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Abstract

Crop improvement is very crucial to satisfy the world demand in the presence of different challenges like climate change, reducing arable land and increasing 
population growth. Crop improvement program is continuously striving to increase crop yield, enhance crop quality and  improve crop  tolerance to biotic and abiotic 
stresses. Domestication has a great role in increasing agricultural productivity through selecting suitable crop plants to human beings like high yielding varieties with 
resistance to biotic and abiotic stresses, improved nutritional quality, big seed and fruit size, non-shattering, reduction of seed dispersal mechanisms, a more compact 
growth habit, early matured crop plants. Domesticated food crops are derived from a phylogenetically diverse assemblage of wild ancestors through artifi cial selection 
for different traits. Plant breeding and domestication of crop plants have a profound impact on the genetic diversity through selecting the desirable crops by neglecting 
other crop plants with undesirable traits. Domestication of crop plants shifted from hunter-gatherer to agricultural societies which leaded the rise of modern civilization. 
The amount or quantum of genetic diversity available in a breeding population is referred to as genetic base of that population. In other words, genetic base represents 
spectrum of genetic variability in a plant breeding population. Depending upon the amount of genetic diversity present in a plant breeding population, genetic base is of 
two types, viz. broad genetic base and narrow genetic base. Plant populations that are composed of several pure lines, inbred lines or heterozygotes and homozygotes 
are said to have broad genetic base. Examples of such populations are mass selected varieties, multiline varieties, synthetics, composites and land races. Such genotypes 
have wider adaptation to environmental changes. Those plant populations that have been developed from single homozygote or heterozygote are-said to have narrow 
genetic base. Examples of such populations are pure line variety, varieties developed by backcross, pedigree method bulk method, and single seed decent method, clonal 
variety and hybrids between two inbred lines or pure lines. Genetic loss is directly connected with the reduction of genetic diversity including the loss of individual genes 
and as well as the loss of particular combinations of genes such as those manifested in locally adapted landraces. Eventually, genetic erosion is the depletion in population 
variation because of inbreeding and genetic drift which is largely causes the endangerment of small isolated populations. Narrowing of genetic diversity might result the 
complete loss of crop plants. 
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Introduction

Agriculture was started before 10,000 years ago during the 
fi rst crops were domesticated in the Fertile Crescent [1]. Plant 
breeding is relying on the genetic variation and selection of 
desirable crop plant through identifying phenotypes. Some 
of the fi rst domesticated plants are thought to be the cereals 
wheat, barley, millet and emmer [2]. During domestication, 
phenotypers were selected crop plant with big grain size 
and non-shattering seeds. Agriculture was launched with 
domestication of wild plants through selecting plants with the 
desirable characters that preferred by societies to be brought 
under human management. Domestication of plant species 
led shift hunter-gatherers to sedentary agriculturalists that 
ultimately resulted in the development of complex societies. 

There is genetic alteration in the domestication process that 
led to striking morphological and behavioral changes in 
domesticated organisms compared with wild progenitors. 
The difference between domesticated plants and their 
wild progenitors in morphology, physiology and anatomy 
is known as domestication syndrome. The domestication 
syndrome is group traits that arise from human preferences 
for the betterment of domestication practices. Domestication 
syndrome has reduced genetic diversity associated with the 
fact that the man used a limited number of wild progenitors 
to select the desired traits [3]. The problem of bottlenecks in 
the domestication due to selection of only few individuals and 
reproductive isolation among domesticated and wild relatives’ 
impedes in further improvements of genetic diversity of crop 
plants.
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The basic requirements and steps of domestication is 
the presence of natural population with suffi cient genetic 
variation to allow phenotypic variation for traits desirable to 
humans. Genetic resources are very critical in the development 
of agriculture. Genetic resources are continuously providing 
inputs for yield stability and growth. The transformation of 
wild species into elite cultivars through domestication entails 
evolutionary responses in which plant populations adapt to 
selection. Domestication is the evolutionary process in which 
wild plants genetically, morphologically and physiologically 
changed by imposing selection for different desires [4]. The 
transformation of wild ancestors into modern elite cultivars 
trough domestication and evolution contributes very important 
role in producing global food and crop plant improvement. 
Domestication is the transition of the living standard of human 
being from hunting, gathering to modern agriculture [5]. 
Domestication is a routine activity beginning with the wild 
species, then formation of the cultivated species, then selection 
of improved genotypes of the species by growers (called 
landraces), then to modern cultivars from scientifi c breeding. 

Biodiversity is broad tem that is defi ned as the quantity 
of species and the variety of environments in which species 
or genes are present [6]. Plant genetic diversity is playing 
a key role in the continuation of agricultural development 
with signifi cant improvement in different morphological and 
agronomical characteristics [7]. Crop species with narrow 
genetic diversity are susceptible to emerging pathogens or other 
constraints leading to loss of productivity and this may lead 
to a serious decline in the areas of adaptation [8]. Crop plant 
genetic improvement is the changing of plants to satisfy human 
needs. The process of domestication involved in the continues 
identifi cation of certain desirable wild species combined with 
a process of selection of high yielding varieties with resistance 
to biotic and abiotic stresses, improved nutritional quality, big 
seed and fruit size, non-shattering, reduction of seed dispersal 
mechanisms, a more compact growth habit, early matured crop 
plants. 

Conventional plant breeding refers to the selection of 
superior genotypes from genetically diverse populations 
derived from sexual recombination. Plant breeding is primarily 
depends on presence of substantial genetic variation to 
address the maximum genetic yield potential of the crops and 
exploitation of this variation through effective selection for 
improvement [9]. There is substantial genetic improvement 
progress of crop plants through conventional breeding 
procedures. Conventional breeding is mainly focused on the 
improvement of the observable traits like productivity, quality 
and resistance to biotic and abiotic stresses. However, there 
are limitations to the progress of conventional breeding. These 
limitations are due to sexual barrier, impossible to incorporate 
genes from nonrelated species or to incorporate small changes 
without disturbing the particular combination of genes that 
make a particular type unique. Landraces are locally adapted or 
traditional plant varieties that evolved and improved by farmers 
over many generations without the help of modern breeding 
schemes. Today, the landraces are displaced from market-
driven production because of their lower yields, susceptible to 

biotic and abiotic stresses and poorer postharvest shelf life in 
comparison with modern varieties. In the progress of evolution 
and domestication, landraces are neglected to develop modern 
varieties with specifi c desirable traits. This might lead to 
genetic erosion if the land races are not conserved at national 
and international germplasm conservation.

A landrace represents the equilibrium between heterogeneous 
and heterozygous genotypes within a population of a crop that 
is maintained by continuous multiplication under a given set 
of climatic, soil and husbandry conditions. Landraces have 
substantial contribution for crop improvement in providing 
genetic materials. Despite its economic importance, land 
races were replaced by single dominant modern variety that 
promotes genetic erosion [10]. To meet the challenges in crop 
improvement, efforts were made to widen the genetic base by 
collecting and conserving germplasm across the world before 
it is lost forever, which led to the assembly of large collections 
at the national and international gene banks [11]. 

Agriculture is faced for many challenges such as human 
population growth, climate change, malnutrition, poverty, 
hunger and other stressors. Overcoming these diffi cult 
challenges will be harder in the absence plant genetic 
improvement to increase agricultural productivity through 
addressing the problem of yield reduction and its links with pest 
management and climate change [12]. However, agriculture 
must change to meet the rising demand of global population 
by the transition of agricultural growth to effective modern 
agricultural development. In this regard, domestication of crop 
plants was contributing the crucial role through changing the 
genetic potential of crop plant to the advanced level to reach 
the molecular marker stages. The objective/s of the paper was 
to understand how crop evolution under domestication has led 
to increase productivity of crop species and know how crop 
evolution under domestication has narrowed genetic bases of 
crop species. 

Crop evolution under domestication and narrowed ge-
netic bases

Genetic diversity: Genetic diversity ha paramount role 
in the perpetuation of a species through offering adaptation 
mechanisms to biotic and abiotic environmental stresses and 
enables change in the genetic composition to cope with changes 
in the environment [13]. Plant genetic diversity is playing 
a key role in the continuation of agricultural development 
with signifi cant improvement in different morphological and 
agronomical characteristics. Plant breeding is primarily relied 
on the variation exist in the genetic diversity of cultivated 
and their wild relatives together for further improvements. 
Plant phenotyping is defi ned as the investigation of plant 
characters by researchers for yield, quality and resistance to 
biotic and abiotic stresses. Genetic variation and selection are 
the two basic principles of plant breeding. Additive (heritable) 
and non-additive variance (dominance and epitasis) are the 
important components of genetic variance of any quantitative 
traits [14]. Genetic diversity is the extent of genetic variation 
available among crop species to use in improvement program. 
The presence of suffi cient genetic variation is a key for the 
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success of breeding program. Genetic diversity determines the 
effi ciency and effectiveness of improvement which may result 
in enhanced food production. From plant breeding aspects, 
classifi cation of genetic variability to respective heterotic group 
is critical for the development of vigorous and outstanding 
hybrids in terms of economically important traits. Genetic 
diversity is providing vital protection to other nature against 
climate change, pests and diseases stresses.

Domestication is the transformation of wild progenitors to 
the cultivated species through continues selection for desirable 
traits of crop plants in order to satisfy the human demand [15]. 
Plants domesticated in different agro-ecological environments 
of the world for the different desirable traits that demanded 
by the cultivators. Domestication is about artifi cial selection 
of crop plants with the desired traits in order to ensure food 
and nutritional security [3]. There is genetic alteration of 
morphological and agronomical characters in domestication 
processes for adaptation of crop plants [16]. McCouch [17] 
indicated domestication is about adapting the high yielding 
varieties with resistance to biotic and abiotic stresses, improved 
nutritional quality, big seed and fruit size, non-shattering, 
reduction of seed dispersal mechanisms, a more compact 
growth habit, early matured crop plants. In the domestication 
process wild plants have been evolved into crop pants through 
artifi cial selection in order to satisfy the specifi c human 
demand. Artifi cial selection of crop plants causes alteration for 
the transformation of wild species to domesticate [18].

Genetic erosion is the depletion of genetic variability 
due to several factors over a particular period of time in a 
particular location. The loss can be include individual genes or 
combination of genes. Genetic loss is the reduction of genetic 
diversity over time [13]. The frequent development and adoption 
of genetically uniform crop varieties makes the crop population 
more susceptible to a widespread disease and pest infestation 
[19]. Genetic loss can be occurred since diseases and pests 
evolved and attacked the host plant resistance due to genetic 
uniformity increases. Genetic diversity is affected by several 
different factors. There is evolutionary forces continuously 
changing genetic frequencies of crop species which affects the 
genetic diversity of a population. Selection, mutation, gene 
fl ow and genetic drift are the evolutionary forces which affects 
gene pool of a given population. Genetic uniformity causes 
genetic susceptibility to different biotic and abiotic stresses 
and is resulted genetic loss of crop plants [20] Figure 1. 

The role of landraces and modern varieties in narrowing 
genetic bases of crops

Narrowing in genetic base is a serious problem in the modern 
agriculture that caused due to selection of best performed 
cultivars with the preferred traits. The loss of genetic variation 
in crop plants due to agricultural modernization is called genetic 
erosion. The main cause of genetic erosion is the replacement 
of diversity of land races with few modern varieties. Genetic 
erosion has negative developmental effect when loss of genetic 
diversity has profoundly narrowed the genetic base of modern 
crop varieties [21]. Genetic erosion is defi ned as the loss of 
genetic diversity and commonly refers to the reduction in the 

quantities of specimens of a species [22]. Green revolution was 
the transition of cultivation of landraces to modern varieties to 
increase the agricultural productivity using improved varieties, 
excessive agricultural inputs and mechanized agriculture. The 
term Green Revolution refers to the renovation of agricultural 
practices beginning in Mexico in the 1940s. Because of its 
success in producing more agricultural products there, green 
revolution technologies spread worldwide in the 1950s and 
1960s, signifi cantly increasing the number of calories produced 
per acre of agriculture. 

The varieties developed during green revolution were high 
yielder varieties meaning they were domesticated plants bred 
specifi cally to respond to fertilizers and produce an increased 
amount of grain per acre planted. Genetic alteration and 
narrowing genetic base started with the fi rst domestication of 
wild plants. Green revolution has great impact on the ecological 
and societal of relations of the world that can be summarized as 
follows: (1) loss of landraces that indigenous to the country, (2) 
the loss of soil nutrients making it unproductive, (3) excessive 
use of pesticides increases the presence of its residues in foods 
and environment [23], (4) the farmers shift to unsustainable 
practices to obtain more yield, (5) increased rates of suicide 
among farmers, (6) unable to withstand the increasing 
expenses for farming and debts small farmers sold their lands 
to large commercial farmers, and (7) unable to withstand the 
food infl ation and economic crisis the farmers left farming 
resorting to other occupation. The dramatic increase of food 
grain production since after green revolution in the subsequent 
decades is directly traceable to these crop improvement 
programs. This green revolution is also the beginning of genetic 
erosion in the world. The other causes of genetic erosion are 
population pressure, environmental degradation, legislation 
or policy, pests/weeds/diseases, changing agricultural systems 
and overexploitation of species Figure 2. 

Genetic diversity is the backbone of a nation’s food security 
and the basis of economic development as a whole. The term 
genetic erosion refers to both the loss of species and the 
reduction of variety. Replacement of landraces that evolved with 
and has been genetically improved by traditional agriculturists, 

Figure 1: Reduction of genetic diversity during evolution of common bean (Phaseolus 
vulgaris) in the Andean and  Meso-American centers of origin.
Source: Redrawn from Gepts (2018).
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but has not been infl uenced by modern breeding practices 
or traditional varieties by modern varieties or High Yielding 
Varieties is one of the most important reasons. The landraces 
of a primary centre of origin are assumed to contain many 
valuable genes particularly for resistance or tolerance to various 
biotic and abiotic stresses and hence hold promise for their 
utilization in future plant-breeding programs. Genetic erosion 
is the loss of genetic diversity, including the loss of individual 
genes and the loss of particular combinations of genes (i.e. of 
gene-complexes) such as those manifested in locally adapted 
landraces. The term genetic erosion is sometimes used in a 
narrow sense, i.e. the loss of genes or alleles, as well as more 
broadly, referring to the loss of varieties. There are a number 
of different ways to represent the problems of genetic erosion. 
One of the most useful indicators is the narrowness of the food 
base. At another level, evidence regarding genetic erosion can 
be presented in terms of the replacement of landraces and 
traditional varieties Figure 3. 

Dangers of genetic uniformity

The loss of genetic diversity of species of the given 
population promotes genetic uniformity that leads to genetic 
erosion of the crop plants. There are multitude reasons for 
the loss of genetic variation of crop plants. Some of them are: 
Adoption of genetically uniform crop varieties that makes the 
crop varieties more vulnerable to biotic and abiotic stresses, 
replacement of landraces and wild relatives by commercially 
developed modern varieties, failurities in resistance to 
different diseases either host specifi c or non-host specifi c 
diseases [20]. Genetic uniformity invites disaster because it 

makes a crop vulnerable to attack a pest or disease that strikes 
one plant quickly spreads throughout the crop. The wise use 
of crop genetic diversity in developing improved crops can 
contribute signifi cantly to protecting the environment. Crop 
varieties that are resistant to pests and diseases can reduce the 
need to apply harmful pesticides. 

The some important factors interact to increase the 
potential for crop failure: The degree of uniformity for the 
trait controlling susceptibility to the hazardous agent or 
environmental stress and the extent of monoculture of the 
susceptible variety. The greater the uniformity for a susceptible 
trait and the more extensive the area of cultivation, the greater 
the risk of disaster. In the case of pest or pathogen attack, two 
additional factors enhance the risks: (1) a highly dispersible 
disease or insect agent, and (2) favorable environmental 
conditions for the multiplication of the agent. The continuous 
and intensive cultivation of varieties of narrow genetic base 
results in genetic vulnerability and genetic erosion. Genetic 
vulnerability is the susceptibility of most of the cultivated 
varieties of a crop species to biotic and abiotic stresses due 
to similarities in their genotypes. The main causes of genetic 
vulnerability are narrow genetic base, widespread of dominant 
Varieties (problem aggravated by the widespread use of one or 
a few genetically uniform varieties over a large hectare (spatial 
dominance), failure of vertical resistance (effected by a single 
or a few genes (monogenic or oligogenic) and highly specifi c 
and liable to changes in races of pathogens [24] Table 1.

Effect of genetic erosion in crop plants

Genetic erosion is the depletion of genetic variability 
due to several factors over a particular period of time in a 
particular location. The loss can be include individual genes or 
combination of genes. Genetic loss is the reduction of genetic 
diversity over time [13]. Genetic loss primarily caused due to the 
modernization of agriculture which embraces the replacement 
of landraces with the new improved varieties. The loss of 
genetic variation is becoming a bottleneck in plant breeding 
activities. Genetic loss can be occurred at three different 
levels: crop, variety and allele. Climate changes, deforestation, 
environmental degradation, urbanization, replacement of local 
land races are major cause of genetic loss. There are three 
different methods to quantify genetic loss: (1) Genetic erosion 
as a complete loss of a crop, variety or allele [25]. (2) Genetic 
erosion as an alleviation in richness [26]. (3) Genetic erosion 
as an alleviation in evenness [27]. Genetic loss as depletion 
in evenness originates from the variability indicators used in 
population genetics, such as Shannon’s index [28] and Nei’s 
gene diversity index [29]. Genetic diversity is measured using 
frequencies of genes within a group of genotypes in a specifi ed 
region. Diversity level is reduced because of dominant single 
genotypes or alleles. Genetic loss at ex situ conservation 
can be occurred because of depletion of genes as a result of 
regeneration and storage practices [30].

Conclusion

Narrowing the genetic bases of crop plats are becoming a 
serious problems in the development new and superior varieties 

Figure 2: Cereal yield in kilograms per hectare.
Source: Food and Agriculture Organization of the United Nations.

Figure 3: Conceptual representation of a reduction in genetic diversity during 
domestication and development of modern cultivars. Colors represent the diversity 
of alleles within a population. 
Source: Redrawn from Gepts (2018).
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with useful characteristics. Depletion of genetic variation is not 
only about the replacement of a diversity of land races with 
one or a few modern varieties, but involves the loss of farmers' 
indigenous knowledge of and ability to manage their own 
plant genetic resources. Creating suffi cient genetic variation 
for golden crop improvement is becoming challenges to keep 
improving genetic yield potential. Nowadays, plant breeders 
are utilizing genetic materials without knowing its genetic 
background such as exotic non-adapted, exotic adapted and 
existing genetic material as a source of new alleles that protect 
and improve genetic gain through selection. In ensuring food 
and nutritional security, genetic diversity is contributing 
very amble quantity. Knowledge of genetic diversity of the 
genetic material is very critical in crop improvement. Effective 
selection is highly important in any crop improvement where 
the suffi cient genetic variation is available for different 
characters. The genetic variability analysis of crop cultivars 
for different agronomical and morphological characters are 
very critical in providing opportunity to select a number of 
promising cultivars. 

Genetic variation is the basic foundation for the continuous 
development of new superior varieties. Hence characterization 
of genetic materials using different statistical tools is critical 
in the crop improvement program. Improvement for both 
qualitative and quantitative traits are primarily relying on 
the genetic diversity. Genetic diversity is the extent of genetic 
variation available among crop species to use in improvement 
program. The presence of suffi cient genetic variation is a 
key for the success of breeding program. Genetic diversity 
has paramount importance for the development of superior 
varieties in terms of yield and other desirable traits. It is also 
very crucial in the production of superior hybrids and desirable 
recombinants. Genetic diversity determines the effi ciency and 
effectiveness of improvement which may result in enhanced 
food production. From plant breeding aspects, classifi cation of 
genetic variability to respective heterotic group is critical for 
the development of vigorous and outstanding hybrids in terms 
of economically important traits. Genetic diversity is providing 
vital protection to other nature against climate change, pests 
and diseases stresses.

Domestication plays a key role in crop plant improvements 
starting from the very beginning of evolutionary process and 
primitive life of human being. Domestication is a continuous 
process and bringing wild species of plants by considering the 

agro-ecological environment plays a signifi cant role for the 
ease of adaptation. Before domesticating plants to some new 
areas, consideration of ecology is very critical to maintain yield 
potential, stability, resistance, tolerance and other important 
traits that they have in their original place. Generally 
domestication of crop plants with their appropriate ecologies 
is used to maintain sustainable yielding ability without 
reducing actual potential of crop plants.  Domestication is the 
transformation of wild progenitors to the cultivated species 
through continues selection for desirable traits of crop plants 
in order to satisfy the human demand. A success in crop 
improvement is depending on the quantity of genetic variation 
exist in the genetic materials and selection for genetically 
superior genotypes.
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