 
forehead and absence of beard and wattle in majority of cases in Osmanabadi, 
Sangamneri and Surti goats, respectively. Tail pattern in Osmanbadi goat was 
observed as curved (96.27%) and only 3.73% goat has straight tail. Deokar et al. 
[14] reported 99.91% straight tail in Osmanabadi goats.

6.4 Body measurements and body weight

Raskar et al. [8] reported the least square means for height at withers, heart 
girth, body length, ear length, horn length and body weight for 3 months of 
age were 40.69 ± 0.55 cm, 37.61 ± 0.54 cm, 32.08 ± 0.55 cm, 11.69 ± 0.27 cm, 
0.39 ± 0.15 cm and 6.29 ± 0.35 kg, respectively, in Osmanabadi goats. A survey on 
the Osmanabadi goat in its breeding tract was performed by Raskar et al. [8], i.e. 
The Latur and Osmanabad districts of Maharashtra’s Marathwada region. Two 
blocks were selected from each district, namely Latur (B1) and Ausa (B2) blocks 
from the districts of Latur and Tuljapur (B3) and Osmanabad (B4) blocks from 
the districts of Osmanabad, and ten villages were considered from each block. The 
effect of location was significant source of variation for height at withers, chest 
girth, body length, ear length and body weight. DMRT (Duncan’s multiple range 
test) showed that Block B1 goats had higher body weight, chest girth, body length, 
height at withers than goats of the other blocks. The effect of block was significant 
source of variation for body weight, chest girth, body length, height at withers and 
ear length. The least squares mean for height at withers, heart girth, body length, 
ear length, horn length, and body weight for 6 months of age were 55.04 ± 1.11 cm, 
52.67 ± 1.11 cm, 46.36 ± 0.15 cm, 13.36 ± 0.44 cm, 2.91 ± 0.39 cm and 15.49 ± 0.57 kg 
in Osmanabadi goats, [7]. The effect of block was significant source of variation 
for height at withers, chest girth, body length and ear length. Block had significant 
source of variation for all the traits except horn length and body weight. The least 
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square means for height at withers, heart girth, body length, ear length, horn 
length, and body weight for 12 months of age were 62.45 ± 0.87 cm, 60.03 ± 1.07 cm, 
50.01 ± 1.08 cm, 15.58 ± 0.44 cm, 3.30 ± 0.67 cm and 19.56 ± 0.92 kg, respectively, 
in Osmanabadi goats, [7]. The effect of block was significant source of variation 
for chest girth, body length, ear length and body weight except horn length and 
height at wither. The effect of sex was significant source of variation for chest girth, 
body length and ear length. Raskar et al. [8] observed that the least square means 
for height at withers, heart girth, body length, ear length, horn length and body 
weight for 24 months of age were 71.00 ± 0.87 cm, 70.48 ± 0.91 cm, 58.34 ± 0.93 cm, 
17.18 ± 0.37 cm, 6.51 ± 0.56 cm and 29.50 ± 0.64 kg, respectively, in Osmanabadi 
goats. The effect of block was significant source of variation for height at with-
ers, chest girth body length and body weight except horn length and ear length. 
The effect of sex was significant source of variation for chest girth, body length 
and height at withers. The least square means for height at withers, heart girth, 
body length, ear length, horn length and body weight for 36 months of age and 
above were 73.12 ± 0.61 cm, 74.55 ± 0.67 cm, 62.10 ± 0.67 cm, 17.24 ± 0.24 cm, 
7.48 ± 0.52 cm and 32.77 ± 0.60 kg, respectively, in Osmanabadi goats, [7]. The 
effect of sex was significant source of variation for all traits except ear length. Block 
had significant source of variation for all the traits except chest girth, horn length 
and ear length, whereas colour type had non-significant effect on all the traits in 
adult age group of Osmanabadi goats. Ravimurugan et al. [22] reported higher 
body weight, height at withers, body length, chest girth and horn length in Pallai 
Adu male goat than the female. The mean body height, length, girth and weight of 
Osmanabadi goats indicated that they belong to medium sized goat category. The 
Osmanabadi goat is medium sized meat breed thriving well in tropical wet and dry 
climate.

6.5 Performance

The average age at first kidding and kidding interval is 523 and 214 days respec-
tively. Goats of this breed have very efficient reproduction and in well managed 
flocks [23], with 30% twining and 2% triplets. The daily milk yield ranged from 
700 gm to 1500 gm under well managed village flocks with lactation length of 
130-150 day. Raskar et al. [24] and Sahare et al. [8] found that in Osmanabadi goat 
maintained under farm condition, kidding percentage and twinning ability was 
55.87% and 10.52% respectively.

6.6 Age at puberty

The mean age at puberty was recorded as 349.8 ± 6.9 days and ranged between 
180 and 510 days. Kamble et al. [25] reported similar findings 335.3 ± 13.0 days 
while Lawer et al. [26] reported 219.34 ± 0.72 days pubertal age in Osmanabadi 
goats.

6.7 Weight at puberty

The weight at puberty in Osmanabadi goats occurred when the does attained an 
average body weight of 17.45 ± 0.23 kg, [27]. Smith [28] stated that, Angora goats 
should weigh 32-41 kg before being bred and recommended that breeding should 
be delayed until the animal has attained 60% or more of its adult body weight. 
It was also evident from the study that the age at puberty ranged between 6 and 
17 months and it is highly probable that Osmanabadi goats attaining puberty at an 

173

The Reproductive Performance of Native Osmanabadi Goat of India
DOI: http://dx.doi.org/10.5772/intechopen.96106

early age had a better growth rate resulting in a better body weight cumulating in 
the onset of puberty.

6.8 Gestation period

The average gestation period in Osmanabadi goats was determined as 
152.24 ± 0.24 days and it ranged from 137 to 158 days. The average duration of 
gestation in goats is generally reported as 147-155 days [4]. The gestation period was 
recorded as 150.08 days by Pathodiya et al. [4] and as 146.23 ± 0.49 days by Swami 
et al. [29] in Sirohi goats. In Ganjam goats gestation length was 148.26 ± 0.31 days, in 
Bengal type goats of Orissa it was 146.27 ± 0.37 days and in Ghumsur goats of Orissa 
it was 145.03 ± 0.48 days (Rao and Patro [30]). Mandakmale et al. [31] observed the 
gestation period to be 149.96 ± 0.82 days for Osmanabadi goats under field condi-
tions and Bhusan and Rai [32] found it to be 151.33 ± 1.48 days in Jakhrana.

6.9 Age at first kidding

The first kidding in Osmanabadi goats occurred as early 330 days in some does 
and as late as 650 days in few others [27]. The mean age at first kidding was deter-
mined as 494.4 ± 8.1 days similar to the reports in other breeds [24]. Mandakmale et 
al. [31] observed the age at first kidding of 377.15 ± 2.67 days in Osmanabadi goats 
under field conditions. In Malabari it was observed to be 13.72 ± 0.10 months [33] and 
531 days [34]. In Jamunapari goats first kidding was 700 ± 9.1 days (Rout et al. [35]), 
observed at 23 months (Rout et al. [36]).

6.10 Inter-kidding period

The mean kidding interval in Osmanabadi Does was recorded as 232.62 ± 5.45 
days and ranged between 181 to 310 days, [27]. A similar kidding interval has been 
reported by Markendeya and Devanagare [37] in Osmanabadi goats. Mabari goats 
also appear to have a kidding interval similar to Osmanabadi does [38]. Raghavan 
et al. [33] reported the average kidding interval as 9.47 ± 0.11 months in Malabari 
goat breed of Kerala while Raghavan et al. [34] recorded kidding interval as 315 days 
(Figures 1 and 2; Table 1).

Figure 1. 
Pure Osmanabadi breed (A) Osmanabadi Buck and (B) Osmanabadi doe.



Landraces - Traditional Variety and Natural Breed

172

square means for height at withers, heart girth, body length, ear length, horn 
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Adu male goat than the female. The mean body height, length, girth and weight of 
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17 months and it is highly probable that Osmanabadi goats attaining puberty at an 
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goat breed of Kerala while Raghavan et al. [34] recorded kidding interval as 315 days 
(Figures 1 and 2; Table 1).
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7. Conclusion

Generally, various factors such as genetic, development systems and man-
agement practices have influenced the productive and reproductive success of 
indigenous goats. The following recommendations have been forwarded from the 
aforementioned conclusion:

1. The ability to better adjust the climate for indigenous goat breeds; a regulated 
crossbreeding and selection policy should be established in line with the con-
servation of local adaptive characteristics of the breeds.

2. In particular, farmers should be provided with training and knowledge to 
increase the reproductive output of goats and farmers’ livelihoods through 
improved management practises.
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Sr.No. Traits Average Source

1 Age at Puberty 335.3 ± 13.0 Kamble et al. [25]

2 Age at First service 370 ± 14 Kamble et al. [25]

3 Age at First Conception 233.02 ± 0.89 Lawar et al. [26]

4 Age at First Kidding 0.081 ± 0.010 Patil et al. [38]

5 Kidding Interval 0.0317 ± 0.098 Patil et al. [38]

6 Gestation Period 0.292 ± 0.086 Patil et al. [38]

Table 1. 
Average reproductive performance of Osmanabadi goats.

Figure 2. 
Osmanabadi doe with its four kids.
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Abstract

This chapter deals with the study of extranuclear hereditary material and the 
possibilities of using it to maintain endangered animal breeds. The chapter char-
acterizes mtDNA, presents its genes and their functions, while also emphasizing 
the hypervariable control region. It reports on the results of previous researches, 
referring to international publications. It sheds light on promising areas of mitoge-
nomic research. It shows the maternal genetic background of local native varieties 
according to the results of the study of available country/geographical region. 
It deals with reasons for endangerment and the arguments for preservation of 
autochthonous breeds. In addition, it gives place to discuss some exciting profes-
sional concepts in rare breed preservation.

Keywords: mitogenome, sheep, genetic diversity, haplogroup, haplotype,  
breed preservation, maternal lineages, within-family selection

1. Introduction

For our domesticated animals, their domestication history has long preoccupied 
professionals. Substantially earlier evolution of domesticated species is also an area 
of research.

In the case of the horse, from the Phenacodus onwards, the last 60 million years 
have been exceptionally well known through a chain of transitional species, some-
times separations.

The phylogeny of family Bovidae (e.g., cattle, sheep, and goats) is less resolved. 
Here, the Hypertragulidae appeared as the first identifiable primitive ancestor 
around 50 million years ago (Mya) in Southeast Asia [1]. The complex, functional 
stomach developed about 40 million years ago. The molecular dating applied to 
cytochrome b gene, which is located in mitogenome showed that the separation of 
the sub-family Caprinae occurred 6.2 ± 0.4 million years ago, but there are proposed 
earlier radiation from about 14 Mya [2]. The Myotragus, which is basal to the Ovis 
clade within sub-family Caprinea stood out 5.35 million years ago.

In regard of evolutionary questions, besides nuclear microsatellites [3], SNPs 
[4], retrovirus integrations [5], and Y chromosomal mutations [6] mitochondrial 
DNA (mtDNA) represents a very informative genomic element. At the same time, 
this part of the hereditary material can also be efficiently used to better under-
stand domestication. Nowadays, the study of mtDNA plays a role in the genetic 
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characterization and differentiation of our animal species living with us. Looking to 
the future, we can believe that this will be essential for the conservation of genetic 
resources and preservation of endangered autochthonous animal breeds all over 
the world.

2. Mitochondrial hereditary material

2.1 Small circular genome

Majority of animal DNA as genetic information (about 3.3x109 base pairs) is 
stored in chromosomes within the cell nucleus. However, a minor part of DNA 
is located in chromosomes of mitochondria, outside the nucleus, in the cytosol. 
The circular mitochondrial genome is also built up of double-stranded DNA like 
nuclear genome, and consists of about 16,500 base-pairs. It is a semi-autonomous 
asexually reproducing genome in eukaryotic organisms [7]. Mitochondria are late 
descendants of free-living bacteria capable of metabolizing oxygen maintained by 
endosymbiosis in eukaryotic cells.

The mitochondrial DNA (mtDNA) which is not enveloped like nuclear DNA in 
chromosomes, is located in the mitochondrial matrix which can be found inside 
the inner mitochondrial membrane. The outer compartment of a mitochondrion 
is surrounded by the outer and inner membrane. The outer membrane contains 
porins through which smaller or larger proteins can enter the mitochondria. While, 
the inner mitochondrial membrane has all the elements of the electron transport 
system and the ATP synthase complex [8].

Considering that a cell has multiple mitochondria, and that a mitochondrion 
carries multiple copies of its own genome as opposed to the nuclear genome, the 
difference between the two remains significant.

2.2 High mutation rate

The mitochondrial genome or mitogenome mutates more frequently (approx. 
100 times more often) than nuclear ones causing divergence in mtDNA at within-
mitochondrion and between-mitochondrion level. Therefore, the mitogenome can 
be considered heterogeneous and heteroplasmic homoplasmic instead.

Little is known about the movement and segregation of mitochondrial DNA 
during mitotic growth or meiotic divisions. When a cell divides, mitochondria 
enter the progeny cells at random. If the DNA of the mitochondria of the dividing 
cell differs for several mitochondria, it is possible that the two daughter cells will 
receive the same genetic information, but it is also conceivable that they will not. 
Thus, it is hard to estimate the outcome of the transfer of genetic information, 
including defects. The random mutations that occurred further complicate that 
situation.

Because of the constantly frequent mutation rate of mitogenome, it has been 
widely used as a phylogenetic marker for both cladogram building and molecular 
dating. Brown et al. [9] first implemented the mitochondrial molecular clock in 
primates using fossil data. According to that work, scientists considered the 2% 
substitution rate per one million year as a reasonable reference in case of miss-
ing of relevant fossil data in vertebrates [10]. Since then, studies (e.g. [11]) have 
reported significant differences between species, it was found that because of the 
not fully clock-like evolution of the species the mtDNA mutation rate is of limited 
use in a comparison. The median (from 3 to 14.3 million years) of divergence dates 
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between species are not related to body mass or generation interval [12]. However, 
Galtier et al. [13] found a proven correlation between mutation and longevity, 
which is closely related to the generation interval, and suggested a low (somatic) 
mutation rate could be responsible to achieve long life, in concordance with the 
mitochondrial theory of ageing. According to Song et al. [14] mitochondria may 
have a nucleotide imbalance that leads to higher mitochondrial DNA mutation 
rates. Their research suggests increased dGTP (deoxyguanosine triphosphate) level 
in free deoxynucleotide triphosphate (dNTP) pool which increases the rate of T to 
C substitutions.

2.3 Maternal inheritance

The offspring receive mostly mtDNA from the maternal ooplasm (sometimes 
this material from the sperm can also be included), but in the adult embryo only the 
maternal mtDNA remains functional. So, mitochondrial inheritance is considered as 
clonal or maternal, as one of the cases of uniparental inheritance. Paternal mtDNA, 
even if it enters the ovum, loses its function before (in crayfish [15]), during (in 
Ascidia [16]) or after (in mouse [17]) fertilization. That condition prevents an 
effective recombination. However, the paternal inheritance of mtDNA was displayed 
by Zhao et al. [18], what is to show the mtDNA patterns of progeny were identical to 
that of its male parent. Systematic surveys of within-species mtDNA data revealed 
departure from the clonality assumption in several species [19]. These prove that 
mitochondrial recombination is possible, and caution when in constructing and 
interpreting within-species mtDNA genealogies [20].

Thus, mtDNA testing can reveal the maternal background of individuals; which 
maternal lineage of mitochondria they belong to. But, of course, it can also be used 
to prove maternal kinship. Mitochondrial DNA sequencing has gained significance 
also in human rights cases [21].

It was observed that some characteristics (e.g. behavioral) do not follow 
Mendelian segregation. If a trait is such, it is either polygenic or extranuclear.

2.4 Perspectives of mtDNA research

Mitochondrial gene content is strongly conserved across animals, with very few 
duplications, no intron, and very short intergenic regions [22]. At the same time, 
mitogenome also contains a very limited presence of non-coding regions, approxi-
mately 3%, as opposed to nuclear DNA, where its proportion is 93%. These highly 
variable non-coding regions (e.g. the control region) are typically flanked by highly 
conserved ones (e.g. ribosomal DNA). The elevated mutation rate of highly variable 
regions creates the condition for monitoring the population history over relatively 
short time frames.

One of the perspectives of mitogenome research is therefore the discovery of 
mitochondrial genetic disorders (next to accelerated ageing, neurodegenerative 
disease, cancer, diabetes), and the study of their mechanism of action (e.g. [23]).

Another promising area is the mapping of evolutionary branches and the deter-
mination of the more precise taxonomic location and movement of different species 
(including humans [24]). Mutations will be passed over into all maternal progenies 
homoplasmic making individuals of a maternal lineages the same in mitogenome, 
especially, when they share entirely homoplasmic mitochondrial pool.

For the third time, it is worth mentioning the unfolding of the microevolutionary 
web of our domesticated animals and the knowledge of the origin (at the same time 
geographical) of the breeds that have developed today (e.g. [25]).
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3. Non-coding and coding region on mtDNA

3.1 Control region

On the circle of the mtDNA, there is a specialized sequence, called control 
region (CR), and also called D (displacement)-loop because of its peculiar pro-
trusion. The CR is made up of a triplex DNA structure at the site of origin of the 
heavy strand. This region is critical for the initiation of transcription and  
translation [7].

Zardoya et al. [26] determined the nucleotide sequence of the sheep mitochon-
drial DNA CR and its flanking tRNA genes. They found that several conserved 
motifs characteristic mammals have been identified along the 1189-bp sequence of 
the sheep control region: ten termination-associated sequences (TASs) and one con-
served sequence block (CSB-1). CSB-2 and CSB-3, which are frequently determined 
in most species, are not present in the sheep CR, which shows instead a short direct 
repeat at their usual localization.

The CR contains hypervariable sites (mutational hotspots). This unstable seg-
ment gives the basis for dating estimation in many mammalian species. However, 
according to some authors (e.g. [27]) the high occurrence of recurrent mutations 
may bias dating estimates. Also within the sheep species, according to Pedrosa et al. 
[28], the time of separation of haplogroups is significantly earlier if hypervariable 
CR is taken into account. Researches on human mtDNA raise the concerns that 
focusing exclusively on CR can be inadequate [29].

3.2 Genes

A total of 37 genes of mtDNA are coding 2 ribosomal RNAs, 22 transfer RNAs, 
and 13 mitochondrial proteins as well in mammals. The latter, without exception, 
direct cells to produce protein subunits for enzyme complexes of the oxidative 
phosphorylation system. Mitogenome has a very similar conservative nucleotide 
sequence in all organisms.

A meta-analysis study [30] of over 1500 animal species revealed that the average 
within-species level of mtDNA diversity per se is remarkably similar across animal 
phyla. Reason for that is a recurrent selective sweeps which would affect mtDNA 
evolution in species causing frequent drops in diversity at the whole genome level. 
Based on that hypothesis and being high conservative gene dense, according to 
the report of Galtier et al. [31] mtDNA is by and large not the satisfactory marker 
of molecular diversity and representation of population history. After that, it may 
come as a surprise the most popular marker of molecular diversity in animals, a 
mitochondrial fragment, COX1, was recently elected as the standardized tool for 
molecular taxonomy and identification [32].

Some genes even overlap. In the mitochondrial genome, some triplet codons may 
be the final stage of one gene but also (in a functional overlapping) the initial stage 
of the next gene. Another feature is that the mtDNA is transcribed from several 
structural genes to the messenger RNA at the same time. Thus, large mitochondrial 
mRNAs contain instructions for the synthesis of different proteins. The inheritance 
of the extranuclear genes are independent of nuclear genes, but, they interact 
with each other in function. The mitochondrial genome is not able to produce all 
the proteins required for phosphorylation on its own, so mitochondria are highly 
demanding of gene products produced by the nuclear genome.

Investigation of Rocky Mountain bighorn sheep (O. canadenesis, [33]) revealed 
16,466 bps, with about 40% GC content. Further on, it confirmed also the bighorn 
sheep mitochondrial genome has 22 tRNA genes, 2 rRNA genes (12S and 16S), and 
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13 respiratory genes (ATP6, ATP8, CYTB, COX1, COX2, COX3, ND1, ND2, ND3, 
ND4, ND4L, ND5, and ND6). Comparison of the genome of bighorn sheep with the 
genome sequence of other sheep showed 99.6% identity, indicating the separation 
of the bighorn 3 million years ago from the sheep living at that time.

Higher mutation rate of mtDNA will cause increased rate of genetic diseases of 
mitochondrial origin [34]. Therefore, such diseases are also all of maternal origin. 
Males can be carriers of a given genetic defect and can be affected by its manifesta-
tion, however, they are not responsible for transmitting that disease into their 
progenies.

Since mitochondria acts as the powerhouses of cells, tissues that have high 
energy demands (brain, retina, skeletal muscle, and cardiac muscle) are particu-
larly vulnerable to the harmful consequences of mutation. As an inherent part of 
energy production, mitochondria create reactive oxygen species (ROS) as well 
which is seen to cause further mitochondrial mutations. Elevated levels of ROS 
negatively affect cellular metabolism, thereby accelerating the cell ageing process 
and increasing the likelihood of cell death. Symptoms of mitochondrial diseases in 
humans can usually include: poor growth; muscle- weakness, pain, low tone, exer-
cise intolerance, and movement disorders; vision and/or hearing problems; learning 
disabilities and mental retardation; autism and autism-like features; heart-, liver- or 
kidney diseases; gastrointestinal disorders, swallowing difficulties, diarrhea or 
constipation, unexplained vomiting, and cramping, reflux; diabetes; increased risk 
of infection; neurological problems, seizures, migraines; strokes; thyroid problems; 
respiratory (breathing) problems; lactic acidosis; dementia [35]. Fortunately, next-
generation sequencing techniques have substantially improved genetic diagnosis.

Individuals resulting from cloning procedures (nuclear transplantation or somatic 
cell fusion, [36]) are heteroplasmic. The initial heteroplasmic stage of chimeric 
offspring cell turns usually into homoplasmy with prevailing mitochondria of the 
host oocyte [37]. It is likely that heteroplasmy of mitochondrial genomes will be 
terminated by selective elimination of donor or recipient mitochondria by chemical 
or other means. Establishing biotechnical approaches allows women with mito-
chondrial diseases to have reproductive options. Recent advances in these including 
in vitro fertilization techniques with mitochondrial donation, will serve as a solution 
in the future [38].

Mutation in mtDNA-coded ribosomal RNA, called RNR1 indicates the pres-
ence of an environmental effect. That mutation causes deafness in children, but 
the clinical symptoms of the deafness are related to the administration of certain 
antibiotic type [39].

The percentual manifestation (penetrance) of a mitochondrial disease in males 
and females differing from the expectations points to the likely involvement of 
other (nuclear) genes and environmental factors. Leber hereditary optic neuropathy 
(LHON) is an example for mitochondria-associated disorders which is manifested 
in loss of vision [40].

First reported Pal et al. [41] the association of cytochrome b (Cyt b, CYTB) gene 
with disease traits in sheep. Mutations of Cyt b gene (non-synonymous substitu-
tions: F33L and D171N) interferes with the site of heme binding domain and cal-
cium binding essential for electron transport chain causing anemia, malfunctioning 
of most of the vital organs. This discovery raises the possibility that the sheep may 
come into play as a model of man.

Results of Reicher et al. [42] revealed ovine mitogenome genetic variation in 
protein- and tRNA coding genes (26 and 8 mutant sites, respectively) and empha-
size that sequence variation is associated with ewe prolificacy.

Yüncü et al. [43] tested the restriction fragment length polymorphism (RFLP) 
method (applied to CR) and the single strand conformational polymorphism 
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13 respiratory genes (ATP6, ATP8, CYTB, COX1, COX2, COX3, ND1, ND2, ND3, 
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First reported Pal et al. [41] the association of cytochrome b (Cyt b, CYTB) gene 
with disease traits in sheep. Mutations of Cyt b gene (non-synonymous substitu-
tions: F33L and D171N) interferes with the site of heme binding domain and cal-
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protein- and tRNA coding genes (26 and 8 mutant sites, respectively) and empha-
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Yüncü et al. [43] tested the restriction fragment length polymorphism (RFLP) 
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(SSCP) method (applied to NADH dehydrogenase subunit 2 and 4) for reliability 
in haplogroup classification. Among these the SSCP analysis of NADH dehydroge-
nase subunit 2 exhibited the highest discrimination power among these. Starting 
with that, authors advice a stepwise screening, when whole sequencing is not easy 
available.

4. Mitochondrial investigation in sheep

4.1 Whole mitogenome

Over the half (58%) of the mitogenome was completely (included CR and 
CYTB, ND2, ND3, ND4L, COX3, and 12 tRNA genes, and the origin of L strand 
replication), and partially (12S and 16S rRNA and an additional six protein coding 
and six tRNA genes) analyzed by Hiendleder [44]. In that research, the CRs and 
the coding regions shown 4.34% and 0.44% divergence in the comparison of sheep 
haplogroup A and B, respectively.

Table 1 represents the complete mtDNA molecular sequencing of the domestic 
sheep (Ovis aries) achieved by Hiendleder et al. [45]. The length of the complete 
ovine mtDNA presented is 16,616 nucleotides (nt), which length is variable, due to 
heteroplasmy caused by the occurrence of different numbers of a 75-nt-long tandem 
repeat in the CR. The majority of domestic sheep contained four copies of that 75 bp 
repeat unit in work of Meadows et al. [46] resulting in a mitogenome of 16,616 or 
16,620 bps.

Using 14 restriction enzymes Hiendleder et al. [47] evaluated haplotypes of 
restriction fragment length polymorphisms (RFLP) based on pairwise nucleotide 
sequence divergence between haplotypes, and proved that the domestic sheep come 
exclusively from Ovis orientalis.

Sanna et al. [48] reported the first complete mitogenome of the (Ovis gmelini 
ophion), and compared to the known five mitochondrial haplogroups. They sug-
gest that the Cyprus Mouflon, a feral variant of domestic sheep diverged from urial 
(O. vignei) and argali (O. ammon) about 0.89 and 1.11 million years ago.

Lv et al. [49] performed a meta-analysis using complete and partial mitoge-
nomic sequences. They suggest sheep individuals migrating east from Fertile 
Crescent on the Mongolian Plateau region may have formed another centre for the 
further spread of domestic sheep 3–5 thousand year B.C., at the same time extend-
ing the haplogroup C.

The complete mitochondrial genome provides complex information for knowl-
edge of phylogeography and population genetics in sheep. The mitochondrial 
genomes of several breeds of domestic sheep (Ovis aries) have now been mapped by 
Davenport et al. [33].

4.2 Examination of fossils

The sheep (Ovies aries), together with the dog are the earliest domesticated 
animal species, and had remarkable role in the life of ancient societies. Sheep were 
domesticated around 7–9 thousand years B.C. in the area of the Fertile Crescent. 
Demirci et al. [50] found a time-dependent change in the incidence and proportions 
of haplotypes in Anatolia. Ancient samples showed the presence of haplogroup E 
(3%) in the Bronze Age and the presence of haplogroup C (6%) in the Hellenistic 
age, while haplogroups A and B were continuously present (with nearly 50–50 
percent).
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Feature From To Size Start 
codon

Stop 
codonb

3′ spacer

tRNA-Phe 1 68 68

12S rRNA 69 1,026 958

tRNA-Val 1,027 1,093 67

16S rRNA 1,094 2,667 1,574

tRNA-Leu (UUR) 2,668 2,742 75 AA

NADH1 2,745 3,700 956 ATG TAa

tRNA-Ile 3,701 3,769 69

tRNA-Gln (L) 3,767 3,838 72 AT

tRNA-Met 3,841 3,909 69

NADH2 3,910 4,951 1,042 ATA Taa

tRNA-Trp 4,952 5,018 67 A

tRNA-Ala (L) 5,020 5,088 69 A

tRNA-Asn (L) 5,090 5,162 73

Origin of L-strand 
repl.

5,163 5,194 32

tRNA-Cys (L) 5,195 5,262 68

tRNA-Tyr (L) 5,263 5,330 68 C

COI 5,332 6,876 1,545 ATG TAA

tRNA-Ser (UCN) (L) 6,874 6,944 71 TAAAC

tRNA-Asp 6,950 7,017 68 T

COII 7,019 7,702 684 ATG TAA AAT

tRNA-Lys 7,706 7,773 68 T

ATPase8 7,775 7,975 201 ATG TAA

ATPase6 7,936 8,615 680 ATG TAa

COIII 8,616 9,399 784 ATG Taa

tRNA-Gly 9,400 9,468 69

NADH3 9,469 9,815 347 ATA TAa

tRNA-Arg 9,816 9,884 69

NADH4L 9,885 10,181 297 ATG TAA

NADH4 10,175 11,552 1,378 ATG Taa

tRNA-His 11,553 11,621 69

tRNA-Ser (AGY) 11,622 11,681 60 A

tRNA-Leu (CUN) 11,683 11,753 71

NADH5 11,754 13,574 1,821 ATA TAA

NADH6 (L) 13,558 14,085 528 ATG TAA

tRNA-Glu (L) 14,086 14,154 69 ACTA

Cyt b 14,159 15,298 1,140 ATG AGA CAA

tRNA-Thr 15,302 15,371 70
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Dymova et al. [51] carried out archeological mitochondrial DNA D-loop frag-
ment analysis based on about 4,000–1,000 years old sheep bone remains in Altai. 
They found all the previously determined haplogroups (A, B, C, D and E lineages). 
That richness of diversity led them to conclude that the Altai region had been a 
migratory area for many sheep and peoples in the past.

Study of Horsburgh and Rhines [52] evaluating sheep finds excavated in a South 
African Neolithic Age cave shown their assignation to haplogroup B.

In comparative study of samples dated primarily by archeological context and 
ranged from Late Bronze Age, through Iron Age to post-medieval period Rannamäe 
et al. [53] identified four novel ancient haplotypes specific to Estonia (H3, H4, H5 
and H9), and haplogroups A and B in a ratio of one to two.

4.3 Displacement-loop

Mitochondrial displacement-loop (D-loop), called also as control region (CD) is 
a frequently investigated sequence in researches, also in sheep.

Divergence times estimated for types B and A (which was about 1.5–0.45 Mya) 
can be overestimated when it is based solely on hypervariable sequence of CR 
[54]. In regard of calibrating a molecular clock, the consideration of the codifying 
cytochrome b gene seems to be more accurate. To eliminate the distortive effect 
(known heteroplasmic behavior) of CR the repeat unit located within the CR region 
was removed before phylogenetic inference made by Meadows et al. [46].

The purpose of sequencing is, in addition to the genetic characterization of 
a given breed (population), to compare its genetic material to genetic material 
of other already sequenced breeds (GenBank sequences). Thus, we try to get an 
answer to the origin of the given breed and its genetic relatives. This is important 
when studied in the former natural range of the sheep species (primarily Asia, 
then Europe and Africa), but it is also important on the continents (America and 
Australia) where sheep individuals later entered with migrants.

For example, based on the CR, Annus et al. [55] confirmed the common origin 
of the Hungarian Tsigai with European sheep after finding that they are belonging 
to the haplogroup B (with the exception of 6% to the haplogroup A). An example of 
the latter case is the evaluation of the Mexican Creole sheep carried out by Alonso et 
al. [56], which revealed a narrow Iberian maternal origin.

Lancioni et al. [57] discovered relationships of the three Italian Merino-derived 
sheep breeds, and obtained that these are representatives of the predominant 
haplogroup B (99%). Since almost all the animals are carrying an own individual 
haplotype these are characterized with a diverse genetic background. On the other 
hand, this processing gives an example of how, despite upgrading (with Merino), 
the maternal background (Appeninica) is clearly discernible.

Feature From To Size Start 
codon

Stop 
codonb

3′ spacer

tRNA-Pro (L) 15,371 15,436 66

Control region 15,437 16,616 1,180
aNucleotide number 1 is the 5′ end of the tRNA-Phe-specifying gene. Anticodons for the two tRNA-Leu and the 
two tRNA-Ser are given in parentheses. (L) denotes light-strand sense. Positions include the 58 and 38 nt of each 
feature. ATPase6 and ATPase8, genes encoding subunits 6 and 8 of ATPase; COI-III, genes encoding subunits I–III of 
cytochrome c oxidase; Cyt b, gene encoding cytochrome b; NADH1–6, genes encoding subunits 1–6 of nicotinamide 
adenine dinucleotide dehydrogenase.
bIncomplete stop signals are denoted by lowercase letters.

Table 1. 
Features of the Ovis aries mitochondrial genomea [45].
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4.4 Cytochrome b gene

It was observed cytochrome b (Cyt b) gene is also quite mutable than other 
mtDNA coding regions. For this reason, phylogenetic studies have used that marker 
too to investigate the genetic relationships among breeds. By use of cytochrome b 
gene and displacement-loop together or individually, like before, five haplogroups 
of sheep can be distinguished from each other [46].

In the phylogenetic sequence analysis based on cytochrome b gene Bunch  
et al. [58] revealed an about 3.12 million yearlong evolution of true sheep (Ovis). 
On the course of its evolutionary history there have been three major genetic 
groups developed. Foremost, the Argaliforms (Ovis ammon, 2n = 56) and 
Moufloniforms (Ovis musimon or O. orientalis, 2n = 54, and Urial/Ovis vignei 
2n = 58) diverged from the initial ancestral stock 2.3 million years ago and spread 
on Eurasian continent. The domestic sheep (Ovis aries, 2n = 54) descend solely 
from O. orientalis. Second, the snow sheep group (Ovis nivicola, 2n = 52) as a 
variant of Pachyceriforms took their own shape in Eastern Asia from about 1.96 
million years ago, then the other variants of Pachyceriforms (O. canadiensis, 
2n = 54; O. dalli, 2n = 54) separated from them at about 1.41 million years ago, 
and evolved further in North America. Argaliforms are represented by only one 
species, O. ammon. The ancestral karyotype had 2n = 60 chromosomes. During 
the evolutionary development of variants of the species, also acrocentric fusions 
of chromosomes are observed.

According to the initial studies (e.g. [59, 60]) haplogroup A predominates in 
Asian sheep, while haplogroup B predominates in European sheep. Nevertheless, 
haplogroup C seems to have a wide geographical distribution [61]. Pedrosa et al. 
[28] and Chen et al. [61] suggested the divergence time of haplogroup C from 
haplogroup A and B to be approximately 0.42–0.76 million year ago and approxi-
mately 0.45–0.75 Mya from the analysis of control region and Cyt b gene sequences, 
respectively. However, a study of Meadows et al. [46] using 12 protein-coding genes 
of mtDNA puts the separation between the haplogroups less early (0.59–1.17 Mya 
between A and B, and 0.26–0.09 Mya between C and E.

4.5 ND5 gene

Tserenbataa et al. [62] collected 71 argali sheep (O. ammon) samples from three 
main geographical regions of Mongolia, and additionally from Kazakhstan and 
Kyrgyzstan. Based on the sequenced 556 bp of the mitochondrial ND5 gene. They 
differentiated 17 haplotypes which were differed far from each other by transitional 
substitutions in most of the cases. Nucleotide diversity was low within the three 
regions from Mongolia (π = 0.0029) compared to Kazakhstan and Kyrgyzstan. 
While the variance occurred within populations was as much as 85.76%. Finally, 
the use of mitochondrial ND5 gene provided an opportunity to detect divergence 
between the Altai and Gobi, and Altai and Khangai populations at a significant 
level.

4.6 Haplogroup dispersion

For phylogenetic relationship between mitochondrial haplogroups of domestic 
sheep Meadows et al. [46] observed the greatest distance between B and C (nucleo-
tide difference, D = 163.5), closely followed by B–E and C–D (D = 162.0, identi-
cally). The lowest number of nucleotide differences was 93.0 and 58.5 between 
A and B, and C and E, respectively. Table 2 reveals the genetic distance between 
domestic sheep haplogroups in addition to Urial, Argali to us.
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The distinct haplogroup diversity of sheep mtDNA is comparable with what is 
observed in goats and cattle, although the divergence of sheep haplogroups is less 
pronounced than the taurine–zebu divergence [63]. Also, sheep haplogroups show 
little association with the geographical origin, in contrast to bovine haplotypes. A 
given sheep haplogroup can assume several regions of origin, or the coexistence of 
several different maternal lineages in a domestication centre can be suspected.

4.6.1 Haplogroups A, B, C, D, and E in Asia

In a today phylogenetic study of Ganbold et al. [64] revealed three haplogroups 
(A, B, and C) in Mongolian native sheep. The Mongolian Plateau, as mentioned 
above played a determining role in the arrival of sheep in eastern Asia. And, as a 
consequence of it, they observed a small genetic differentiation between breeds 
from Mongolia and China.

The Moghani sheep of Iranian plateau was identified in haplogroup A [65].
Haplogroups D and E are the least frequent and have only been identified in 

samples from Turkey and the Caucasus [66, 67]. Slowly, haplogroup E was detected 
also in Iran [68]. In a paper of Liu et al. [69], the proportion of haplotypes of lineage 
D was 0.157% in Tibetan sheep, further demonstrating that lineage D is the rarest 
of the mtDNA lineages.

4.6.2 Haplogroups A, B, C, and D in Europe

Haplogroup B is scattered in numerous countries of Europe (e.g. [57, 70]. The 
haplogroup B seems to be expanded around 6,400 years ago and reached Western 
Europe before the haplogroup A [48].

Within Europe haplogroup C has been found, so far, only on the Iberian 
Peninsula (in Portugal [71] and in Spain [72]) and in the southern countries of the 
Balkan Peninsula (in Albania and Greece [73]. Haplogroup D is present in Italy in 
breeds Bergamasca and Laticauda [74].

4.6.3 Haplogroups B and C in Africa

Haplogroup B is also dominant in Africa as it was revealed in some today 
publications: in Benin in breed Djalonke [75], in Mauritania in breeds Peul and 

HA HB HC HD HE Mouflon Urial Argali

HA — 0.57 0.93 0.75 0.90 0.58 2.19 2.53

HB 93 — 1.01 0.81 1.00 0.07 2.31 2.59

HC 150.5 163.5 — 1.00 0.36 1.00 2.33 2.65

HD 122.5 131.5 162 — 0.98 0.81 2.27 2.61

HE 147 162 58.5 159.5 — 0.98 2.30 2.63

Mouflon 94 11 162.5 131.5 160 — 2.31 2.60

Urial 357.7 377 380.3 370.5 375.7 377.3 — 2.32

Argali 413 423 433 425.5 429 424 379 —

The average number of nucleotide differences (D) is given below the diagonal and nucleotide substitutions per site 
(K, given as a percentage) are given above the diagonal for the full mitochondrial sequence after removal of both 
indels and the repetitive component of the control region.

Table 2. 
Genetic diversity observed between domestic and wild sheep mitogenomes [46].
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Touareg [76], in Somalia and Kenya in Red Massai and Blackhead, respectively 
[77], and in Egypt in Barki and Ossimi breeds [78].

Ghernouti et al. [79] found thin-tailed Arabic breeds in Algeria belong to 
haplogroup B (87%) and C (13%). Authors believe the presence of haplogroup C in 
breed Ouled Djellal is a proof of the Middle Eastern origin of that breed. The hap-
lotype C, also identified in Egyptian breeds is in agreement with the assumption of 
early spread in sheep [78]. Studying the Siroua sheep in Morocco two haplogroups 
(haplogroups B and C) were also identified by Kandoussi et al. [80] with a pre-
dominance of haplogroup B.

4.6.4 Haplogroup B in America

Analyzing mtDNA control region of 40 unrelated domestic sheep in Mexico, 
Campos et al. [81] revealed 31 different haplotypes with 74 polymorphic sites. The 
phylogenetic analysis identified all Mexican sheep as belonging to haplogroup B. 
Sheep from other American regions (Brasilia and Cuba) in that analysis made sure 
the high frequency of an ancestral haplotype (h15) in Ibero-American countries as 
well.

Revelo et al. [82] identified the Creole sheep as exclusive haplogroup B, and 
justified that the two seriously different types of Creole sheep (wooly and hairy) of 
Colombia descent from an Iberian and an African ancestor.

4.6.5 Haplogroup A and B in Australia

Hiendleder et al. [54] suggest that the high frequency of haplogroup A (beside B) 
in New Zealand resulted from early imports of fat-tailed Indian sheep (beside mou-
flon specimens) into Australia in accordance with the sheep stream hypothesis.

4.7 Haplotype diversity

With the third of the aforementioned goals of mitochondrial research, we can 
relate that subchapter the most. In characterizing the haplotypes of the breeds 
and comparing them with each other, CR may fulfill the expectations placed on it. 
Going further, CR can also gain ground in research into the genetic structure of the 
breed (sub-breed, variety, family).

D-loop of two Tibetan sheep breeds was analyzed by Wang et al. [83]. The length 
of the D-loop sequences varied considerably (between 1,107 bp and 1,259 bp) 
according to the copy numbers of a 75 bp tandem repeat located from 640 bp to 
1,140 bp. That variability was most characteristic for haplogroup C, less so for A 
and B. Fu’s test showed that the populations had not been expanded historically 
(0.10 > p > 0.05). Results are useful for the conservation and utilization of Chinese 
sheep genetic resources.

In randomly collected samples of four Nigerian breeds 96 haplotypes were 
observed with a high mean haplotype diversity of 0.899 ± 0.148. The high percent 
of variation (99.77) found by Agaviezor et al. [84] within populations indicates 
common origin of these breeds. However, the evolutionary divergence of the breeds 
(Yankasa, West African Dwarf, Balami, and Uda) based on mitochondrial DNA 
D-loop sequence may be coincident with their geographical distribution in Nigeria.

Arora et al. [85] compared 19 Iranian sheep breeds in their extended CR study. 
They confirmed the majority of the breeds belong to haplogroup A solely, and five 
breeds appear with of haplogroup B as well. Both haplogroups show unimodal pat-
terns of mismatch distribution curves, and the significant minus FS statistics values 
indicate population expansion in Indian sheep population.
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The control region of mtDNA showed polymorphisms at 32 sites in the 
Hungarian Cikta evaluated by Kovács et al. [86]. However, herds shared 24 poly-
morphic sites, so the maternal background of the Cikta appears to be genetically 
uniform. The total number of haplotypes were 13, furthermore, most of the samples 
belonged to the haplogroup B of sheep. The average number of pairwise differences 
(k) and the average nucleotide diversity (π) were 6.863 and 5.95 × 10–3, respec-
tively. The values of the Cikta population were not significant (p < 0.10) neither by 
the Tajima D-test (0.107) nor by Fu’s Fs statistics (2.533), meaning that the greatly 
reduced population size of the breed known from the breed history did not cause 
genetic drift, it is in genetic equilibrium regarding its ancient families. The Cikta 
shown some degree of genetic narrowing based on Cyt b gene [87]. However, the 
average number of pairwise nucleotide differences is relatively high, which indi-
cates different genetic characteristics of the families occurring in the farms.

Kusza et al. [88] investigated the two variants of Wallachian sheep by country 
sequencing 599 bps of the D-loop region. They isolated altogether, 42 haplotypes, 
of which 23 were common in both eco-types. Since they estimated a very low level 
of genetic differentiation between the Gyimesi Racka (in Hungary) and Turcana 
(in Rumania) breeds, therefore these are really two variants of one transbound-
ary breed.

According to the haplotype diversity results Kirikci et al. [89] stated the 
Karayaka breed from Northern Anatolia cannot be categorized as a genetically 
homogeneous population. That breed not only has not suffered from a genetic 
bottle neck effect, but even has four different haplogroups (A, B, C, and E).

5. Animal genetic resources

Term animal genetic resources is defined shortly as a potential of domestic 
animals that is used for production of food and fiber [90]. Animal genetic resource 
management is necessary on a global scale and its improvement requires careful 
thinking. While the contribution of livestock sector to 43 percent of world’s agri-
cultural Gross Domestic Product, which in some developing countries accounts for 
about 30 percent of national agricultural GDP. Actual economic modeling estimates 
that for those rural populations, poverty is limiting, economic growth suggested to 
be critically low. The fate of poor people and their livestock is interlinked, so none 
should be overlooked in future food security efforts [91]. The World Bank forecasts 
that contribution of livestock sector to agricultural GDP in undeveloped regions 
will be necessary by about 80 percent between 2000 and 2030.

Sheep are very important in the socio-economic lives of the people. However, 
their potential is not realized under poor conditions because of low productivity 
resulting from high mortality and weak performance among others. That fact calls 
the attention to the environment of production. But a given loss of animal genetic 
resources concerns the loss of genetic diversity within improved, cosmopolitan 
breeds and not only the extinction of traditional breeds [92]. The first reason for 
loss, the uniformity with increasing homozygosity as consequence of enormous 
development of highly improved breeds has led to growing concerns about the 
erosion of genetic resources [93]. Lenstra et al. [94] give a detailed review about 
molecular tools and analytical approaches for the characterization of farm animal 
genetic diversity.

Integration of local breeds threatened by extinction but carrying appropriate 
alleles into the further refinement of breeds for mass production result in effective 
management of erosion of farm animal genetic resources (FAnGR, [95]). Therefore, 
the maintenance of old, local breeds is in any case justified by this requirement. 
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However, autochthonous breeds are the national treasure of a given country and, 
as such, their maintenance is the duty of that state. In addition, in my personal 
opinion, access to the benefits of this treasure needs to be regulated for one’s own 
country, but especially for other countries.

6. Maintenance of endangered breeds

6.1 Reasons for endangerment/extinction

FAO [96] listed the broad categories of threats in three major groups: trends in 
livestock sector, disasters and emergencies, and animal disease epidemics and lack 
of control measures.

Considering the first one, the global reliance on a very limited number of inter-
national, specialized (single purpose) breeds suited to the needs of high input high 
output industrial agriculture can be mentioned. This expansion was accompanied 
by the grading-up of local breeds, by changes feeding-, housing, and reproduction 
technologies.

Under the second group of treats the lack of development interventions, 
appreciation, sustained breeding programmes, and loss of labour force (migration 
to urban areas in search of employment), traditional knowledge associated with 
livestock herding, further on changes in land use (destruction of native habitats), 
inappropriate management of climate change and natural disasters (floods, 
drought, famine). In many places, to this is added the local conflict (socio-politi-
cal), and a range of political instability (civil strife, war).

The third means: inadequate control of disease epidemics, lack of disease 
control, preventive treatments, genetic control of inheritable defects, as well as lack 
of identification, transport, traceability, food chain controlled.

6.2 Arguments for preservation

The experts collect the following economic, scientific, human cultural, socio-
economic, and environmental rationales for preservation beside the needs for 
development and sustainability mentioned formerly.

Genetic variation is the raw material for animal improvement. Prudent economy 
demands conservation. Lost flexibility will limit the ability of future generations 
to respond to changed markets and opportunities. Old breeds are of unique physi-
ological or other traits. They can show specific adaptation ability, resistance to 
diseases. Biotechnology will need to reveal unique sequences of DNA. Based on 
microsatellites, Agaviezor et al. [97] concluded that these associated with unique 
ancestral alleles of certain functional genes may reflect a better adaptability in more 
agro-ecological zones. Firestone et al. [98] shown through simulations that with 
samples of at least 30–40 individuals found the correct ratio of private alleles in 
most cases can be. Due to the low frequencies of the private alleles in a study, the 
results should be interpreted cautiously and viewed more as a trend.

Animal husbandry is a special characteristic of human culture. It is comparable 
to other great reminders of man’s past. Rare breeds are results of human creation 
(worth preserving and conserving as any other work of art, like monuments or 
buildings). They are kept for demonstration and showing of historical development 
of animal husbandry, and are of great advantage and value for physiological and 
genetic comparative studies. Some domestic animal breeds are historically closely 
linked to different farming cultures, environment and regions, traditional and 
regional. Livestock are part of life style in all the countries.
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Impact of changed animal genetic diversity affects their whole life style. In inte-
grated crossing programs with high yielding breeds it may be economical (crossed 
progenies for market and pure bred progenies for herd replacement!). Under 
unfavorable (harsh) conditions it can be bred with minimum input.

Our old, native breeds are multipurpose animals. However, we have become 
accustomed to using several benefits. Therefore, in addition to primary production 
(which is already known to be low), it is necessary to emphasize the use of animals 
in several ways during their lives (e.g. grazing/landscape care, traction, tourist 
attraction) and efficient processing of slaughtered animal parts through traditional 
handicrafts (e.g. fur and horned skull/trophy). What is very important, and what 
is realized exclusively in in situ gene conservation, is the regular use of animals. 
In the original, traditional environment, the genetic ability of the breed can be 
manifested. Raw materials of animal origin obtained directly or indirectly must be 
processed regularly and the product sold (although this is often seasonal).

Animal, plant, forest, fish, wildlife genetic resources are equal major compo-
nents of global biological diversity and must be viewed together. The environmental 
implications of livestock are huge. Billions of livestock in human care moving over 
large areas of land where they affect the soil, water and vegetation, and interacting 
with other life. Therefore, the environment must be considered as a whole.

6.3 Breed history for preservation

In my opinion, maintaining a variety is more than finding and currently using 
a beneficial gene. The rationale for the preservation of old breeds is given by the 
history and former significance of the breed. Regarding the breed history, I would 
like to call the attention to the in libro concept of conservation worded by us 
formerly [99]. A longer version of the technical term is in libro conservation in causa 
emoriendi, namely the conscious preservation of an already extinct domestic animal 
breed or a lost characteristic entered. The meaning of the entered (in a book; 
booked) conservation in broader sense is the preservation of all the remaining 
knowledge, keepsake, documents and material heritage of a still living rare breed. 
As a reason for the in libro conservation the same arguments can be presented as for 
the in vivo and in vitro approaches of conservation. The keeping in life of an extinct 
breed does not crop up but the “keeping alive” its one-time presence in the common 
knowledge is an important role. The cradle of the breed should not be forgotten.

In contrast to mtDNA, Peter et al. [100] among others, reports the disadvantage 
of microsatellites in search for breed history, especially in open flocks. Although 
microsatellites on nuclear chromosomes describe the current genetic nature and 
genetic relatedness of the herds, the genetic character depends heavily on the 
genetic makeup of the rams being actually used. The breeds can no longer be clearly 
assigned to one of the breed groups, but can be found in the mixed populations.

6.4 Herd booking and pedigree analysis

The official, mandatory individual animal numbering is essential for everyday 
breeding work. The parentage control is also essential for reliable pedigree registra-
tion. Of course, among the pedigree data we also store the regularly recorded (in 
many cases seemingly redundant) production data. Most multi-purpose indigenous 
breeds are utilized solely through their meat production today, however, in order to 
preserve the valuable traits, not only the fattening and slaughter values, but also, for 
example, the wool production traits must be recorded and selected for.

Pedigree data are fundamental to the assessment of the demographic structure 
and risk status of livestock breeds. Careful investigation of herd book data will 
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serve knowledge on pedigree completeness [101], effective population size [102], 
factual number and effective number of founders and ancestors, respectively (these 
two later explain the complete genetic diversity of a population [103]), and founder 
genome equivalents [104].

The length of the generation interval (defined as the average age of parents at 
the birth of their progeny kept for reproduction) is one of the keys to demanding 
breed maintenance. The four pathways (sire-son, sire-daughter, dam-daughter, 
and dam-son) of generation interval should be as long and similar as possible. 
The higher this is, the lower the possibility of an annual gain even in the case of a 
preserving section that may not be perfectly implemented.

Based on pedigree data the average relatedness coefficient of each individual is 
evaluated together with the inbreeding coefficient. Inbreeding coefficient (auto-
zygosity) is influenced by the length and completeness of pedigree, the longer and 
more complete the available pedigree is the more reliable the estimated inbreeding 
coefficient.

6.5 Preserving selection

When maintaining endangered animal breeds, care must be taken not to pre-
serve the name of the breed in the new, upgraded population, or to ensure that the 
critical herd size is maintained for generations. The purpose of breed maintenance 
is to preserve the original level of phenotypic (and underlying genetic) characters 
of the breed. The constancy and possible, unexpected change of the production 
level can be verified in historical comparative study (e.g. [105–107]. That is, in 
order to maintain within-breed diversity, it is necessary to leave individuals from 
all phenotype groups (production levels, ideally based on their breeding value) for 
further breeding. This is the aim of preserving selection. The principle of diversity-
preserving selection is very far from conventional truncation selection. The selec-
tion limit is not determined by the performing-ability, but by the measure of the 
remount rate proportional to the Gaussian curve.

6.6 Founder sampling

The genetic composition of a given sheep breed is also likely to be mixed in terms 
of mtDNA haplotypes. As a breed has a remarkable higher number of different 
mutant sites overall it can be assumed that more founder animals were present in 
this population have to. The long-known history of this breed (sheep herd of the 
area) and the current genetic mapping can provide certainty, confirming the color-
ful background, possibly the contribution of several breeds or sheep subspecies to 
the gene pool.

From the current point of view, the essence of the pedigree study is the identifi-
cation of female founder individuals and the families derived from them. In order 
to capture full diversity the DNA samples should be taken from the living descen-
dants of the eldest families based on herd booking. In the study of mtDNA of two 
Hungarian native sheep breeds (Tsigai and Cikta), sample collection and analysis 
[55, 87] was preceded by the processing of pedigree data and the identification of 
ancient families [108, 109].

6.7 Maternal lineages

As previously described, reliable characterization of the breed for mtDNA 
should be performed on samples taken from representatives of maternal lineages. 
The genetic background and the current diversity thereby reliably discovering in 
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dants of the eldest families based on herd booking. In the study of mtDNA of two 
Hungarian native sheep breeds (Tsigai and Cikta), sample collection and analysis 
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As previously described, reliable characterization of the breed for mtDNA 
should be performed on samples taken from representatives of maternal lineages. 
The genetic background and the current diversity thereby reliably discovering in 
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any breeds. The number of haplotypes representing individuals in the sampled 
families or providing the sample is likely to be less than the number of samples. 
Unfortunately, it can also be predicted that the number of surviving founder fami-
lies will decrease from generation to generation. Thus, it is recommended to leave 
breeding offspring from all families, from all haplotypes, to replenish the female 
herd. Since the number of individuals is higher than the number of haplotypes a 
rigid selection focussing on haplotype maintenance can lead to loss of many other 
genetic information (like in selection against scrapy genotypes).

Of course, it is a big question whether, in the case of outlier haplotypes, we 
choose to save or discard it in the endangered population of small size. Each cell 
contains many copies of mtDNA which, except in very rare cases of heteroplasmy, 
are identical and shared by all members of the maternal lineage. Another problem 
may then be the treatment of the heteroplasmy.

To my mind, the searching for ancient families is very crucial aspect of breed 
conservation. I consider it important to inform farmers about the family and 
haplotype of their sheep. In this respect, close long-term cooperation is needed 
between breeders and breeders’ associations, and even with the breeding authority 
in obtaining state subsidies. In other words, the individual sheep genetic knowledge 
gained from the researches should be communicated to the animal owners.

6.8 Within-family selection

If differentiated families with their specific haplotype are already available, it 
is reasonable to select offspring for further breeding within these. Using a within-
family selection, potential offspring are identified by sophisticated breeding 
software, while the breeder remains free to choose which one to actually stay for 
breeding.

At this point, I would like to draw attention to the differences between the profes-
sional work of the association and the ideas of the private breeder, and the necessary 
cooperation, or the antagonism in many places that the breeder is the owner of the 
animal but the breed must be preserved by the state.

7. Conclusions

During the phylogenetic investigation of sheep species, and characterization 
for improvement and conservation of sheep breeds, mtDNA diversity plays an 
important role. This is indeed noticeable as it is being applied more and more 
widely. However, opinions differ on the degree of success of the study in terms 
of its purpose. Here, too, it is true that any doubt encourages further appropriate 
work.

For comparison between domestic and wild sheep the less mutagen gene (Cyt b) 
sequences are advisable. But, for the exploration of haplogroup relationships among 
domestic sheep processing of a Cyt b gene dataset combined with CR is recom-
mended. Then, for a precise differentiation of haplotypes a hypervariable sequence 
set of CR seems to be the most reliable. High levels of mutations observed in the 
control region (emphatically hypervariable sequence) may skew dating estimates 
for many mammalian species. Before drawing phylogenetic conclusions the removal 
or reduction of repetitive sequence elements located within the CR is to advice 
because of its known heteroplasmic behavior.

Coding regions are conservative, for function with sameness making them 
less useful for isolating species, breeds, and individuals. Investigation of these is 
important in screening for deleterious alleles.
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At the same time, there is a need to consider more segments of the mitogenome 
which are used to outline the phylogeography of the species (since a single segregat-
ing locus does not adequately represent the origin of the entire genome), and the 
more of these, the more reliable they are. However, consideration of one or a few 
sequences in the context of species domestication may be advantageous in itself. In 
addition to the number of sequences investigated, their length (number of mutant 
sites) and the number of individuals sampled should not be overlooked in terms of 
processing reliability and comparability.

The fluent determination genetic diversity and its maintenance at a high level is 
indispensable on the course of preservation of our old, rare landraces. Indigenous 
breeds are national treasures and an aim of the saving of such breeds is not only to 
be prepared to compensate for the genetic erosion of another breed, but manufac-
ture local products, preserve ancient knowledge and conserve natural landscape, 
furthermore transfer historical and cultural values continuously.

In order to map the broad genetic background biological samples should be 
taken from the descendants of the founders. During the future preservation work 
special attention should be paid to maternal families and representatives of ancient 
families should be preserved. A more intense focusing on the maternal side is 
motivated also by the fact that the females exceed in number the males, respectively 
they remain in breeding for a longer period of time, so they can at larger extent be 
the depositaries of realization and maintenance of genetic diversity.
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Chapter 11

Domestic Pig Germplasms of
Andaman and Nicobar Islands
Perumal Ponraj, Arun Kumar De and Debasis Bhattacharya

Abstract

Andaman and Nicobar Islands are endowed with immaculate flora and fauna
biodiversity. Among the indigenous livestock species, pig occupies 27.26%. Andaman
and Nicobar Islands have three different categories of domestic pig groups/breeds.
Andaman Local pig is prevalent in Andaman group of Islands (South, Middle and
North Andaman); Nicobari pig is in Nicobar group of Islands and long snouted Little
Andaman wild pig (Schedule II animal under Forest Act, India). Other than the
indigenous pigs, pure and crossbreds of Large White Yorkshire are available in
Andaman and Nicobar Islands. Nicobari Pigs are reared exclusively by Nicobari tribes
in Nicobar group of islands and create a well defined socio-economic-ecological status
of their tribal society. Nicobari pig occupies a prominent place in custom, festivals and
socio-economic status of Nicobari tribes. These Andaman local and Nicobari pigs are
reared for meat purpose under free range or semi-intensive system. Nicobari pig is
appeared as short, black/brownish in colour and living as a family. Andaman local pig
is available in Andaman group of islands and body colour differs from rusty grey to
black and brown. Neck and dorsal portion hair are long and thick whereas flank and
sides hairs are shorter and thinner. Wild pig of Andaman (Sus scrofa andamanensis) is
a most endangered porcine species of Andaman and Nicobar islands. Jarawa tribes in
Andaman Islands prefer this wild pig as a good protein source. It is black in colour,
short legged, small to medium sized and a prolific breeder. Litter size varies from 4 to
7 numbers. Another pig group is crossbred, cross between LargeWhite Yorkshire and
Andaman local or Nicobari pig. Crossbred pigs are light brown to complete white with
different lines of blackish colour. This breed exhibits early maturity, high growth rate
and fecundity. The Nicobari pig has high prolificacy as litter size is ranging from 8 to
10 numbers with goodmothering ability and body weight of matured pig differs from
115 to 130 kg. Moreover, this crossbred is adapted highly to the local tropical humid
environmental conditions and also can adjust with locally available feed resources on
the different agricultural produces. This is highly suitable for commercial production
of pork in this Andaman and Nicobar islands. However, the domestic pig breeds need
to be protected and be conserved in this Andaman and Nicobar group of Islands.

Keywords: Andaman and Nicobar Islands, indigenous pigs,
physico-morphological characters, haematological profiles, management,
reproductive and productive profiles

1. Introduction

Andaman and Nicobar islands are one of the diversified unique ecosystems in
the world. Being away from the main land and less population pressure, the area is
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still maintaining almost pollution free virgin environment, harbouring pure and
rich germplasm resources. It is situated in the southern part of the Bay of Bengal
between 92o120 E and 93o570 E longitude and between 6o 450N and 13o 410N latitude
with 10oN channel dividing the Nicobar group of islands from Andaman group of
Islands. Andaman and Nicobar is a group of 576 islands, islets and rocks covering a
geographical area of 8293 km2 and a population of 3.80 lakhs. Andaman and
Nicobar islands share the same broad agro-ecological region as South East Asian
countries. Majority of the 188 named islands are small in size. Thirty-six of these are
inhabited. Only four islands namely North, Middle and South Andaman in the
Andaman group and Great Nicobar in the southern group have an area greater than
1000 km2. Little Andaman with an area of 731 km2 is the next largest island. Among
the rest, 32 islands exceed 10 km2 while 96 are less than 1 km2 in area. Of the
inhabited islands, 12 have population exceeding 1000 persons. Andaman and
Nicobar islands have the annual rainfall of average is 3070 mm covering the month
from May to December. The period between January and April is the driest when
the number of rainy days in each month hardly exceeds three. During these periods,
agricultural crops often suffer severely. The mean temperature (24.3-30.5°C), rela-
tive humidity (82.5%) and wind speed (5.8 km/h) almost remains same throughout
the year. The seasons were classified into rainy/wet (May to November) and dry/
summer (December to April) in Andaman and Nicobar Islands. Average sun light
hours per day differed significantly between rainy (4.28 � 0.89) and dry summer
(9.20 � 0.74) seasons. From the month of December to April in Andaman and
Nicobar Islands, the sun shines regularly, whereas the sky is often become cloudy
from June to September. Average relative humidity (%) was differed significantly
between rainy (84.21 � 1.93) and dry summer (75.80 � 2.06) seasons. Average
temperature (°C) was differed significantly between rainy (29.71 � 0.62) and dry
summer (31.42 � 0.80) seasons. Average rainfall (mm) was differed significantly
between rainy (444.92 � 13.62) and dry summer (89.04 � 8.84) seasons. Average
solar direct irradiance (kWh/m2/day) was differed significantly between rainy
(3.47 � 0.95) and dry summer (6.24 � 0.56) seasons. Average temperature humid-
ity index (THI) was differed significantly between rainy (84.92 � 1.59) and dry
summer (85.59 � 1.15) seasons. Average sea surface temperature (°C) was differed
between rainy (27.97 � 0.87) and dry summer (29.94 � 1.30) seasons.

Livestock farming is considered to be a profitable enterprise in agriculture and
constitutes an important activity for income enhancement. As per livestock census
of 2012, the cattle, buffalo, goat, pig and poultry population including duck in the
island is 45625, 7863, 65324, 35921 and 1165223, respectively. Livestock census,
India revealed that the pig population was reduced (25.79%) significantly from 18th
(2007: 48406 [1]) to 19th (2012: 35921 [2]) and then increased (5.98%) from 19th to
20th (2017: 40488[3]) livestock census, Government of India (Tables 1 and 2).
Similarly, Tsunami, 2004 has significantly affected the Nicobari pig population in
Nicobar group of Islands. There are four different genetic groups of pigs in the
Islands, namely, Andaman local pig (ALP), long snouted Little Andaman wild pig
(Schedule II animal under Forest Act, 1972, Govt. of India), Nicobari pig and pure
and cross breeds of Large White Yorkshire (Table 3). Andaman and Nicobar group
of Islands are endowed with immaculate flora and fauna biodiversity [5]. The
indigenous livestock germplasm namely Nicobari, Andaman local and Andaman
wild pigs, Teressa and Andaman local goats and Nicobari fowl are predominant in
Andaman and Nicobar group of islands. Among the indigenous livestock, pig
occupies 27.26% of the total livestock in Andaman and Nicobar Islands [6]. How-
ever, the Nicobari indigenous pig is under severe threat to endanger from the
island, therefore immediate conservation effort is to be taken and its very much
necessary [7]. Till 2012, this Nicobari breed received very little attention and no
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systematic documentation was made. This Nicobari pigs were considered as a
recognised and distinguished pig breed of Indian Government (INDIA PIG-3300-
NICOBARI09005 by NBAGR, Karnal). Genetic diversity was very high as com-
pared to European breeds [7]. Nicobari pig breed is adapted well physiologically and
anatomically and has high tolerable capacity to different humid tropical deleterious
environmental conditions. Nicobari pigs are natural scavengers and size is from
medium to large with low reproductive and growth performance. Nicobari pig
breed is highly preferred among the tribals, it is a good source of protein supple-
ment to them and also it helps to improve their family income.

The ALP is associated with the socio-culture-economic-tradition of tribals.
Andaman local pig is in general as semi-feral in behaviour and is mostly reared in

District Category Male Female Grand
total

<
6 Months

>6 Months Total <
6 Months

>6 Months Total

Nicobar Indigenous 4381 3928 8309 4442 3644 8086 16395

Exotic/
crossbred

1892 1477 3369 1579 1438 3017 6386

North &
Middle
Andaman

Indigenous 1725 1513 3238 1604 1544 3148 6386

Exotic/
crossbred

1004 951 1955 854 870 1724 3679

South
Andaman

Indigenous 528 409 937 704 676 1380 2317

Exotic/
crossbred

134 215 349 167 242 409 758

Table 1.
District-wise livestock census (19th) of pigs in Andaman and Nicobar Islands.

Tehsil wise Exotic/Crossbred Indigenous Total

Male Female Total Male Female Total

Diglipur 851 713 1564 1682 1823 3505 5069

Mayabunder 571 420 991 625 558 1183 2174

Rangat 553 591 1124 930 765 1695 2819

Middle and North Andaman Dist 1955 1724 3679 3237 3146 6383 10062

Ferrargunj 98 109 207 11 29 40 247

Port Blair (Rural) 134 200 334 9 15 24 358

Port Blair (Urban) 117 100 217 27 50 77 294

Little Andaman 0 0 0 890 1286 2176 2176

South Andaman Dist 349 409 758 937 1380 2317 3075

Car Nicobar 1 0 1 6369 6240 12609 12610

Nancowry 3056 2719 5775 1583 1528 3111 8886

Campbell Bay 312 298 610 358 320 678 1288

Nicobar Dist 3369 3017 6386 8310 8088 16398 22784

State total 5673 5150 10823 12848 12614 25098 35921

Table 2.
Tehsil-wise livestock census (19th) of pigs in Andaman and Nicobar Islands.
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extensive or free-range system with little amount of management. Mitogenome
analysis revealed that this ALP can be evolved as an independent breed in Andaman
and Nicobar Islands as merit for registration as a recognised pig breed [8]. This pig
group is under the condition of endanger and immediate preservation, conservation
and propagation effort is very much needed to save the local breed of pig from
extinction [7]. Pig production system is highly economical due to high production
potential, fast growth rate, short generation interval, prolific fecundity, highly
efficient carcass yield and higher adaptability to the different micro and macro
environmental as well as the climatological conditions [9]. ALP is very well adapted
and tolerable to the different tropical humid harsh environmental conditions with
higher relative humidity, higher temperature as well as higher temperature humid-
ity index. Further, these local indigenous Andaman local pigs are scavengers and
also semi-wild in their behaviour or character. Andaman local pigs have very good
maternal ability and are aggressive when farrowing or delivery. Although the ALPs
have lower in their growth rate and reproductive and productive performances, it is
highly liked by the rural tribal communities for supplementation of sufficient pro-
tein and income for the family. Pork production is essential especially in the
Nicobar Islands than in the other part of the Andaman and Nicobar Islands. People
of Nicobar group of Islands consume 70% of the pork produced in Andaman and
Nicobar Islands while the rest of the islanders consume 30% of pork [2]. Wild pig of
Andaman (Sus scrofa andamanensis) is a threatened endangered porcine germplasm
of Andaman and Nicobar islands. Jarawa tribes prefer this wild pig as a protein
source. It is black in colour, short legged, small to medium sized and a prolific
breeder. Another pig group is crossbred, cross between Large White Yorkshire and
Andaman local or Nicobari pig. This Nicobari breed exhibits early maturity, high
growth rate and fecundity than other pig breeds. The Nicobari pig has high prolif-
icacy as litter size is ranging from 8 to 10 numbers with good mothering ability and
body weight of matured pig differs from 115 to 130 kg. This is highly suitable for
commercial production of pork in this Andaman and Nicobar islands. However, the
domestic pig breeds need to be protected in this Andaman and Nicobar Islands.
Reorganisation and rearrangement of these pig breeds is significant for its conser-
vation, preservation and propagation. Efforts have to be made to conserve this
breed outside its breeding tract with different managemental condition. The chap-
ter describes the different aspects of pigs namely, Nicobar pig, Andaman local pig,
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Status of pigs in Andaman and Nicobar Islands [4].
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Andaman wild pig and crossbred pigs, which are available in Andaman and Nicobar
Islands.

2. Nicobari pig

Nicobari pig (Sus scrofa nicobaricus), locally known as Ha-un and is reared by
Nicobari tribes in Nicobar group of Islands. Majority of the pigs in the Nicobar
group of islands are Nicobari pigs. The total area of Nicobar group of islands is 1841
square km which lies between 6° and 10° North latitude and it comprises of 19
islands, of which, important islands are Car Nicobar, Chowra, Teressa, Nancowrie,
Little Nicobar and Great Nicobar. A small population of Nicobari pig are reared by
Nicobari tribes on Little Andaman (Nicobari settlement area at Harminder Bay)
Island [10–12]. The registered unique Nicobari indigenous pig is considered as a
sign of integrity and wellbeing of the Nicobari tribes in this Andaman and Nicobar
island territories. Nicobari pig is considered as an endemic in the island region;
however, this pig is still in the domestication process as witnessed by phenotypic
expression and are generally believed as it has originated from Eurasian wild boar
(Sus scrofa) and also believed that Nicobaricus as a Nicobar regional specific sub-
species and are called generally as “Nicobari Pig” [11]. These pigs are available since
immemorial time with primitive tribes of these Andaman and Nicobar islands.
Nicobari means ‘eating pork’. Pig growing is very common, preferred and custom
within the Nicobari tribes and which provides as an essential source of animal rich
protein [13]. Nicobari Pigs are reared exclusively by Nicobari tribes in Nicobar
group of islands and create a well defined socio-economic-ecological status of their
tribal society. Pig rearing has always been an integral part of the rich cultural
traditions of the Nicobarese Tribes [14]. Pigs are treated as an asset and bring
prestige to the joint family of Nicobarese. In Nicobari society, religion, custom,
festivals and social status, the pig occupies a prominent place. Of which, pigs
constitute the major portion of their economy. The economic prosperity of a family,
village and its position in the island is judged by the number of pigs as they have in a
village or lineage. As such Nicobarese maintain a large number of pigs that are freely
roaming in their settlement as well as in mature coconut plantation. Nicobari pigs
have well adapted to the tropical humid island ecosystem in physiological and
anatomical over the long period of the times and express their potential very well
under the integrated farming (plantation based) production system in Andaman
and Nicobar Islands [12]. In overview, the male Nicobari pig is very much temper-
ament (nervousness) than his counterpart of female pigs and to catch the male pigs
at least ten people are needed. However, the Nicobari sows are very calm and could
be managed easily with the Nicobari tribal women. Ill-treatment or misbehaviour of
the same is treated as serious offence. In case, any Nicobari or outsider hit or beat
the pig, then their tribal village Council deals the matter sternly and the same
treatment was given to the person concerned and impose handsome amount of fine
to prevent repeat of the act [15].

2.1 Phenotypic characterisation

Nicobari pig is a registered descriptive domesticated pig breed of India
(INDIA_PIG_3300_NICOBARI_09005). Molecular characterisation with use of
microsatellite markers on local pig breeds revealed that the Nicobari pig has mean
observed heterozygosity of 0.70 � 0.09 and Andaman local pig has 0.72 � 0.07 and
both were has significantly higher mean observed heterozygosity than in the Large
White Yorkshire as 0.56 � 0.07, the present study result indicated that Andaman
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Nicobari tribes in Nicobar group of Islands. Majority of the pigs in the Nicobar
group of islands are Nicobari pigs. The total area of Nicobar group of islands is 1841
square km which lies between 6° and 10° North latitude and it comprises of 19
islands, of which, important islands are Car Nicobar, Chowra, Teressa, Nancowrie,
Little Nicobar and Great Nicobar. A small population of Nicobari pig are reared by
Nicobari tribes on Little Andaman (Nicobari settlement area at Harminder Bay)
Island [10–12]. The registered unique Nicobari indigenous pig is considered as a
sign of integrity and wellbeing of the Nicobari tribes in this Andaman and Nicobar
island territories. Nicobari pig is considered as an endemic in the island region;
however, this pig is still in the domestication process as witnessed by phenotypic
expression and are generally believed as it has originated from Eurasian wild boar
(Sus scrofa) and also believed that Nicobaricus as a Nicobar regional specific sub-
species and are called generally as “Nicobari Pig” [11]. These pigs are available since
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Nicobari means ‘eating pork’. Pig growing is very common, preferred and custom
within the Nicobari tribes and which provides as an essential source of animal rich
protein [13]. Nicobari Pigs are reared exclusively by Nicobari tribes in Nicobar
group of islands and create a well defined socio-economic-ecological status of their
tribal society. Pig rearing has always been an integral part of the rich cultural
traditions of the Nicobarese Tribes [14]. Pigs are treated as an asset and bring
prestige to the joint family of Nicobarese. In Nicobari society, religion, custom,
festivals and social status, the pig occupies a prominent place. Of which, pigs
constitute the major portion of their economy. The economic prosperity of a family,
village and its position in the island is judged by the number of pigs as they have in a
village or lineage. As such Nicobarese maintain a large number of pigs that are freely
roaming in their settlement as well as in mature coconut plantation. Nicobari pigs
have well adapted to the tropical humid island ecosystem in physiological and
anatomical over the long period of the times and express their potential very well
under the integrated farming (plantation based) production system in Andaman
and Nicobar Islands [12]. In overview, the male Nicobari pig is very much temper-
ament (nervousness) than his counterpart of female pigs and to catch the male pigs
at least ten people are needed. However, the Nicobari sows are very calm and could
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Local pig as well as Nicobari pigs are genetically different from the exotic pig breeds
of LWY as well as from other Indian indigenous pig breeds such as Gahuri, North
Indian desi and Ankamali [16]. Nicobari pig population was highest in Car Nicobar
followed by Chowra, Teressa, Nancowry and Katchal. At present, this indigenous
pig breed is under the endangered and threatened category and immediate conser-
vation effort is necessary. In Nicobar and other parts of Islands where the Nicobar
tribes are living, there is no commercial pig rearing system or commercial pork
production system among the Nicobari tribal community. The pigs are also
exchanged as gift between families and islands, bartering within their communities.
This porter or exchange practice has significantly reduced the inbreeding among the
pigs in the villages. Nicobari pigs are short in stature with compact body, black/
brownish or creamy white or reddish brown or blackish brown coat, light brown or
pinky and strong muzzle, light brownish creamy-white or light blackish white
hooves and small eyelids with brown or creamy white and short, coarse, straight
ears and attached with close to the head or body. In some pockets of islands, piglets
were shown with dark brownish red stripes in the dorsal part of the body and this
appearance of striped piglets is an essential indicator of primitive pig type or marker
of origination of this pig from wild group of pigs. The majority of the pigs appears
small to medium sized, short legged, short with a long body and their skin colour
includes black, grey, brown and blackish brown. Sometime, the ventral side (belly
region) were coloured with cream or white and in some pigs the pattern of
colouring has extended throughout the whole body. The bristles are dense, coarse
with black or brown or creamy in colour. This pig has a marked bristle crest or mane
on the dorsal part of the pig which is extending to tail base from mid head/shoulder.
Slight downward curvature or arch of the back/low back is considered as the most
common feature in this pig breed. There are no facial warts in pigs. These breeds are
sturdy and short compared to other desi breeds. Head is short with a strong slightly
curved (downward) snout and large jowl. Some pigs inside the jungle are reported
with long big head and strong lengthy snout with aggressive indicates wildness.
Neck is short, clean and heavy. The shoulders are light, firm and free from coarse-
ness, medium width and well attached to body. The body is medium length, slightly
arched (downwards) at back, no uniform breadth/sides, well sprung ribs, strong
and slightly wider loin and back; slightly broad hams, well-filled but not up to
hocks. Nicobari pigs have large, capacious/heavy and moderately pot-bellied abdo-
men. The fascial profiles of pigs vary from flat to concave giving a docile nature and
rooting behaviour. The legs of pig are short, strong, smooth pattern with or without
wrinkles and they are fast runners. The legs are square with body. Tail is generally
medium to long in size and the characteristic feature of the tail is that no curling
observed and it is straight extending beyond hock. Uncastrated pigs live inside the
jungle are heavy weight with well grown tusk, ferocious in nature and attempts to
attack the strange people, those enter inside the jungle. This indigenous pig breed is
healthy, very active, alert and fast runner and well adapted to the local environment
of Nicobar. These parameters mark that the Nicobari pigs are originated or descen-
dent from wild boar i.e. Sus scrofa, however, they are still in domestication process
[7, 10–12].

2.2 Feeding practice

The pig is managed under open grazing, free range systems in the coconut
plantation and inside the dense forest. These pigs have the natural habitats include
rain forest, mountain forest and plantation area. During day time, pigs roam freely
in jungles in search of food and in evening, they return to their respective owners or
remain in the forest. Feed and feeding practices reveal that none of the farmers
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provide pigs with commercial feed. Feeding the pigs, both in morning and evening
is the important routine of the day and these pigs are very active both in very early
morning and late evening and move in batches of 4 to 20 to eat feeds [17]. No feed
(ration) is prepared separately for the pigs. The pigs are grown and fattened using
locally available feed resources and without any concentrate ration. Nicobari pigs
are omnivorous, though largely vegetarian; are opportunists and most will eat a
wide range of food of animal origin. The pigs are fed with copra, coconut and its
water, ripe pandanus fruit, bread fruit, Nicobari aalu, root crops, both fresh and
cooked fish, poor quality fish waste, crab, coconut beetles, kitchen and vegetable
waste and other commonly found arthropods. Pigs are also fond of dehusking ripe
coconuts and breaking the hard nut to enable them to eat the coconut kernel. Some
of these pigs are also found on the sea shore, especially during the low tide, scav-
enging for snails, shellfish and other sea creatures. This Nicobari pig breed has very
good behaviour on rooting and gets sufficient nutrient rice feeds especially on wild
palm root and also eats crabs, small insects and also other sea wastes which are in
sea shore areas. Four local or indigenously available feed materials such as panda-
nus, coconut, and Nicobari aalu and bread fruit are commonly fed to pigs by the
tribals. Coconut is the main feed for Nicobari pigs and almost one third of the total
coconut produce is reserved for feeding their pigs. Pigs are fattened mainly on
coconut feeding. In Teressa Island, pigs are fed with poor quality fish, snails and
meaty portions of seashells [13]. Although higher market value of coconuts, this
Nicobari pigs are fed continuously with coconuts as these pigs are placed in a high
position in the minds of the Nicobarese. At the time of feeding, the tribes have very
different and distinct ways of calling the pigs, for example, by beating bamboo,
producing different sounds by shouting at a peculiar high peak or singing particular
songs. These animals soon respond to their owners and come to their respective
place of feeding. It is observed that only the pigs of the concerned tuhet are turn up
after listening such tuned call from his master. The calling the pigs for various
purpose is different from one family to another one varying from mild vocal sweet
tunes to heavy beating of bamboo pieces in a serially particular sound rhythm [15].
All the pigs gather at the place where the tribal man or woman breaks the coconut,
remove the coconut with use of a special instrument from its outer shell and place
the coconut with coconut water in the feeding trough or feeder which is locally
known as “naam” in their Nicobari language, which is generally made from wood in
various sizes as length is from 30 to 100 cm and width is from 15 to 20 cm. All the
Nicobarese maintain one wooden stilt platform in their horticulture plantation to
feed the pig. A lengthy hardwood with the size of 5 feet is removed the central
portion till it forms in the shape of food container. It is used to keep sliced raw
(kutcha) coconut to feed the pigs twice a day on regular basis [15]. After feeding,
the animals wander back to the jungle, only to return to the village/household
premises during night hours. Stem of big size bamboo is cut into two halves in
middle with different length for feeding purposes. Hallow empty space is com-
monly used for feeding purpose. Other materials viz. old cans, shells of Giant clams
(Tridacna spp.) and aluminium plates are used for feeding and watering. The pig
feeder is most commonly prepared from thick wood, sea shell, bamboo or un-
utilisable plastic drums. The quantity of feed provided to the pigs is not measured;
however, the farmers reported that it differs with presently availability as well as
age of pigs. For each adult pig, approximately two to three small raw coconuts
(weighing approximately 0.5 kg) are provided daily. The Nicobari tribes lay down
on a raised or height of the wooden platform to supply feed to the pigs. Normally
they feed 3-5 coconuts to each pig. Both men and women are equally involved in the
feeding and management of the pigs. Women pay special attention to pregnant and
nursing pigs. Moreover, oil extracted coconut powder, Nicobari aalu, pandanus
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fruit (locally known as kevri); tapioca (malayal aalu) and also fish waste are fed in
addition to feeding of raw coconut. The tribals do not cook or prepare any rationed
feed separately to feed the pigs. However, pigs are still deficiency of balanced
nutrition (energy, protein and minerals) and therefore, it is an urgent need to
improve the knowledge and skill of technical know-how on feed resource manage-
ment for the tribal people to enhance the pig/pork production system in Andaman
and Nicobar Islands. It is also observed that some pigs never came to the residential
area and just lives in the forest. The respective farmer regularly goes to the forest in
the evening time to feed their pigs. It is interesting to observe that some tribes
carried incense (locally available) sticks while feeding in the forest. By smelling the
smoke, the roaming pigs recognised their owners and knew they are going to be fed
[7, 10–12].

2.3 Genetic characterisation

The allele size range, observed and effective number of alleles, observed and
expected heterozygosity and polymorphic information content (PIC) at 23 loci in
Nicobari pig are studied. The allele size range varies from 86 to 116 bp at locus
SW936 to 280–296 at locus IGFI. The total number of alleles ranges between 5
(S0178, SW951, SW24 and S0386) and 11 (S0355). The effective number of alleles
ranges from 2.97 (SW24) to 7.9 (S0355). The mean observed number of alleles for
all 23 loci in Nicobari pigs is 6.96 � 0.31. The observed heterozygosities are lower
than the expected values at all the 23-studied loci in Nicobari pig. The mean
expected and observed heterozygosities are 0.75 � 0.01 and 0.655 � 0.02, respec-
tively. The mean PIC for all the 23-studied loci is 0.74 � 0.01 [7].

Herd composition of individual Nicobari pig family is 15.56 � 2.59, 2.33 � 0.33,
2.00 � 0.48, 2.70 � 0.90 and 1.83 � 0.31 for herd size, sows, boars, growers and
piglets respectively. They can survive with a very low level of management [4, 18].
The herd statistics reveals that the pig herd size per household ranges from 7.5 to
10.0 with a mean of 8.9. The herd size of Nicobari pig in every individual family in
Nancowry, Teressa and Car Nicobar varies between 10 and 15 and is higher than on
other islands. The overall herd size of the Nicobari pig is 12.46. It is recorded that
33.2% of farmers kept less than 5 pigs, 47.1% of farmers kept more than 10 pigs and
19.7% of farmers kept 5–10 pigs in their house. The herd composition reveals that
the adult female population ranged between 9 and 20 percent. The adult breeding
populations are important to further propagate the germplasm and there is an
immediate need to increase breedable population of female pigs in Nicobar group of
islands. 97.2% of household are rearing indigenous Nicobari pigs whereas remaining
2.8% are rearing Large White Yorkshire crossbreeds. Pigs for fattening purpose are
reared by 84% of farmers. Black-coloured pigs are preferred by 86.7% of farmers,
6.7% liked white ones and 6.6% had no colour preference. Husbandry practices
reveal that the tribal farmers did not rear pigs as a source of income. All the animals
are used for domestic consumption during weddings and other festivals [7, 10–12].

2.4 Husbandry practices

Pigs in Nicobar do not have separate house/shelter or sty. Pigs are mainly resting
underneath the tribal’s hut/shelter. The Nicobari shelters/hut are prepared in suffi-
cient height from the ground floor with approximately 2-3 m to assure a sufficient
space/place for pig and piglets to get sufficient rest and also to protect from heavy
rainfall in Nicobar islands [7, 10–12]. No separate pig house or sty or any housing
pattern is constructed for the pigs. A separate enclosure/shelters for piglet are made
using locally available material usually bamboos by the tribes of all the islands. Two
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types of night shelter are provided for pigs. In 58% of households, the pigs are
housed underneath the tribe’s hut. The huts are made in appropriate height from the
floor to protect the pigs from heavy rainfall and other inclement weather. Seventy-
six percent of shelters have concrete floors and they are cleaned regularly. On the
other hand, in 42% of household, separate indigenous pig sties made of bamboo or
other indigenous plant material are provided. The size of the sty varies according to
the size of the pig and population. The pigs marked for slaughter and feral pigs
caught from jungles were kept in separate wooden enclosures with roofs made of
wild leaves or long grasses. The shelters are generally made of pieces of wooden
planks, tree branches and the roofing is made using leaves/grasses [7, 10–12]. The
shelters are made in different sizes depending on the population. Nicobari tribes in
Teressa Island are using sea sand as the suitable bedding material for sows as well as
old rags; cloths and/or dry big size leaves are used for new born piglets as bedding
materials [13].

2.5 Slaughter practices

Adult body weight of Nicobari pig is 175-200 kg. Dressing percentage, live
weight at slaughter (kg) and average age at slaughter (months) was reported as
70-80, 112.82 � 14.26 and 12.76 � 1.07, respectively. Both growers and adults are
slaughtered. Pig slaughter and pork consumption pattern revealed that there is no
commercial system of pig rearing or sale of pork prevailed among the tribal people.
They rear pigs mainly for consumption during different festivals, ceremonies, vil-
lage functions and inter village sports. During the functions, all the tribal people of a
particular village assemble and take part in a fight between pigs and the tribe
popularly known as “pig fight”. The tribe members fight the pigs either alone or in a
group. After defeating a pig, it is subjected to slaughter. Slaughtering of the pigs is
carried out in different locations including the pig farmer’s own premise, as there is
no organised slaughterhouse. The slaughter procedure is done very systematically.
Pigs are killed by direct cardiac puncture using a sharp-ended stick and the entire
pig is roasted in a fire for scalding and cut off parts for consumption. Dressing
percentage is found high; varied from 70 to 80%. The pig fat is smeared over the
meat for long-term storage. Most of the festivals and ceremonies are cantered on pig
and the pig festival (Cana-haun in Nicobari language). Mostly, male/boars are
preferred for slaughter [7, 10–12].

2.6 Reproductive performances

Pigs are allowed for open range feeding and breeding occurs in the forest area.
Reproductive performance reveals that natural mating is occurred in the jungle as in
free-range systems of farming. The reproduction of this Nicobari pig stock is very
high in comparison to other livestock. In general, the breeding male resides in jungle
and also it is difficult to see or collect. The adult mature female pig goes to inside the
jungle to cross with the adult boar at the breeding cycle. Reproductive performances
of pigs are as age at first farrowing (months), litter size (number) and farrowing
interval was 10.91 � 0.85, 8.06 � 0.33 piglets and 17.91 � 0.33, respectively. The
age at first farrowing is 10 to 12 months, the litter size is normally 6 to 10, farrowing
interval is 8-10 months and the method of mating is natural. It is observed that
before farrowing, the pregnant sow goes to jungles and prepares nests with wild
leaves, grasses and some other plant materials and this indicates that the Nicobari
pig has inherent behaviour for fashioning or building their nest. Pregnant sows and
nursing sows are cared by the tribal women with utmost important which is same as
traditional pig rearing practices which is followed at Kebar and Manokwari where

213

Domestic Pig Germplasms of Andaman and Nicobar Islands
DOI: http://dx.doi.org/10.5772/intechopen.95916



fruit (locally known as kevri); tapioca (malayal aalu) and also fish waste are fed in
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ment for the tribal people to enhance the pig/pork production system in Andaman
and Nicobar Islands. It is also observed that some pigs never came to the residential
area and just lives in the forest. The respective farmer regularly goes to the forest in
the evening time to feed their pigs. It is interesting to observe that some tribes
carried incense (locally available) sticks while feeding in the forest. By smelling the
smoke, the roaming pigs recognised their owners and knew they are going to be fed
[7, 10–12].

2.3 Genetic characterisation

The allele size range, observed and effective number of alleles, observed and
expected heterozygosity and polymorphic information content (PIC) at 23 loci in
Nicobari pig are studied. The allele size range varies from 86 to 116 bp at locus
SW936 to 280–296 at locus IGFI. The total number of alleles ranges between 5
(S0178, SW951, SW24 and S0386) and 11 (S0355). The effective number of alleles
ranges from 2.97 (SW24) to 7.9 (S0355). The mean observed number of alleles for
all 23 loci in Nicobari pigs is 6.96 � 0.31. The observed heterozygosities are lower
than the expected values at all the 23-studied loci in Nicobari pig. The mean
expected and observed heterozygosities are 0.75 � 0.01 and 0.655 � 0.02, respec-
tively. The mean PIC for all the 23-studied loci is 0.74 � 0.01 [7].

Herd composition of individual Nicobari pig family is 15.56 � 2.59, 2.33 � 0.33,
2.00 � 0.48, 2.70 � 0.90 and 1.83 � 0.31 for herd size, sows, boars, growers and
piglets respectively. They can survive with a very low level of management [4, 18].
The herd statistics reveals that the pig herd size per household ranges from 7.5 to
10.0 with a mean of 8.9. The herd size of Nicobari pig in every individual family in
Nancowry, Teressa and Car Nicobar varies between 10 and 15 and is higher than on
other islands. The overall herd size of the Nicobari pig is 12.46. It is recorded that
33.2% of farmers kept less than 5 pigs, 47.1% of farmers kept more than 10 pigs and
19.7% of farmers kept 5–10 pigs in their house. The herd composition reveals that
the adult female population ranged between 9 and 20 percent. The adult breeding
populations are important to further propagate the germplasm and there is an
immediate need to increase breedable population of female pigs in Nicobar group of
islands. 97.2% of household are rearing indigenous Nicobari pigs whereas remaining
2.8% are rearing Large White Yorkshire crossbreeds. Pigs for fattening purpose are
reared by 84% of farmers. Black-coloured pigs are preferred by 86.7% of farmers,
6.7% liked white ones and 6.6% had no colour preference. Husbandry practices
reveal that the tribal farmers did not rear pigs as a source of income. All the animals
are used for domestic consumption during weddings and other festivals [7, 10–12].

2.4 Husbandry practices

Pigs in Nicobar do not have separate house/shelter or sty. Pigs are mainly resting
underneath the tribal’s hut/shelter. The Nicobari shelters/hut are prepared in suffi-
cient height from the ground floor with approximately 2-3 m to assure a sufficient
space/place for pig and piglets to get sufficient rest and also to protect from heavy
rainfall in Nicobar islands [7, 10–12]. No separate pig house or sty or any housing
pattern is constructed for the pigs. A separate enclosure/shelters for piglet are made
using locally available material usually bamboos by the tribes of all the islands. Two
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types of night shelter are provided for pigs. In 58% of households, the pigs are
housed underneath the tribe’s hut. The huts are made in appropriate height from the
floor to protect the pigs from heavy rainfall and other inclement weather. Seventy-
six percent of shelters have concrete floors and they are cleaned regularly. On the
other hand, in 42% of household, separate indigenous pig sties made of bamboo or
other indigenous plant material are provided. The size of the sty varies according to
the size of the pig and population. The pigs marked for slaughter and feral pigs
caught from jungles were kept in separate wooden enclosures with roofs made of
wild leaves or long grasses. The shelters are generally made of pieces of wooden
planks, tree branches and the roofing is made using leaves/grasses [7, 10–12]. The
shelters are made in different sizes depending on the population. Nicobari tribes in
Teressa Island are using sea sand as the suitable bedding material for sows as well as
old rags; cloths and/or dry big size leaves are used for new born piglets as bedding
materials [13].

2.5 Slaughter practices

Adult body weight of Nicobari pig is 175-200 kg. Dressing percentage, live
weight at slaughter (kg) and average age at slaughter (months) was reported as
70-80, 112.82 � 14.26 and 12.76 � 1.07, respectively. Both growers and adults are
slaughtered. Pig slaughter and pork consumption pattern revealed that there is no
commercial system of pig rearing or sale of pork prevailed among the tribal people.
They rear pigs mainly for consumption during different festivals, ceremonies, vil-
lage functions and inter village sports. During the functions, all the tribal people of a
particular village assemble and take part in a fight between pigs and the tribe
popularly known as “pig fight”. The tribe members fight the pigs either alone or in a
group. After defeating a pig, it is subjected to slaughter. Slaughtering of the pigs is
carried out in different locations including the pig farmer’s own premise, as there is
no organised slaughterhouse. The slaughter procedure is done very systematically.
Pigs are killed by direct cardiac puncture using a sharp-ended stick and the entire
pig is roasted in a fire for scalding and cut off parts for consumption. Dressing
percentage is found high; varied from 70 to 80%. The pig fat is smeared over the
meat for long-term storage. Most of the festivals and ceremonies are cantered on pig
and the pig festival (Cana-haun in Nicobari language). Mostly, male/boars are
preferred for slaughter [7, 10–12].

2.6 Reproductive performances

Pigs are allowed for open range feeding and breeding occurs in the forest area.
Reproductive performance reveals that natural mating is occurred in the jungle as in
free-range systems of farming. The reproduction of this Nicobari pig stock is very
high in comparison to other livestock. In general, the breeding male resides in jungle
and also it is difficult to see or collect. The adult mature female pig goes to inside the
jungle to cross with the adult boar at the breeding cycle. Reproductive performances
of pigs are as age at first farrowing (months), litter size (number) and farrowing
interval was 10.91 � 0.85, 8.06 � 0.33 piglets and 17.91 � 0.33, respectively. The
age at first farrowing is 10 to 12 months, the litter size is normally 6 to 10, farrowing
interval is 8-10 months and the method of mating is natural. It is observed that
before farrowing, the pregnant sow goes to jungles and prepares nests with wild
leaves, grasses and some other plant materials and this indicates that the Nicobari
pig has inherent behaviour for fashioning or building their nest. Pregnant sows and
nursing sows are cared by the tribal women with utmost important which is same as
traditional pig rearing practices which is followed at Kebar and Manokwari where
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pregnant females get top prior attention on feeding and management and they are
kept as close to the tribal house and also supplied good quality food, water and
shelter to them. It is also reported that sows in their last stage of pregnancy go to the
jungle, farrow there and do not return to tribal shelter until 2 to 3 weeks, later
bringing along with piglets. As farrowing occurred in the forest, exact litter size and
piglet mortality are not known. Based on tribal farmers assumption, it is revealed
that the mean age at first farrowing (months), litter size (number) and farrowing
interval (months) were 10.8 � 0.8, 6.8 � 0.4 and 8.3 � 0.4, respectively. It is
reported that the teat number in Nicobari sows is varied from 5 to 6 pairs indicated
that it has higher fecundity. The pigs are observed with good mothering character-
istics. No weaning practice is followed. There is no information about the pre or
post weaning mortality in pigs [7, 10–12].

The tribes have the knowledge and benefits of castration. It was believed that the
castration might improve the body weight gain of pigs and makes the male pig more
docile. Castration practices revealed that it was found that 94% of the farmers used
to castrate their male pigs at the age of 3–4 months. Among the male piglets, the
piglets with better vigour, body weight and health are not castrated; they are kept
for breeding purpose. These practices indicate that the tribes have the knowledge of
selection of good boar for breeding. Castration is performed in the dry season. The
farmers use a surgical method of castration [7, 10–12].

One study was conducted to assess the effect of intensive and extensive system on
different reproductive parameters. Results revealed that age at first oestrus
(160.10 � 6.83 vs. 173.6 � 2.91 days), oestrus duration (66.00 � 0.44 vs.
88.56 � 3.57 hrs), age at first mating (160.00� 5.77 vs. 188.10 � 2.41 days), gestation
period (114.64 � 0.23 vs. 116.12 � 0.11 days), age at first farrowing (301.70 � 2.4 vs.
319.20 � 4.25 days), farrowing interval (226.00 � 6.20 vs. 242.40 � 4.84 days), litter
size at farrowing (6.50 � 0.34 vs. 7.19 � 0.18), stillbirth (0.20 � 0.01 vs. 0.59 � 0.04
number per sow) and mortality (0.22 � 0.08 vs. 0.68 � 0.02 number per sow) are
significantly lower in intensive system than free range system in female animals.
Similarly oestrus cycle duration (26.09 � 0.22 vs. 21.01 � 0.20 days), litter weight at
birth (0.83 � 0.29 vs. 0.79 � 0.71 kg), litter size at weaning (5.33 � 0.33 vs.
5.23� 0.14), litter weight at weaning (31.28� 3.19 vs. 24.52� 3.15 kg) and litter weight
at weaning (31.28 � 3.19 vs. 24.52 � 3.15 kg) are higher in intensive than in extensive
system of rearing. In male, age at first mating (156.30� 2.08 vs. 143.1� 2.11 days) was
significantly higher in intensive than in the extensive rearing system [19].

Body measurements (cm) such as chest girth (84.45 � 3.01 vs. 93.77 � 3.87),
body length (84.88 � 4.08 vs. 78.56 � 2.77), height at withers (56.11 � 2.44 vs.
60.65 � 2.68) and neck girth (78.10 � 3.40 vs. 67.64 � 3.86) were differed between
male and female Nicobari pigs in Nicobar group of Islands [20]. Similarly, body
weights (kg) were significantly higher in intensive system than in extensive system
in male and female animals at birth (0.86 � 0.05 vs. 0.81� 0.06 and 0.81� 0.09 vs.
0.79 � 0.07), weaning (6.56 � 0.27 vs. 4.95 � 0.15 and 5.17 � 0.12 vs. 4.42 � 0.13),
3 months (8.32 � 0.14 vs. 6.47 � 0.10 and 7.17 � 0.17 vs. 6.15 � 0.15), 6 months
(50.00 � 0.20 vs. 28.39 � 0.30 and 42.27 � 0.32 vs. 26.47 � 0.22), 9 months
(64.00 � 0.27 vs. 38.39 � 0.34 and 54.60 � 1.07 vs. 36.57 � 0.54) and 12 months
(77.50 � 0.29 vs. 43.06 � 0.74 and 66.90 � 1.08 vs. 40.95 � 0.78). It is concluded
that growth and reproductive performances of Nicobari pigs reared under intensive
system has significantly higher beneficial than in free-range system [19].

2.7 Identification of pigs

Nicobari tribes identify their pigs in the systematic methods as they create
identical cuts on the piglets’ ears in such a way to easily identify or differentiate the
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piglets from one lineage or joint family to another lineage or family. Generally,
markings resemble the symbols of claw and eyes of the crab, circle, half moon and
similar identification cuts. It is a locally formatted act which is done by experienced
tribal people of that specific lineage or family. In case, the identification cuts are
wrong, the particular pig is killed and slaughtered and the particular concern person
who marked wrongly is forced to eat the whole amount of pork without dividing
with the other fellow Nicobarese. Such of different categories of ear cuts are visible
in animals of the Nicobarese to know or identify the specific pig owner. In case no
such identifications are seen on the pig ears, indicated that this is considered as wild
boar and any person can hunt it for personnel purpose or consumption. In case
mistakenly hunted the domestic one in the forest, it is given back to the concerned
family by identifying its symbol on its ear. Pig slaughtering during ceremonial or
any other domestic purposes, Nicobarese first remove the elongated piece of pork
right from the earmarks to tail and displayed in front of the concerned house to
prove its identity. Otherwise it is believed that others may mistake of its
authenticity [15].

2.8 Pig trapping techniques and tools

Nicobarese generally uses the technique of hinkuoñn for catching the pig. In this
technique, a tight rope is placed at different locations in the soil dibbled strong
sticks and a round rope trap is located on ground close to its feeding trough or
drinking water points. Finally it is attached to stick which is in the custody of hunter
who hides in the nearby bush or tree, whenever it entangles the prey it tightly pull
and caught by the waiting hunting party [15]. Hinkuoñn is a kind of trap used to
catch pigs in the forest. An elongated rope is tied to a stick and a knot is made
intermittently to facilitate easy tie of the rope to the leg of the pig. It is kept nearer
to the regular feeding place and calls their hogs. When the pigs turn up for feeding
are caught into trap [15].

2.9 Disease management practices

Lack of feed is found to be the biggest constraint. The main disease constraints
are swine fever, parasitic diseases and respiratory problems. Swine fever as the
main disease constraint in Nicobar pigs in Nicobar group of Islands. It was reported
in the last decade, there was an outbreak of swine fever which caused mortality in
young and adult pigs. A vaccination program against swine fever had been
implemented by the Veterinary Department of Andaman and Nicobar Administra-
tion. Higher prevalence of parasitic diseases has also been observed. Worm infec-
tion is diagnosed by discerning of abdomen (67%), unthriftiness (43%) and poor
appetite (41%). Only 33% of farmers practiced deworming. Other than diseases, the
pigs were killed by the predators like python in the forest and street dogs [7]. There
are various conditions such as natural calamities (tsunami and earthquake), preda-
tors (Reticulated pythons), outbreak of disease (swine fever) and non-availability
of scientific breeding and farming practices leads to severe threat to the Nicobari
pigs. Upto date there is three swine fever outbreaks have been observed from these
Andaman and Nicobar islands. Nicobari pig breed which is available in Nicobar
Islands are very much susceptible to this swine fever disease. The sero prevalence of
swine fever was 41.75%, of which Lapathy in Car-Nicobar showed highest Sero-
prevalence of 21.87% followed by Diglipur (18.75%), Nancowry (14.28%) and
Tamaloo (Car Nicobar, 3.13%). The prevalence of Ascariasis, infestation with tape
worm and abnormal nutritional deficiencies were reported in pigs in Andaman and
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pregnant females get top prior attention on feeding and management and they are
kept as close to the tribal house and also supplied good quality food, water and
shelter to them. It is also reported that sows in their last stage of pregnancy go to the
jungle, farrow there and do not return to tribal shelter until 2 to 3 weeks, later
bringing along with piglets. As farrowing occurred in the forest, exact litter size and
piglet mortality are not known. Based on tribal farmers assumption, it is revealed
that the mean age at first farrowing (months), litter size (number) and farrowing
interval (months) were 10.8 � 0.8, 6.8 � 0.4 and 8.3 � 0.4, respectively. It is
reported that the teat number in Nicobari sows is varied from 5 to 6 pairs indicated
that it has higher fecundity. The pigs are observed with good mothering character-
istics. No weaning practice is followed. There is no information about the pre or
post weaning mortality in pigs [7, 10–12].

The tribes have the knowledge and benefits of castration. It was believed that the
castration might improve the body weight gain of pigs and makes the male pig more
docile. Castration practices revealed that it was found that 94% of the farmers used
to castrate their male pigs at the age of 3–4 months. Among the male piglets, the
piglets with better vigour, body weight and health are not castrated; they are kept
for breeding purpose. These practices indicate that the tribes have the knowledge of
selection of good boar for breeding. Castration is performed in the dry season. The
farmers use a surgical method of castration [7, 10–12].

One study was conducted to assess the effect of intensive and extensive system on
different reproductive parameters. Results revealed that age at first oestrus
(160.10 � 6.83 vs. 173.6 � 2.91 days), oestrus duration (66.00 � 0.44 vs.
88.56 � 3.57 hrs), age at first mating (160.00� 5.77 vs. 188.10 � 2.41 days), gestation
period (114.64 � 0.23 vs. 116.12 � 0.11 days), age at first farrowing (301.70 � 2.4 vs.
319.20 � 4.25 days), farrowing interval (226.00 � 6.20 vs. 242.40 � 4.84 days), litter
size at farrowing (6.50 � 0.34 vs. 7.19 � 0.18), stillbirth (0.20 � 0.01 vs. 0.59 � 0.04
number per sow) and mortality (0.22 � 0.08 vs. 0.68 � 0.02 number per sow) are
significantly lower in intensive system than free range system in female animals.
Similarly oestrus cycle duration (26.09 � 0.22 vs. 21.01 � 0.20 days), litter weight at
birth (0.83 � 0.29 vs. 0.79 � 0.71 kg), litter size at weaning (5.33 � 0.33 vs.
5.23� 0.14), litter weight at weaning (31.28� 3.19 vs. 24.52� 3.15 kg) and litter weight
at weaning (31.28 � 3.19 vs. 24.52 � 3.15 kg) are higher in intensive than in extensive
system of rearing. In male, age at first mating (156.30� 2.08 vs. 143.1� 2.11 days) was
significantly higher in intensive than in the extensive rearing system [19].

Body measurements (cm) such as chest girth (84.45 � 3.01 vs. 93.77 � 3.87),
body length (84.88 � 4.08 vs. 78.56 � 2.77), height at withers (56.11 � 2.44 vs.
60.65 � 2.68) and neck girth (78.10 � 3.40 vs. 67.64 � 3.86) were differed between
male and female Nicobari pigs in Nicobar group of Islands [20]. Similarly, body
weights (kg) were significantly higher in intensive system than in extensive system
in male and female animals at birth (0.86 � 0.05 vs. 0.81� 0.06 and 0.81� 0.09 vs.
0.79 � 0.07), weaning (6.56 � 0.27 vs. 4.95 � 0.15 and 5.17 � 0.12 vs. 4.42 � 0.13),
3 months (8.32 � 0.14 vs. 6.47 � 0.10 and 7.17 � 0.17 vs. 6.15 � 0.15), 6 months
(50.00 � 0.20 vs. 28.39 � 0.30 and 42.27 � 0.32 vs. 26.47 � 0.22), 9 months
(64.00 � 0.27 vs. 38.39 � 0.34 and 54.60 � 1.07 vs. 36.57 � 0.54) and 12 months
(77.50 � 0.29 vs. 43.06 � 0.74 and 66.90 � 1.08 vs. 40.95 � 0.78). It is concluded
that growth and reproductive performances of Nicobari pigs reared under intensive
system has significantly higher beneficial than in free-range system [19].

2.7 Identification of pigs

Nicobari tribes identify their pigs in the systematic methods as they create
identical cuts on the piglets’ ears in such a way to easily identify or differentiate the
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piglets from one lineage or joint family to another lineage or family. Generally,
markings resemble the symbols of claw and eyes of the crab, circle, half moon and
similar identification cuts. It is a locally formatted act which is done by experienced
tribal people of that specific lineage or family. In case, the identification cuts are
wrong, the particular pig is killed and slaughtered and the particular concern person
who marked wrongly is forced to eat the whole amount of pork without dividing
with the other fellow Nicobarese. Such of different categories of ear cuts are visible
in animals of the Nicobarese to know or identify the specific pig owner. In case no
such identifications are seen on the pig ears, indicated that this is considered as wild
boar and any person can hunt it for personnel purpose or consumption. In case
mistakenly hunted the domestic one in the forest, it is given back to the concerned
family by identifying its symbol on its ear. Pig slaughtering during ceremonial or
any other domestic purposes, Nicobarese first remove the elongated piece of pork
right from the earmarks to tail and displayed in front of the concerned house to
prove its identity. Otherwise it is believed that others may mistake of its
authenticity [15].

2.8 Pig trapping techniques and tools

Nicobarese generally uses the technique of hinkuoñn for catching the pig. In this
technique, a tight rope is placed at different locations in the soil dibbled strong
sticks and a round rope trap is located on ground close to its feeding trough or
drinking water points. Finally it is attached to stick which is in the custody of hunter
who hides in the nearby bush or tree, whenever it entangles the prey it tightly pull
and caught by the waiting hunting party [15]. Hinkuoñn is a kind of trap used to
catch pigs in the forest. An elongated rope is tied to a stick and a knot is made
intermittently to facilitate easy tie of the rope to the leg of the pig. It is kept nearer
to the regular feeding place and calls their hogs. When the pigs turn up for feeding
are caught into trap [15].

2.9 Disease management practices

Lack of feed is found to be the biggest constraint. The main disease constraints
are swine fever, parasitic diseases and respiratory problems. Swine fever as the
main disease constraint in Nicobar pigs in Nicobar group of Islands. It was reported
in the last decade, there was an outbreak of swine fever which caused mortality in
young and adult pigs. A vaccination program against swine fever had been
implemented by the Veterinary Department of Andaman and Nicobar Administra-
tion. Higher prevalence of parasitic diseases has also been observed. Worm infec-
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Nicobar Islands. A mild outbreak of Foot and Mouth Disease (FMD-type O) in pig
was reported just after the episode of tsunami, 2004 [5].

2.10 Complete uterine prolapse-a case report

A Nicobari sows aged 2 years with complete prolapsed uterus was presented for
treatment. History revealed that farrowing was normal and the hanging of pro-
lapsed uterus was unnoticed for long period in the night time after farrowing.
Everted uterine horns were protruded from vulva in clinical examination. The
uterine masses which prolapsed were severely congested as well as oedematous. The
values of body temperature, pulse and respiration rate were 102°F, 95/minute and
17/minute respectively. The prolapsed mass was cleaned with cold potassium per-
manganate (1:1000) solution. Ice packs were applied to reduce oedema. The rear
part of the animals was elevated by placing gunny bags. After that attempts were
given to replace the everted organ by gently pushing to its original position. How-
ever, the sow died due to prolonged exposure of complete prolapse in Nicobari
pig [21].

2.11 Conservation of Nicobari pigs

Nicobari pig breed is believed as a local/indigenous pig germplasm belongs to
this Andaman and Nicobar island territories. The external/phenotypic parameters
revealed that this Nicobari pig breed is indigenous/ ethnic to these bay islands and
their presence was reported since many decades. Nicobari pig revealed higher
prolificacy as litter size varies from 8 to 10 numbers as well as lower preweaning
mortality prevailed. Castrated boar and adult sow revealed significantly higher
body weight (110-160 kg). The pigs are reared and considered as family asset
among the tribal. No commercial farms or sale of meat is practiced. However, most
of the pigs are slaughtered mostly during festive seasons or family/community
ceremony. Awareness programme on conservation of indigenous pig germplasm
and training on scientific pig farming is given for the Tribal and island farmers
[11, 12]. Tribal families were identified for maintaining /conserving the pig
germplasm.

3. Andaman local pig

3.1 Physical characterisation

Andaman local pig (ALP) has been introduced by settlers in these Islands from
mainland India. This ALP is one of the indigenous pig breeds of Andaman group of
islands and is mostly found in Baratang and Mayabunder area of Andaman. Its body
coat colour differs from rusty grey to black or brown. Neck and back portion hair
are very thick as well as long whereas hair on the sides and flank regions are shorter
and thinner relatively. The adult male body weight varies from 75 to 80 kg female
body weight varies from 60 to 70 kg. Age at first farrowing is about 300 days with
litter size of about 7-8. They maintain good health with low plane of nutrition [22].

ALP is very well adapted and tolerable to the different tropical humid harsh
environmental conditions with higher relative humidity, higher temperature as well
as higher temperature humidity index. Further, these local indigenous Andaman
local pigs are scavengers and also semi-wild in their behaviour and character. The
Andaman local pigs have good mother caring ability and are more aggressive at
farrowing or delivery time. Although the ALPs have lower in their growth rate and
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reproductive and productive performances, it is highly liked by the rural tribal
communities for supplementation of sufficient protein and income for the family.
The ALP is associated with the socio-culture-economic-tradition of tribals.
Andaman local pig is in general as semi-feral in behaviour and is mostly reared in
extensive or free-range system with little amount of management. Mitogenome
analysis revealed that this ALP can be evolved as an independent breed in Andaman
and Nicobar Islands as merit for registration as a recognised pig breed [8]. This
indigenous local pig is under the endangered position and immediate preservation,
conservation propagation effort is need to be taken to safeguard the indigenous pig
breed from disappearance [7].

3.2 Genetic characterisation

Microsatellite markers have been used widely for the genetic characterisation of
animal breeds including pig [23–26]. The microsatellites are used to assess the
genetic diversity at higher level among the large genetic resource pools of pigs
throughout the world [25]. Andaman local pig was characterised by 23 FAO
recommended microsatellite markers. The allele size range, observed and effective
number of alleles, observed and expected heterozygosity and polymorphic infor-
mation content (PIC) at 23 loci in Andaman local pig is explained. The allele size
range varies from 86 to 116 bp at locus SW936 to 280–296 at locus IGFI. The alleles’
total number is ranged between 5 (SW122, S0228, SW951, S0178 and SW24) and 12
(S0355). The effective number of alleles ranges from 3.14 (SW24) to 8.1 (S0355).
The mean expected and observed number of alleles for all the different 23 loci in
Desi pigs of Andaman are 5.09 � 0.20 and 7.04 � 0.37, respectively [18]. The mean
value of effective number of alleles for Andaman local pig is found higher than
South-African pig breeds, Mozambique (8.45), Kolbroek (6.18) and Kune-Kune
(5.97) but is lower than Duroc (3.98) [27]. The mean effective number of alleles of
the Indian pig breeds Desi, Gahuri and Ankamali are 5.00, 5.33 and 5.34 respec-
tively [28]. Higher allele numbers in India populations than in European breeds
indicated that isolation and selection effects of these pig populations have been mild
or minimum. Andaman local pig has the observed heterozygosities is lower than the
expected value at the 22nd loci in S0005. The mean expected and observed hetero-
zygosities are 0.77 � 0.01 and 0.69 � 0.01, respectively. The mean PIC for all the 23
studied loci is 0.74 � 0.01. The genetic diversity in Andaman local pig is higher than
the European pig breeds. The PIC is higher than Large White Yorkshire but com-
parable with other Indian pig breeds like Desi, Gahuri and Ankamali [28]. PIC
values of all the microsatellite loci are above 0.5 which indicates that the microsat-
ellite loci are suitable for detection of genetic diversity in Andaman local pig. Mean
observed and expected heterozygosities of 23 microsatellite loci of Andaman local
pig are found high indicating high genetic diversity of this pig breed. From the micro-
satellite data, it is also found that this pig breed is distinguishable from other pig breeds.
As the pig breed is under the threat of extinction due to extensive cross breeding,
serious effort must be initiated to conserve this breed in its breeding tract [18].

3.3 Reproductive profiles

Reproductive parameters such as litter size at birth (no.), total and individual
litter weight at birth (kg), litter size at weaning (no.), total and individual litter
weight at weaning (kg) and pre and post-weaning mortality (%) are recorded.
Growth parameters such as body weights (kg) from month 1 to 9 are recorded.
Dressing percentage, fat thickness, percentage of lean, fat, meat: bone ratio and also
bone are recorded for Andaman local pigs in separately for male and female pigs [20].
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and thinner relatively. The adult male body weight varies from 75 to 80 kg female
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as higher temperature humidity index. Further, these local indigenous Andaman
local pigs are scavengers and also semi-wild in their behaviour and character. The
Andaman local pigs have good mother caring ability and are more aggressive at
farrowing or delivery time. Although the ALPs have lower in their growth rate and
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reproductive and productive performances, it is highly liked by the rural tribal
communities for supplementation of sufficient protein and income for the family.
The ALP is associated with the socio-culture-economic-tradition of tribals.
Andaman local pig is in general as semi-feral in behaviour and is mostly reared in
extensive or free-range system with little amount of management. Mitogenome
analysis revealed that this ALP can be evolved as an independent breed in Andaman
and Nicobar Islands as merit for registration as a recognised pig breed [8]. This
indigenous local pig is under the endangered position and immediate preservation,
conservation propagation effort is need to be taken to safeguard the indigenous pig
breed from disappearance [7].
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animal breeds including pig [23–26]. The microsatellites are used to assess the
genetic diversity at higher level among the large genetic resource pools of pigs
throughout the world [25]. Andaman local pig was characterised by 23 FAO
recommended microsatellite markers. The allele size range, observed and effective
number of alleles, observed and expected heterozygosity and polymorphic infor-
mation content (PIC) at 23 loci in Andaman local pig is explained. The allele size
range varies from 86 to 116 bp at locus SW936 to 280–296 at locus IGFI. The alleles’
total number is ranged between 5 (SW122, S0228, SW951, S0178 and SW24) and 12
(S0355). The effective number of alleles ranges from 3.14 (SW24) to 8.1 (S0355).
The mean expected and observed number of alleles for all the different 23 loci in
Desi pigs of Andaman are 5.09 � 0.20 and 7.04 � 0.37, respectively [18]. The mean
value of effective number of alleles for Andaman local pig is found higher than
South-African pig breeds, Mozambique (8.45), Kolbroek (6.18) and Kune-Kune
(5.97) but is lower than Duroc (3.98) [27]. The mean effective number of alleles of
the Indian pig breeds Desi, Gahuri and Ankamali are 5.00, 5.33 and 5.34 respec-
tively [28]. Higher allele numbers in India populations than in European breeds
indicated that isolation and selection effects of these pig populations have been mild
or minimum. Andaman local pig has the observed heterozygosities is lower than the
expected value at the 22nd loci in S0005. The mean expected and observed hetero-
zygosities are 0.77 � 0.01 and 0.69 � 0.01, respectively. The mean PIC for all the 23
studied loci is 0.74 � 0.01. The genetic diversity in Andaman local pig is higher than
the European pig breeds. The PIC is higher than Large White Yorkshire but com-
parable with other Indian pig breeds like Desi, Gahuri and Ankamali [28]. PIC
values of all the microsatellite loci are above 0.5 which indicates that the microsat-
ellite loci are suitable for detection of genetic diversity in Andaman local pig. Mean
observed and expected heterozygosities of 23 microsatellite loci of Andaman local
pig are found high indicating high genetic diversity of this pig breed. From the micro-
satellite data, it is also found that this pig breed is distinguishable from other pig breeds.
As the pig breed is under the threat of extinction due to extensive cross breeding,
serious effort must be initiated to conserve this breed in its breeding tract [18].

3.3 Reproductive profiles

Reproductive parameters such as litter size at birth (no.), total and individual
litter weight at birth (kg), litter size at weaning (no.), total and individual litter
weight at weaning (kg) and pre and post-weaning mortality (%) are recorded.
Growth parameters such as body weights (kg) from month 1 to 9 are recorded.
Dressing percentage, fat thickness, percentage of lean, fat, meat: bone ratio and also
bone are recorded for Andaman local pigs in separately for male and female pigs [20].
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Significantly higher body weights are observed from month 1 to 9 under inten-
sive system in male than in female pigs. The rate of body weight growth in different
months revealed that the rate between first and second months was 37.10% and this
rate has been increased from second (15.39%), third (17.79%) and fifth months
(22.81%) and then decreased from fifth (13.42%), sixth (12.45%), seventh (2.87%),
eighth (3.14%) to ninth months (2.34%) in male pigs. Similar trend is also observed
in female pigs as in month 1 (37.39%), month 2 (15.96%), month 3 (18.28%), month
4 (21.18%), month 5 (16.56%), month 6 (9.93%), month 7 (4.09%), month 8
(3.21%) and month 9 (1.64%). In overview, the body weight of female pig is
significantly lower than the male pig (47.87 vs. 52.12%) with an average of 42.66
and 46.18 kg, respectively for female and male pigs [20].

Weight of total litter size, litter size at birth, and individual at birth, litter size at
weaning, weight of total litter size and individual at weaning and pre and post
weaning mortality differs significantly between male and female pigs at the rate of
17.72, 9.94, 7.79, 3.41, 5.18, 34.19 and 23.46%, respectively. The male has signifi-
cantly higher value than in female with respect to all these parameters except the
pre and post weaning mortality which are significantly higher in female than in
male. However, these values are within the normal range of pigs of indigenous
population [20].

One study was conducted to assess the reproductive parameters in Andaman
local pigs. Results revealed that these reproductive parameters such as litter size at
birth (3.87 � 0.16 vs. 3.17 � 0.12), average individual weight at birth (1.66 � 0.02
vs. 1.42 � 0.02 kg), litter weight at birth (6.41 � 0.27 vs. 4.48 � 0.17 kg), litter size
at weaning (3.33 � 0.13 vs. 3.11 � 0.11), average individual weight at weaning
(10.55 � 0.09 vs. 9.51 � 0.06 kg), litter weight at weaning (35.08 � 0.31 vs.
29.56 � 0.19 kg), pre-weaning mortality (8.87 � 0.12 vs. 4.35 � 0.08%) and post
weaning mortality (3.42 � 0.11 vs. 2.12 � 0.03%) were significantly higher in male
than in female animals. Similarly body weight (kg) at 1st Month (6.67 � 0.15 vs.
5.96 � 0.20), 2nd month (14.51 � 0.18 vs. 13.08 � 0.18), 3rd month (19.79 � 0.22
vs. 18.05 � 0.19), 4th month (28.36 � 0.24 vs. 26.13 � 0.29), 5th month
(45.13 � 0.17 vs. 40.77 � 0.27), 6th month (59.13 � 0.30 vs. 56.96 � 0.27), 7th
month (75.96 � 0.29 vs. 69.53 � 0.39), 8th month (80.45 � 0.14 vs. 75.47 � 0.22)
and 9th month (85.67 � 0.23 vs. 78.00 � 0.37) was significantly higher in male than
in female animals in Andaman local pigs [20].

3.4 Semen collection and artificial insemination

Cross breeding with the use of Artificial insemination (AI) can be a tool to
upgrade genetically inferior local pigs and avoid inbreeding that usually happens
with less number of available breeding boars or small pig population. The purpose
of semen preservation for AI is to maximise the use of superior germplasm with
extended sperm viability but without much effect on the sperm fertility essential
for successful breeding. With the aforesaid vision, semen collection was attempted
in Andaman local pigs using gloved hand technique. This is for the first time to be
reported in Andaman local pigs.

Preliminary study indicated that Andaman local pig has released total semen
volume, gel free semen and gel in semen volume was 220, 30 and 190 ml, respec-
tively, and pH of semen was found to be 7.5. Objective assessment of total and
progressive sperm motility was done which were 80 and 75%, respectively. Sperm
concentration was estimated with use of haemocytometer chamber and count is
210x106/ml. Morphometric measurements of pig spermatozoa with software
enabled microscope were performed. Average head length, head width, tail length
and full sperm length was observed to be 9.42, 5.24, 43.93 and 52.37 μm,
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respectively. The preserved liquid semen was used for artificial insemination pur-
pose in the organised pig breeding farm, ICAR-CIARI, Port Blair, India and the sow
was conceived and farrowed 5 piglets in the year 2019 [29].

3.5 Carcass characteristics

Carcass characters such as dressing percentage, meat: bone ratio and fat thick-
ness are not significantly different between male and female pigs whereas other
parameters such as percentage of lean, fat and bone differs significantly between
them. Percentage of fat (10.10%) in female and lean meat percentage (4.80%) and
bone percentage (7.20%) in male are significantly higher than those in the other sex.
Carcass characteristics such as dressing percentage (76.54 � 0.31 vs. 75.52 � 0.41),
meat: bone ratio (5.53 � 0.15 vs. 5.69 � 0.15), fat thickness (5.55 � 0.18 vs.
5.61 � 0.16 cm), lean meat percentage (58.79 � 0.36 vs. 53.4 � 0.41; p < 0.05), fat
percentage (30.37 � 0.25 vs. 37.2 � 0.20; p < 0.05) and bone percentage
(10.86 � 0.24 vs. 9.4� 0.23; p < 0.05) differed between male and female Andaman
local pigs [5].

3.6 Feeding practices

Locally available feed resources such as rice bran, maize, wheat, coconut, taro
(Colocasia esculenta and Colocasia antiquorum), tapioca, kitchen/ hotel waste, vege-
table waste and poultry offal are fed to the indigenous local pigs in Andaman and
Nicobar Islands [4]. In general, feed, fodder and soil of these Islands are deficient in
minerals particularly Zn and is limiting factor for the growth of the pig. Age at
puberty, age at first conception, age at first furrowing, litter size at birth, individual
and total litter weight at birth, litter size at weaning, individual and total litter
weight at weaning and weaning percentage are found significantly increased in pigs
treated with 80 ppm zinc as zinc sulphate in Andaman local pig and its crossbred.
Similarly, the fortnightly body weight gain (kg), total weight gain (kg) and the
average daily weight gains (ADWG) are significantly higher in Zn supplemented
Andaman local pigs and its crossbred [6].

3.7 Mastitis-Metritis-Agalactia (MMA) syndrome

Mastitis-Metritis-Agalactia (MMA) syndrome causes huge economical losses in
the swine industry. Andaman local sow aged 3 years with the history of farrowing
18 days ago and complaint of anorexia, restlessness and inattentive towards her
piglets, agalactia and lameness was presented with the elevated rectal temperature,
congested mucus membrane, swollen painful mammary glands with foul smelling
muco-purulent vulval discharge. Based on the visible clinical signs, sow was tenta-
tively diagnosed as suffered from mastitis-metritis-agalactia syndrome. The affected
sow was treated with ice fomentation, cleaning with liquid soap, application of
Lugol’s iodine solution and antiseptic ointment on the udder, injection of gentamicin,
streptopenicillin, non-steroidal anti-inflammatory drug, prostaglandin F2α, intra-
uterine infusion of normal saline followed by Lugol’s iodine solution along with
supportive therapy with multivitamin and hydrotherapy in water bath. The pig was
fed with boiled chicken eggs for supports to her health. The piglets were fed with
toned cow milk during the treatment regimen along with creep feed. On day 3rd post
treatment, the sow was recovered and allowed the piglets to suckle. Thus the quick
diagnosis and prompt treatment saved the pigs from the life threatening syndrome
along with eliminating the pre-weaning piglet mortality. The MMA prevalence could
be reduced through optimization of husbandry, feeding and managemental practices.
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respectively. The preserved liquid semen was used for artificial insemination pur-
pose in the organised pig breeding farm, ICAR-CIARI, Port Blair, India and the sow
was conceived and farrowed 5 piglets in the year 2019 [29].
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Carcass characters such as dressing percentage, meat: bone ratio and fat thick-
ness are not significantly different between male and female pigs whereas other
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treated with 80 ppm zinc as zinc sulphate in Andaman local pig and its crossbred.
Similarly, the fortnightly body weight gain (kg), total weight gain (kg) and the
average daily weight gains (ADWG) are significantly higher in Zn supplemented
Andaman local pigs and its crossbred [6].

3.7 Mastitis-Metritis-Agalactia (MMA) syndrome

Mastitis-Metritis-Agalactia (MMA) syndrome causes huge economical losses in
the swine industry. Andaman local sow aged 3 years with the history of farrowing
18 days ago and complaint of anorexia, restlessness and inattentive towards her
piglets, agalactia and lameness was presented with the elevated rectal temperature,
congested mucus membrane, swollen painful mammary glands with foul smelling
muco-purulent vulval discharge. Based on the visible clinical signs, sow was tenta-
tively diagnosed as suffered from mastitis-metritis-agalactia syndrome. The affected
sow was treated with ice fomentation, cleaning with liquid soap, application of
Lugol’s iodine solution and antiseptic ointment on the udder, injection of gentamicin,
streptopenicillin, non-steroidal anti-inflammatory drug, prostaglandin F2α, intra-
uterine infusion of normal saline followed by Lugol’s iodine solution along with
supportive therapy with multivitamin and hydrotherapy in water bath. The pig was
fed with boiled chicken eggs for supports to her health. The piglets were fed with
toned cow milk during the treatment regimen along with creep feed. On day 3rd post
treatment, the sow was recovered and allowed the piglets to suckle. Thus the quick
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This is first report of MMA syndrome in Andaman local pig in Andaman and Nicobar
Islands that too affected after 18 days of farrowing [30].

3.8 Foster mother behaviour

Piglet movement from one sow to another is known as fostering which is fre-
quently observed when the number of piglets a sow gives birth to do not match her
rearing ability. This practice is very common in Andaman local pigs. Andaman local
sow aged 3 years farrowed 6 piglets with good health condition. At the near
farrowing room, another Andaman local pig farrowed 8 piglets with good health
condition. The second Andaman local sow died due to complete uterine prolapse.
These orphan piglets were allowed to suck in another normal sow. The unaffected
sow accepted and fostered till the weaning age.

3.9 Coprophagia behaviour

The coprophagy was observed in Andaman local pig is autocoprophagy (eating
its own faeces). This may possibly to rebalance their microbiome or to ingest
missing nutrients. Coprophagy is thought to be a source of vitamins B and K,
produced by gut bacteria.

3.10 Placentophagy behaviour

An Andaman local sow aged 2 years was observed to eat her own placenta after
1-2 hours of farrowing. History revealed that the farrowing was normal with 6
piglets, sow was late attended and the placenta was eaten by dam. Body tempera-
ture, pulse and respiration rate were observed within the range. It is advised to
attend sow after farrowing along with feeding the pig with good balanced diet
enriched with vitamin and mineral supplements.

3.11 Complete mitochondrial genome sequence of indigenous pig germplasm

The complete mitochondrial DNA sequences of Nicobari pig and Andaman local
pig were submitted to GenBank with the accession numbers MK248681 and
MK248682, respectively. Both the Nicobari as well as Andaman local pigs have the
length of the mitogenome of 16,613 bp and are have 37 encoded genes which include
protein coding genes (13 PCGs), two rRNAs and 22 tRNAs. In addition, one AþT rich
region (D-loop) was present. The orientation and order of the genes was same as to
the mitogenomes of similar vertebrate species. Protein coding genes were located on
heavy strand except ND6. Start codons for 13 protein coding genes were having ATN
codon followed by truncated/ abbreviated stop codon was found in ND1, COX3,
ND2, ND4 and ND3. From the phylogenetic tree, it was found that Nicobari pig has
close phylogenetic relationship with Banna mini and Breed I pig, whereas Andaman
local pig is close to Mong Cai and Jinhua pig. Mitogenome analysis on local indigenous
pig breeds revealed that the analysis will be useful to format conservation strategy of
the swine breeds in Andaman and Nicobar islands [8].

4. Andaman wild pig (Sus scrofa andamanensis)

Long snouted Little Andaman wild pig (Schedule II animal under Forest Act,
India) is a threatened and endangered in Andaman and Nicobar Islands. Andaman
wild pig is preferred by the local people as a meat source. Wild pig of Andaman is
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commonly spread at the Jarawa as well as Onge tribal forest reserve areas of
Andaman group of islands. The Jarawa tribes also prefer this wild pig. They are
being poached by the primitive Jarawa tribes and are the main source of protein for
them from time immemorial. Due to unauthorised poaching, the number of this
wild pig is reducing day by day, which needs attention for its conservation.
Andaman wild pig was once found all over in the forests of the Andaman group of
Islands, but have become extremely rare and currently the last strong holds are the
Jarawa Reserve forest area, Rutland and Little Andaman Islands. It is a scheduled
animal, black in colour, short legged, small to medium sized and a prolific breeder.
As per the literature, Andaman wild pig has the litter size (number) from 4 to 7;
however, due to unavailability of food and water and illegal hunting, their numbers
has been decreasing very fast in Andaman and Nicobar Islands. Presently, this pig
comes under schedule I Part I of theWild Life (Protection) Act of India, 1972. These
wild pigs of Andaman are well adapted physiologically and anatomically to this
island ecosystem over the many centuries as they are native of these islands. They
are black in colour, short legged, small to medium sized animal and very active,
alert and fast runner [22].

4.1 Physical profiles

Body height of Andaman wild pig was measured as 20 inch at the level of
shoulder with the compact body. The pig is very active, wild expression and a fast
running animal. The RBC concentration, PCV and Haemoglobin concentration were
found very high [22]. The phenotypic characters of male pig (in inches) are
presented as body length (from shoulder to base of tail): 23, body height at shoulder
level: 20, neck width: 15.5, ear length: 3, ear width: 3, Leg length; 9, hoof circum-
ference: 2.5, tail length: 4, abdomen width: 20.5, chest width: 21.5, testis length: 2.5,
testis width: 2 and body weight based on chest girth: 16 kg [31]. Boden Kloss [14]
observed that the pigs (Sus scrofa andamanensis) in Andaman islands appeared were
diminutive in stature and the fully grown boar was only 20 inches high at the
shoulder.

4.2 Haematological profiles

The blood profiles of Andaman wild male pig revealed that the RBC: 9.72 x 106/
μL, MCV: 63.1 f1, PCV: 61.3%, MCH: 17.77 pg., MCHC: 28.17 g/dl, Hgb: 17.27 g/dL.
The leucocytic parameters of Andaman wild male pig revealed that the WBC: 35.12
103/μL, lymphocyte: 62.80%, monocyte: 8.37%, neutrophils: 4.80%, eosinophils:
21.37% and basophils: 0.70%. The thrombocytic parameters of Andaman wild male
pig revealed that the platelet: 696.00 103/μL, MPV: 6.83 f1, Pct: 0.43% and PDW:
11.90 [22]. The WBC is also found high in Andaman wild pig. WBC count of
Andaman wild pig is higher than that reported in wild boar of Croatia [32].

4.3 Comparision study among the wild, indigenous and exotic pigs

This comparision study was conducted in Andaman and Nicobar islands. Blood
indices revealed that PCV, RBC and Hgb were significantly higher in Andaman
wild pig than in other all pig breeds (Nicobari pig, Large White Yorkshire and
Andaman local pig). The RBC, PCV and Hgb of LWY were significantly higher as
compared to Andaman local pig and Nicobari pig. No significant differences in
RBC, PCV and Hgb were found between Andaman local pig and Nicobari pig.
Andaman wild pig has significantly higher Hgb, RBC and PCV indicates that a
higher level of oxygen is required for wild pig as it is a fast running animal
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commonly spread at the Jarawa as well as Onge tribal forest reserve areas of
Andaman group of islands. The Jarawa tribes also prefer this wild pig. They are
being poached by the primitive Jarawa tribes and are the main source of protein for
them from time immemorial. Due to unauthorised poaching, the number of this
wild pig is reducing day by day, which needs attention for its conservation.
Andaman wild pig was once found all over in the forests of the Andaman group of
Islands, but have become extremely rare and currently the last strong holds are the
Jarawa Reserve forest area, Rutland and Little Andaman Islands. It is a scheduled
animal, black in colour, short legged, small to medium sized and a prolific breeder.
As per the literature, Andaman wild pig has the litter size (number) from 4 to 7;
however, due to unavailability of food and water and illegal hunting, their numbers
has been decreasing very fast in Andaman and Nicobar Islands. Presently, this pig
comes under schedule I Part I of theWild Life (Protection) Act of India, 1972. These
wild pigs of Andaman are well adapted physiologically and anatomically to this
island ecosystem over the many centuries as they are native of these islands. They
are black in colour, short legged, small to medium sized animal and very active,
alert and fast runner [22].

4.1 Physical profiles

Body height of Andaman wild pig was measured as 20 inch at the level of
shoulder with the compact body. The pig is very active, wild expression and a fast
running animal. The RBC concentration, PCV and Haemoglobin concentration were
found very high [22]. The phenotypic characters of male pig (in inches) are
presented as body length (from shoulder to base of tail): 23, body height at shoulder
level: 20, neck width: 15.5, ear length: 3, ear width: 3, Leg length; 9, hoof circum-
ference: 2.5, tail length: 4, abdomen width: 20.5, chest width: 21.5, testis length: 2.5,
testis width: 2 and body weight based on chest girth: 16 kg [31]. Boden Kloss [14]
observed that the pigs (Sus scrofa andamanensis) in Andaman islands appeared were
diminutive in stature and the fully grown boar was only 20 inches high at the
shoulder.

4.2 Haematological profiles

The blood profiles of Andaman wild male pig revealed that the RBC: 9.72 x 106/
μL, MCV: 63.1 f1, PCV: 61.3%, MCH: 17.77 pg., MCHC: 28.17 g/dl, Hgb: 17.27 g/dL.
The leucocytic parameters of Andaman wild male pig revealed that the WBC: 35.12
103/μL, lymphocyte: 62.80%, monocyte: 8.37%, neutrophils: 4.80%, eosinophils:
21.37% and basophils: 0.70%. The thrombocytic parameters of Andaman wild male
pig revealed that the platelet: 696.00 103/μL, MPV: 6.83 f1, Pct: 0.43% and PDW:
11.90 [22]. The WBC is also found high in Andaman wild pig. WBC count of
Andaman wild pig is higher than that reported in wild boar of Croatia [32].

4.3 Comparision study among the wild, indigenous and exotic pigs

This comparision study was conducted in Andaman and Nicobar islands. Blood
indices revealed that PCV, RBC and Hgb were significantly higher in Andaman
wild pig than in other all pig breeds (Nicobari pig, Large White Yorkshire and
Andaman local pig). The RBC, PCV and Hgb of LWY were significantly higher as
compared to Andaman local pig and Nicobari pig. No significant differences in
RBC, PCV and Hgb were found between Andaman local pig and Nicobari pig.
Andaman wild pig has significantly higher Hgb, RBC and PCV indicates that a
higher level of oxygen is required for wild pig as it is a fast running animal
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Andaman wild and Nicobari pig are not differed significantly in their MCV, how-
ever, both these pigs were had significantly higher MCV than in Andaman local pig
as well as LWY in Andaman and Nicobar Islands [31]. Higher values of MCV in wild
pigs impute an enhanced need for oxygen [33]. Nicobari pigs are too growing in
open grazing or free range systems; which also fast running animal. The increased
blood profile is due to environmental effect on haematological traits as
haematological and biochemical values may be affected by a wide range of factors,
including environment, season, diet, age and stress [32]. Whereas, MCH of
Nicobari pig was found significantly higher in comparison to all the other pig
breeds, the value was lowest in LWY. However, MCHC did not show significant
differences within the pig breeds. Wild pig of Andaman is well adapted anatomi-
cally and physiologically in the humid tropical climate of Andaman and Nicobar
Islands [31].

The blood leukocyte indices revealed that the WBC was significantly higher in
Andaman wild pig in comparison to Nicobari pigs and was lowest in LWY. Similarly
lymphocyte concentration was significantly lower in LWY than in all the other pig
breeds; however, there was non-significant difference between the Andaman wild
pig, Andaman local pig and Nicobari pig in Andaman and Nicobar Islands. A
significantly higher monocyte was found in LWY as compared to all the other
pig breeds. Wild pig of Andaman had lower neutrophils significantly as
compared to other all pig breeds available in Andaman and Nicobar Islands; LWY
has highest value. Eosinophil was highest in Andaman wild pig followed by
Andaman local pig, Nicobari pig and LWY. No significant differences were found
in basophils among all the pig breeds studied. The neutrophil and lymphocyte
ratio was lowest in Andaman wild pig and was highest in LWY. The MCV of
Andaman wild pig was also significantly higher in comparison to Andaman local
pig and LWY [31].

Blood thrombocytic values in Andaman wild pigs revealed that no significant
(p < 0.05) difference was found in PLT between Andaman wild pig and LWY but
the values were significantly higher in comparison to Andaman local pig and
Nicobari pig. MPV value of LWY was significantly lower in comparison to all the
other pig breeds studied. PCT of Andaman wild pig was significantly higher than
Nicobari pig and LWY but did not differ significantly with Andaman local pig.
PWD of LWY was lowest among all the breeds [31].

The reports on Andaman wild pigs revealed that based on the physical appear-
ance, phenotypic characters and haematological profiles, these pigs are native to
these islands and are well adapted to this island ecosystem over the centuries.
Extensive survey on population status and studies on characterisation (in situ and ex
situ) measures to protect this protected breed and scientific breeding methods
should be implemented [22].

5. Andaman pig crossbred

Andaman cross breed is a cross between Large White Yorkshire and Andaman
local or Nicobari pig. They are dark brown to slight white with different lines of
black colour. This crossbred pigs exhibit high growth rate, fecundity and early
maturity. It has high prolificacy (litter size 8–10 nos.), maternal care and the
average body weight of matured animal varies from 110 to 125 kg. Moreover, this
crossbred is adapted highly to the local tropical humid environmental conditions
and also can adjust with locally available feed resources on the different agricultural
produces. This is highly suitable for commercial production of swine meat in the
island [16].
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Different reproductive parameters like age at puberty (221.67 � 3.99 days), age
at first conception (245.50 � 3.94 days), age at first farrowing (357.00 � 4.07 days)
and various litter traits like litter size at birth (6.17 � 0.48), total litter weight at
birth (7.26 � 0.87 kg), individual litter weight at birth (1.18 � 0.12 kg), litter size at
weaning (5.17 � 0.48), litter weight at weaning (30.46 � 1.98 kg), individual litter
weight at weaning (6.11 � 0.60 kg) and weaning percentage (84.7 � 5.51) were
reported in Large White Yorkshire x Andaman local crossbred pigs [6].

6. Conclusion

Andaman and Nicobar Islands are completely packed with rich biodiversity.
Porcine species occupies 27.26% of total livestock in these islands, of which, 70%
pork consumption in Nicobar group of islands. There are three different groups of
pig groups/breeds in ANI. Andaman Local is in Andaman group of Islands, Nicobari
is in Nicobar group of Islands and Andaman wild pig in Andaman and Nicobar
islands. Besides, crossbreds of LWY are prevalent in this ANIs. Nicobari pig plays
significant roles in custom, festivals and socio-economic status of Nicobari tribes.
Andaman local and Nicobari pigs are reared for meat purpose under free range or
semi-intensive system. Andaman wild pig is an endangered pig germplasm of ANI.
Another pig group is crossbred of LWY with Andaman local or Nicobari pig. This
crossbreed exhibits high growth rate, early maturity and fecundity. In addition, it is
highly adapted to the local environmental conditions and can be reared with locally
available feed resources. This is highly suitable for commercial pork production in
ANI. However, these domestic pig breeds need to be protected and be conserved in
this Andaman and Nicobar group of Islands.

7. Outlook work for future work

7.1 Conservation and propagation strategy

The indigenous porcine population is decreasing gradually in ANI. Therefore
conservation and propagation strategy needs to be established for domestic indige-
nous pig breeds/groups with formation of nucleus of elite flocks in farms [5]. This
can be performed as follow as

• Survey of natural population: this can be performed by scholars or the people
of local community. Survey training would be performed by ICAR-Central
Island Agricultural Research Institute, Port Blair, Andaman and Nicobar
Islands, India

• Establish shelters and farms for producing young ones for distribution.

• Analysis of recording of the breed performance in different conditions and
locations on and off the farm.

• Establishing farms are: With the help of the Tribal Council in Car Nicobar and
Hut Bay, Kamorta, ICAR-CIARI, Mayabunder, Diglipur and Port Blair, help
from Department of Animal Husbandry and Veterinary Science, Andaman and
Nicobar Administration. Creation of multiple centres can help that if one
centre is severely affected by a natural calamity or disaster or disease outbreak,
other remaining centres could help to restore.
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these islands and are well adapted to this island ecosystem over the centuries.
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should be implemented [22].
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Andaman cross breed is a cross between Large White Yorkshire and Andaman
local or Nicobari pig. They are dark brown to slight white with different lines of
black colour. This crossbred pigs exhibit high growth rate, fecundity and early
maturity. It has high prolificacy (litter size 8–10 nos.), maternal care and the
average body weight of matured animal varies from 110 to 125 kg. Moreover, this
crossbred is adapted highly to the local tropical humid environmental conditions
and also can adjust with locally available feed resources on the different agricultural
produces. This is highly suitable for commercial production of swine meat in the
island [16].

222

Landraces - Traditional Variety and Natural Breed

Different reproductive parameters like age at puberty (221.67 � 3.99 days), age
at first conception (245.50 � 3.94 days), age at first farrowing (357.00 � 4.07 days)
and various litter traits like litter size at birth (6.17 � 0.48), total litter weight at
birth (7.26 � 0.87 kg), individual litter weight at birth (1.18 � 0.12 kg), litter size at
weaning (5.17 � 0.48), litter weight at weaning (30.46 � 1.98 kg), individual litter
weight at weaning (6.11 � 0.60 kg) and weaning percentage (84.7 � 5.51) were
reported in Large White Yorkshire x Andaman local crossbred pigs [6].

6. Conclusion

Andaman and Nicobar Islands are completely packed with rich biodiversity.
Porcine species occupies 27.26% of total livestock in these islands, of which, 70%
pork consumption in Nicobar group of islands. There are three different groups of
pig groups/breeds in ANI. Andaman Local is in Andaman group of Islands, Nicobari
is in Nicobar group of Islands and Andaman wild pig in Andaman and Nicobar
islands. Besides, crossbreds of LWY are prevalent in this ANIs. Nicobari pig plays
significant roles in custom, festivals and socio-economic status of Nicobari tribes.
Andaman local and Nicobari pigs are reared for meat purpose under free range or
semi-intensive system. Andaman wild pig is an endangered pig germplasm of ANI.
Another pig group is crossbred of LWY with Andaman local or Nicobari pig. This
crossbreed exhibits high growth rate, early maturity and fecundity. In addition, it is
highly adapted to the local environmental conditions and can be reared with locally
available feed resources. This is highly suitable for commercial pork production in
ANI. However, these domestic pig breeds need to be protected and be conserved in
this Andaman and Nicobar group of Islands.

7. Outlook work for future work

7.1 Conservation and propagation strategy

The indigenous porcine population is decreasing gradually in ANI. Therefore
conservation and propagation strategy needs to be established for domestic indige-
nous pig breeds/groups with formation of nucleus of elite flocks in farms [5]. This
can be performed as follow as

• Survey of natural population: this can be performed by scholars or the people
of local community. Survey training would be performed by ICAR-Central
Island Agricultural Research Institute, Port Blair, Andaman and Nicobar
Islands, India

• Establish shelters and farms for producing young ones for distribution.

• Analysis of recording of the breed performance in different conditions and
locations on and off the farm.

• Establishing farms are: With the help of the Tribal Council in Car Nicobar and
Hut Bay, Kamorta, ICAR-CIARI, Mayabunder, Diglipur and Port Blair, help
from Department of Animal Husbandry and Veterinary Science, Andaman and
Nicobar Administration. Creation of multiple centres can help that if one
centre is severely affected by a natural calamity or disaster or disease outbreak,
other remaining centres could help to restore.

223

Domestic Pig Germplasms of Andaman and Nicobar Islands
DOI: http://dx.doi.org/10.5772/intechopen.95916



• Caution in conservation of the Nicobari pig: In the Andaman Islands, the
Nicobari pigs do not place near the areas where Andaman wild pigs are
reported.

7.2 Feeding practices

The pigs are fed with locally available feed resources and agricultural, horticul-
tural and marine by-products or waste without analysing the chemical composition
or ration. Therefore, it is needed to survey the available local feed resources and
formulate the ration suitable for the pigs for better growth rate and better
production and reproduction performances.

7.3 Breeding programme and artificial insemination

The indigenous pigs are reared in free range or semi-intensive system and
breeding has been occurred in the jungle or forest with dominant boars. This will
create more inbreeding lines which inturn affect the growth rate, reproduction and
production performances. This needs to be addressed with formation of suitable
breeding strategy and artificial breeding programme with use of elite porcine
germplasm.

7.4 Control of diseases

Prevalence of various diseases has been reported in pigs. These diseases should
be analysed in season wise, island wise, age group and sex wise and are to be treated
accordingly. Time schedule for deworming and vaccination protocol are need to be
implemented in different islands of Andaman and Nicobar. As there are many
diseases are zoonotic in nature in pork eating community, therefore, prevention and
control of the diseases in pigs is very important.

7.5 Slaughtering procedure

Pig slaughtering is need to be modernised and hygienic handling of the pork is
need to be improved. There is need to be established the modernised slaughter
house, quality control lab, pork processing and preservation chamber in Andaman
and Nicobar Islands. Carcass characters, meat quality, chemical composition of pork
of different breeds of pigs need to be studied.

7.6 Housing management

Housing facilities need to be improved. Different houses like piglet, grower and
adult pen are to be established. Clean and hygienic house and its surrounding are to
be maintained.

7.7 Identification of pigs

Identification of pigs is done with cuts on the ears in Andaman and Nicobar
Islands. This can be improved with the help of tags or electronic chip method.

7.8 Comparision study

Comparision study needs to be conducted between different indigenous and
cross or pure exotic breeds of pigs in island ecosystem on different growth,
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production and reproduction parameters. Further detailed study needs to be
conducted on effect of free range, intensive and semi-intensive system on different
growth, production and reproductive parameters in different breeds of pigs.

7.9 Abnormal behaviour/condition

Abnormal behaviours/conditions like Coprophagia behaviour, placentophagy
behaviour and mastitis-metritis-agalactia syndrome are need to be studied thor-
oughly about the aetiology, pathophysiology, prevention, treatment and control in
pigs.

Author details

Perumal Ponraj*, Arun Kumar De and Debasis Bhattacharya
ICAR-Central Island Agricultural Research Institute, Port Blair, Andaman and
Nicobar Islands, India

*Address all correspondence to: perumalponraj@gmail.com

©2021 TheAuthor(s). Licensee IntechOpen. This chapter is distributed under the terms
of theCreativeCommonsAttribution License (http://creativecommons.org/licenses/
by/3.0),which permits unrestricted use, distribution, and reproduction in anymedium,
provided the original work is properly cited.

225

Domestic Pig Germplasms of Andaman and Nicobar Islands
DOI: http://dx.doi.org/10.5772/intechopen.95916



• Caution in conservation of the Nicobari pig: In the Andaman Islands, the
Nicobari pigs do not place near the areas where Andaman wild pigs are
reported.

7.2 Feeding practices

The pigs are fed with locally available feed resources and agricultural, horticul-
tural and marine by-products or waste without analysing the chemical composition
or ration. Therefore, it is needed to survey the available local feed resources and
formulate the ration suitable for the pigs for better growth rate and better
production and reproduction performances.

7.3 Breeding programme and artificial insemination

The indigenous pigs are reared in free range or semi-intensive system and
breeding has been occurred in the jungle or forest with dominant boars. This will
create more inbreeding lines which inturn affect the growth rate, reproduction and
production performances. This needs to be addressed with formation of suitable
breeding strategy and artificial breeding programme with use of elite porcine
germplasm.

7.4 Control of diseases

Prevalence of various diseases has been reported in pigs. These diseases should
be analysed in season wise, island wise, age group and sex wise and are to be treated
accordingly. Time schedule for deworming and vaccination protocol are need to be
implemented in different islands of Andaman and Nicobar. As there are many
diseases are zoonotic in nature in pork eating community, therefore, prevention and
control of the diseases in pigs is very important.

7.5 Slaughtering procedure

Pig slaughtering is need to be modernised and hygienic handling of the pork is
need to be improved. There is need to be established the modernised slaughter
house, quality control lab, pork processing and preservation chamber in Andaman
and Nicobar Islands. Carcass characters, meat quality, chemical composition of pork
of different breeds of pigs need to be studied.

7.6 Housing management

Housing facilities need to be improved. Different houses like piglet, grower and
adult pen are to be established. Clean and hygienic house and its surrounding are to
be maintained.

7.7 Identification of pigs

Identification of pigs is done with cuts on the ears in Andaman and Nicobar
Islands. This can be improved with the help of tags or electronic chip method.

7.8 Comparision study

Comparision study needs to be conducted between different indigenous and
cross or pure exotic breeds of pigs in island ecosystem on different growth,
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production and reproduction parameters. Further detailed study needs to be
conducted on effect of free range, intensive and semi-intensive system on different
growth, production and reproductive parameters in different breeds of pigs.

7.9 Abnormal behaviour/condition

Abnormal behaviours/conditions like Coprophagia behaviour, placentophagy
behaviour and mastitis-metritis-agalactia syndrome are need to be studied thor-
oughly about the aetiology, pathophysiology, prevention, treatment and control in
pigs.
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