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1. INTRODUCTION 

Plant breeding is the art and science of changing and improving plants genetically to the interest of 

human being (Singh et al., 2002). Plant breeding is about the genetic improvement of crop through 

creation of genetic variability and selection of elite genotypes from that variability for desirable traits 

(John et al., 2002). Plant breeders improve crops by identifying sources of genetic variation for the 

characteristics of interest. Plant genetic materials in each species are highly variable, even within and 

among closely related species (Weber et al., 2012). In plant breeding, there is a modification in 
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Abstract: Plant breeding defined as a science and technology of improving the genetic make-up of crop plants 

in relation to their economic use for the man kind. Conventional plant breeding is the improvement of cultivars 

using conservative tools for manipulating plant genome within the natural genetic boundaries of the species. 

Plant breeding is a complex process in which new crop varieties are continuously being developed to improve 

yield and agronomic performance over current varieties. Plant breeding is considered as the current phase of 

crop evolution.  Mendel's work in genetics ushered in the scientific age of plant breeding. A wide array of 

naturally occurring genetic changes are sources of new characteristics available to plant breeders. During 

conventional plant breeding, genetic material is exchanged that has the potential to beneficially or adversely 

affect plant characteristics. For this reason, commercial-scale breeders have implemented extensive plant 

selection practices to identify the top-performing candidates with the desired characteristics while minimizing 

the advancement of unintended changes. Plant breeding efficiency relies mainly on genetic diversity and 

selection to release new cultivars. The number of genes that control the trait of interest is important to 

breeders. Qualitative traits controlled by one or a few genes are easier to breed than quantitative traits 

controlled by numerous genes. Breeders use methods and techniques that are based on the mode of 

reproduction of the species self-pollinating, cross-pollinating, or clonally propagated. The general strategy is 

to breed a cultivar whose genetic purity and productivity can be sustained by its natural mating system. The 

common methods for breeding self-pollinated crop species include mass selection, pure line selection, 

pedigree, bulk population, single seed descent and backcrossing. The problems associated with classical 

breeding methods are longer time required to develop resistance cultivars, more effort and labor requirements, 

transfer of no desirable genes along with resistance genes by hybridization, resistance breakdown due to 

development of new pathogen races, no availability of resistance sources, and less understanding of the 

mechanism of resistance in conventional methods. In classical breeding, selections were made on 

morphological bases that were highly influenced by the environment. This created confusion in selection of 

desirable parents for breeding programs. Therefore, there was a need to develop new and efficient modern 

methods to overcome the above-mentioned problems. Generally, the goal of both genetically modified and 

conventional plant breeding is to produce crops with improved characteristics by changing their genetic 

makeup. Genetically modified achieves this by adding a new gene or genes to the genome of a crop plant 

whereas conventional breeding achieves it by crossing together plants with relevant characteristics, and 

selecting the offspring with the desired combination of characteristics, as a result of particular combinations of 

genes inherited from the two parents. Both conventional plant breeding and genetically modified deliver 

genetic crop improvement. Genetic improvement has been a central pillar of improved agricultural 

productivity for thousands of years. With the development of molecular marker technology in the 1980s, the 

fate of plant breeding has changed. Different types of molecular markers have been developed and 

advancement in sequencing technologies has geared crop improvement. 
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morphological, physiological and biochemical aspects of crop plants in order to satisfy the human 

desires. Plant breeding program plays a key role in increasing yield, disease and insect resistance, 

abiotic stress tolerance and to improve quality characteristics (Collard and Mackill, 2008). Plant 

breeding is the manipulation of a biological system that requires many generations to achieve results 

which is a dynamic, exciting and challenging profession operating under continually changing 

conditions. In plant breeding, the aim is to produce new and improved varieties through producing 

and using genetic variation in the characters in which human beings are interested. Plant breeding can 

contribute to meeting the demand for food and feed by developing high-yield genotypes that adapt to 

agricultural production ecosystems.  

Plant breeding is an on-going, cyclical process that involves identifying plants with desirable 

characteristics and devising strategies to combine these characteristics to obtain superior varieties 

(Acquaah, 2015). Plant breeding is primarily depends on presence of substantial genetic variation to 

address the maximum genetic yield potential of the crops and exploitation of these variations through 

effective selection for improvement (Ribaut J.M et al., 2002). The life blood of crop breeding for 

further improvements in yield, disease resistance, quality and other characters is the genetic variability 

available within the gene pool of the species (Hoisington et al., 1999). The selection of plants from a 

population is almost always based on their phenotype and the phenotype has both heritable and non-

heritable components. Genetic improvement in crops depends on quality and magnitude of genetic 

variability available in the population as well as the nature of association between yield and its 

components. This enables simultaneous selection for many traits associated with yield (Mahagan et 

al., 2011). Adequate variability provides options from which selections are made for improvement 

and possible hybridization. Binodh et al. (2008) reported that information on trait association in crops 

is essential for effective selection in crop improvement.  

The phenotype of a plant is the result of interaction of a large number of factors and final yield is the 

sum of effects of several component factors (Biradar et al., 1996). The degree of improvement in the 

new variety depends on the level of genetic variation affecting the characteristics of interest and the 

ability to accurately measure the expression of these characteristics in many different environmental 

conditions (Fehr et al., 1998). Breeders commonly use locally adapted, domesticated germplasm that 

exhibit exceptional performance in a specific group of geographic or management conditions, as well 

as international germplasm that are adapted and have been selected for a wide range of environmental 

conditions (Acquaah, 2015). Crop genetic variation is primarily created through Mendelian variation, 

inter-specific hybridization, polyploidy and mutation from the existing natural population. Genetic 

diversity plays an important role in crop improvement because hybridization between lines of diverse 

origin generally displays a greater heterosis than between closely related species (Ribaut J.M et al., 

2002). Plant breeding has begun when humans first chose and domesticated certain plants for 

cultivation before 10,000 years ago to achieve the greater demand for food through developing higher 

yield, resistance to both biotic and abiotic stresses and quality improvement with an opportunity to 

reach their full genetic potential of crops (Smith, B. D, 2006). The practice of improving crop 

production system with advanced breeding techniques play an important role to alleviate poverty and 

raise the living standards of the peoples by obtaining better yields of different crops (Lee C.S et al., 

2008). The basic requirements of plant breeding are the presence of natural population with sufficient 

genetic variation to allow phenotypic variation for traits desirable to humans (Buchman, 2009). Many 

natural populations of plants have considerable variation that arises from the geographic distribution 

and adaptive requirements of the population. Genetic variation in a natural population comes from 

new combinations of existing genes within a population, mutations, allele migration between 

populations, natural selection for local adaptation and random events (Innan, 2004). 

Breeding methods for self-pollinated crops are based on the knowledge that the genetic variability 

produced through hybridisation and recombination between carefully selected parents provides scope 

for obtaining more favourable recombination of characters and it is possible to obtain homozygous 

lines containing these recombinants through selfing and selection (Joshi A.B, 1979). There are a 

number of methods for breeding and selecting self-pollinated crop plants. In the choice of a particular 

method, the breeder considers the genetic control of the character, i.e. whether simple or complex in 

inheritance, whether it is of high or low heritability, the degree of linkage with undesirable characters 

and the time, labour and space available in the breeding program. The vast diversity of breeding 

methods can be simplified into three categories: (i) plant breeding based on observed variation by 
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selection of plants based on natural variants appearing in nature or within traditional varieties; (ii) 

plant breeding based on controlled mating by selection of plants presenting recombination of desirable 

genes from different parents; and (iii) plant breeding based on monitored recombination by selection 

of specific genes or marker profiles, using molecular tools for tracking within-genome variation. The 

continuous application of traditional breeding methods in a given species could lead to the narrowing 

of the gene pool from which cultivars are drawn, rendering crops vulnerable to biotic and abiotic 

stresses and hampering future progress.  

The challenge of conventional plant breeding resides in improving all of the traits of interest 

simultaneously, a task made more difficult by the genetic correlations between different traits, which 

may be due to genes with pleiotropic effects, to physical linkage between genes in the chromosomes, 

or to population genetic structure (Hartl, D. L and Clark, A. G, 1997). Selecting for one trait will 

change correlated traits, sometimes in the desired direction, other times in an unfavourable way 

(Falconer, D. S, 1996). For this reason, selection can lead to unanticipated changes, which are 

normally within the range that is normally observed in the crop and thus assumed to pose no risk to 

consumers or the environment (Kok, E. J et al., 2008). The biggest bottleneck in breeding of self-

pollinated crops is the narrow genetic background in the resulting progenies as breeders can exercise 

parental control on only two individuals for a single cross, on three and four way cross, and at the four 

most for a double cross. To increase parental control, broaden the genetic base, break up linkage 

blocks, employing diallel selective mating system (DSMS) is most important system for breakage of 

linked genes as suggested by Jensen (1970). Limitations of conventional breeding approaches to 

breeding crop plants with improved abiotic stress tolerances have so far met limited success 

(Richards, 1997).  

This is due to a number of contributing factors, including: (i) the focus has been on yield rather than 

on specific traits; (ii) the difficulties in breeding for tolerance traits, which include complexities 

introduced by genotype by environment or GxE interactions and the relatively infrequent use of 

simple physiological traits as measures of tolerance, have been potentially less subject to GxE 

interferences; and (iii) desired traits can only be introduced from closely related species. Progress in 

developing high yielding, drought-tolerant cultivars by conventional breeding has been slow, largely 

because of difficulties in precisely defining  the target environment, complex  interactions of drought 

tolerance with environments, and lack of appropriate screening methodology (Cooper et al., 1999; 

Wade et al., 1999). Conventional breeding has major limitations, including the need for multiple 

backcrosses to eliminate undesirable traits, restriction to loci that give a clearly observable phenotype 

and inadequacy if the gene pool lacks sufficient variation in the trait of interest. Therefore, the focus is 

currently on marker assisted breeding, which allows ‘pyramiding’ of desirable traits for more rapid 

crop improvement with less input of resources. 

World population is projected to reach its maximum (~10 billion people) by the year 2050. However, 

increasing crop production is facing for several challenges because of different constraints like global 

warming, creating new biotypes of diseases and insects and various abiotic stresses which 

significantly reduce crop yield (Ni, J., Colowit, P.M and Mackill DJ, 2002). This 45% increase of the 

current world population (approaching seven billion people) will boost the demand for food and raw 

materials. In the face of growing population and uncertain climatic conditions, significant additional 

food required by 2050 could be a big challenge (Alexandratos, N, 2009). It is needed to increase 

agriculture output through crop improvement and crop management. Hence plant breeding will be 

crucial in aiming to feed the increasing number of people on Earth. Selecting for specific traits in 

agronomic crops can increase yield by reducing pest damage and increasing disease resistance, 

drought tolerance and sustainability in production. The land area available for farming is decreasing 

due to urbanization, and increasing salinity, acidity and soil erosion. Overcoming these difficult 

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 (Searchinger, T et al., 2018).   

Therefore, 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, crop improvement 

was contributing the crucial role through changing the genetic potential of crop plant to the advanced 

level to reach the molecular marker stages. The practice of improving crop production system with 

advanced breeding techniques play an important role to alleviate poverty and raise the living 
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standards of the peoples by obtaining better yields of different crops (Lee, C.S et al., 2008). Food is 

an essential requirement, and the demand for food shall keep on increasing with the increase in 

population. The classical breeding programs have contributed enormously to the improvement of 

various crops and subsequently molecular genetics which today constitutes the basis of genetic 

engineering research has added new direction to crop improvement. Among the resources available 

for the genetic breeding of plants, landraces or local varieties are considered to be the most important 

source of variability as regards adaptive traits (Zeven, 1998). Plant breeding also plays significant role 

in increasing food and feed both quantitatively and qualitatively. The crop management practices 

determine the potential yield and it is possible to increase its yield up to genetic potential by using 

improved management-agronomic practices such as modern inputs and these are non-heritable.  

If the management practice is perfect the variety provides maximum result which is genetically 

determined. A plant variety’s appearance and performance (phenotype) is determined by an 

interaction between its genes (genotype) and the environment (Lynch and Walsh, 1998). 

Traditionally, a major task of the plant breeder has been to differentiate between the effects of 

environment and genotype. The experimental design and selection strategy that breeders use to 

identify the most desirable genetic material is determined by the heritability, environment, and 

correlations between characteristics. Breeders use methods and techniques that are based on the mode 

of reproduction of the species self-pollinating, cross-pollinating or clonally propagated. The general 

strategy is to breed a cultivar whose genetic purity and productivity can be sustained by its natural 

mating system (Gepts, 2002). The most common conventional breeding methods employed for self-

pollinated crop plants include: plant introduction, pure line selection, mass selection, pedigree 

method, bulk method, single seed descent method, backcross method and population approach to 

breeding of self-pollinated crops, development of hybrid varieties (Mac Key. J, 1986). These breeding 

methods were practicing in developing the superior varieties through transferring desired gene from 

generation to generation.  

 Most conventional breeding can be reduced to two fundamental steps. The first step is to generate a 

breeding population that is highly variable for traits that are agriculturally interesting. This is 

accomplished by identifying parents having traits that complement each other, the strengths of one 

parent having the capacity to augment the shortcomings of the other, and then cross-pollinating the 

parents to initiate sexual recombination. The genetic mechanisms that drive sexual recombination 

operate during gamete (egg and pollen) formation via meiosis, and include Gregor Mendel’s famous 

discovery of independent assortment of genes and T.H. Morgan’s discovery of crossing-over of 

homologous chromosomes.  

The key feature of sexual reproduction is that it allows and assures that all of the traits that differ 

between the parents are free to re-associate (segregate) in new and potentially better combinations in 

the offspring. The second fundamental step involves selection among the segregating progeny for 

individuals that combine the most useful traits of the parents with the fewest of their failings. Thus, 

conventional breeding is essentially the normal mating process, but it is manipulated through human 

choice of the parents and selection of their offspring so that evolution is directed toward production of 

crops with characteristics closely suited to human needs. Most of these are fully domesticated, having 

diverged from their wild ancestors to the extent that they can no longer survive outside of an 

agricultural environment. The objective/s of the paper was to understand the most common 

conventional breeding methods widely used to improve self-pollinated crops and to understand its role 

in crop improvement strategies through developing the new superior varieties to achieve the genetic 

yield potential of crop plants. 

2. BREEDING METHODS FOR SELF-POLLINATING CROP PLANTS 

Self-pollination is the process of transfer of pollen grains from the anther of a flower to the stigma of 

the same flower. Self-pollinated crops have a genetic structure that has implications in the choice of 

methods for their improvement. Naturally self-pollinated and hence inbreeding to fix genes is one of 

the goals for a breeding program for se lf-pollinated species in which variability is generated by 

crossing. Crossing does not precede some breeding methods for self-pollinated species. Self-

pollinated crops differ from cross-pollinated crops in genetic make-up. Breeding method is designed 

to enhance genetic yield potential based on modifying individual traits where the breeding goal for 

each trait is specified. When adopting any breeding method for any crops, the type of reproduction of 
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the species should be considered, whether it is self-pollinating, cross-pollinating or asexual. Since the 

individual crop plants react differently to similar abiotic stress factors, therefore it can be difficult to 

breed a crop species for more than one resilient trait at a time; due to this reason plant breeders should 

focus on the breeding methods that use to improve different crop species for different purposes. 

2.1. Plant Introduction Method  

Introduction of plants is the earliest of the methods followed in plant breeding. Established plants of 

one area are taken to the newer area for the use of mankind. Plant introduction is the most known 

conventional breeding method which uses for obtaining new parental material for development of 

cultivars of existing crops. Breeding for any trait start with the assembly of genetic variation through 

the collection and evaluation of the available germplasm. If the desirable variability is not available 

within a locality or species, introduction of the exotic germplasm can be resorted. This classical 

approach is still very relevant in all breeding strategies. Plant introduction is the oldest and rapid 

method of crop improvement (Allard, 1964). This is mainly contributes amble genetic diversity 

through the movement of germplasm from the center of origin to other new environments where the 

genetic vulnerability is becoming problems for improvement for crop yield, resistant to biotic and 

abiotic stresses. It also plays significant role in the prevention of genetic uniformity, dramatic yield 

increases through introgression of desired gene, introduction of new quality traits, introduction of 

disease and insect-resistance genes, introduction of environment-resistance genes (example, drought 

resistance). 

Plant introduction is required to contribute to the development of agriculture worldwide and the 

economies of many countries dependent on crops introduced from somewhere else for providing 

superior plant varieties. Crop plant is very important when the crop plants are devastated by epidemic 

diseases and abiotic stresses. Example; Maize leaf blight disease caused by Cochliobolus 

heterostrophus pathogen eliminated the corn crop from southern American regions during 1970. The 

complete crop failure was due to the narrow genetic base of corn grown in that region (Ullstrup, 

1972). This epidemic was due to the development of a new race of pathogen called Race T, which had 

T-cms virulence gene. Therefore, a new type of plant material called Texas cytoplasm was introduced, 

which contained a mitochondrial sterility gene that helped to develop hybrid seed. These hybrids were 

high yielding due to hybrid vigor and were disease resistant. This resulted in replacement of the old 

susceptible cultivars and 80% corn cultivars in the USA were derived from T-cytoplasm as parent by 

the end of the 1970s (Strange, 2005). 

 In the same way, Shah et al. (1982) reported that potato germplasm imported from the USA, India, 

and the Netherlands showed promising resistance against potato leaf roll and blight diseases. 

Therefore, introduction is an important way to enhance the genetic diversity of crop plants when local 

germplasm lacks resistance. The introduction can be of exotic cultivars through a multinational 

company or from a foreign gene bank. Wolfe (1994) reported genetic diversity as the most effective 

method of durable resistance in crop plants. Efficacy of introduction for development of disease 

resistant cultivars was also reported by Simmonds (1993). In this regard, a recent and important 

example is the introduction of Bt-cotton in Pakistan and India. Farmers have adopted Bt-cotton 

promptly as it gives higher yield due to its resistance to chewing insects, especially bollworms. Other 

advantages include no or fewer sprays required controlling insects. Hence, a large area of the 

Pakistani cotton belt has been under introduced transgenic Bt-cotton and indigenous non-Bt cotton is 

being replaced by the farmers. As a result the area under Bt-cotton is increasing every year in the 

cotton belt of Punjab province in Pakistan and 70% of wheat growing and 28% of sugarcane growing 

farmers are interested in shifting from non-BT to BT-cotton (Sabir et al., 2011).  

Plant introduction is associated with the introduction of weeds, diseases and pests. Introduction of 

diseases to the new area, not present earlier, introduction of insects pests to the new area, not present 

earlier, introduction of noxious weeds to the new area, not present earlier. Quarantine is very 

important to avoid introduction of pathogens, insect pests and noxious weed seeds along with the 

introduced plant materials. The quarantine control is exercised at the part of entry and to assess the 

potential of new introductions and their performance is evaluated at different substations. Use strong 

quarantine measures ensure that no pest and diseases are introduced along with the desired materials. 
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2.2. Selection Method 

Selection is basic to any crop improvement. Isolation of desirable plant types from the population is 

known as selection.  It is one of the two fundamental steps of any breeding programme viz. creation 

of variation and selection. Before domestication, crop species were subjected to natural selection. The 

basic for natural selection was adaptation to the prevailing environment. Selection involves 

identification of individual genotypes or groups of genotypes from mixed populations or from 

segregating population following hybridization. Selection is the ability to pick superior plants in a 

limited or vast array of variability. Selection is the oldest method of breeding and the basis for all crop 

improvement which practiced by farmer in ancient times. The key prerequisite to successful plant 

breeding is the availability of genetic diversity. The most important issue in plant breeding is creating 

genetic diversity and manipulating genetic variability.  

Phenotypic variation is positively associated with genetic diversity, yet also depends on 

environmental factors and the interactions between genotype and environment (Buckler et al., 2006). 

A common first step in plant breeding is to create a genetically diverse population by crossing 

unrelated parents and by inducing mutations in the breeding germplasm (Smith and cooper, 2004). 

Plant breeders depend on existence of genetic variability to select superior genotypes for onward 

development of varieties. That is why it is necessary to know how to make crosses to create 

variability. Sourcing for breeding materials in sequence is equally important to prevent disruption of 

genes and quickening the development of new varieties of crops. The selection of plants from a 

population is almost always based on their phenotype and the phenotype has both heritable and non-

heritable components.  

The difficulties that are associated with selecting plants that express recessive alleles, genes that have 

only minor effects on plant phenotypes or genes whose expression is strongly modified by the growth 

environment are major limiting factors in plant improvement. Consequently the effectiveness of 

selection primarily depends upon the degree to which the phenotypes of plants reflect their genotype. 

Selection involves identification of individual genotypes or groups of genotypes from mixed 

populations or from segregating population following hybridization. Two methods of selection are 

practiced in breeding self-pollinated crops. i) Pure Line Selection ii) Mass Selection. Johannsen 1926, 

a Danish Biologist defined pure-line as a progeny of a single selfed homozygous individual. 

Johannsen hypothesized that once the genes are fixed, differences within pure-line are due to 

environment and would not be utilized by selection. Pure-line is a progeny of single selfed 

homozygous individual plants. A pureline is a progeny of a single homozygous plant of a self-

pollinated species. All the plants of a pureline have the same genotype. The phenotypic difference 

within a pureline is due to environment. Therefore variation within a pureline is not heritable. Hence 

selection in a pureline is not effective.  

Once a variety is identified via pure-line selection, in a self-pollinated crop, any further selection will 

result to no improvement. Pure line varieties are homozygous and homogeneous as they are 

genetically similar and true breeding. Such varieties possess narrow genetic base so they are more 

susceptible to diseases, and have poor adaptability.  A pure line breeding method is normally used for 

self-pollinated crops, but has importance in breeding of inbred lines that are used to make hybrids in 

self or cross pollinated crops. In other words, once a pure-line has been identified further selection 

within the pure-line will not lead to more improvement because of lack of hereditary variation within 

the pure-line. Pure line selection is the most commonly used method of improvement of self-

pollinated crops. Almost all the present day varieties of self-pollinated crops are pure lines. Pure line 

selection has several applications in improvement of self-pollinated crops. It is used to improve local 

varieties, old pure line varieties and introduced varieties. The pure lines are extremely uniform since 

all the plants in the variety have the same genotype. Due to its extreme uniformity the variety can be 

easily identified in seed certification programmes. 

 It is applicable to improving traits of low heritability, because selection is based on progeny 

performance. Mass selection may include some inferior pure lines while pure-line selection includes 

only the best pure line selected for maximum genetic advance. Creating inbred lines through self-

pollination is a time consuming process, as numerous generations of plants must be grown to 

maturity. Doubled-haploid technology is used to produce homozygous materials more quickly (Chang 

and Coe, 2009; Prigge and Melchinger, 2012). New genotypes are not created by pure line selection. 

http://theagricos.com/glossary/g-i/
http://theagricos.com/glossary/g-i/
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This method is applicable to self-pollinated crop only. Improvement is limited to the isolation of the 

best genotype present in population. The purity of the cultivar may be altered through mixture, natural 

crossing with other cultivars, and mutations. The cultivar has a narrow genetic base and it is 

susceptible to devastation from adverse environmental factors because of uniform response and a new 

genotype is not created. The method promotes genetic erosion because most superior pure lines are 

identified and multiplied to the exclusion of other genetic variants and progeny rows take up more 

resources. Mass selection can be practiced both in self and cross pollinated crop. The varieties 

developed through mass selection are more widely adopted than pure lines. It retains considerable 

variability and hence further improvement is possible in future by selection. Improvement of 

characters governed by few genes with high heritability is possible.   

It is rapid, simple, and straightforward. Large populations can be handled and one generation per 

cycle can be used and the cultivar is phenotypically fairly uniform even though it is a mixture of pure 

lines, hence making it genetically broad-based, adaptable and stable. In mass selection seeds are 

collected from a large number of phenotypically similar plants available in population and are bulked 

to grow next generation. In the simplest manner it is the creation of mixture of different lines. While 

selection, easily observable characters like plant height, grain color, grain size, tillering ability, 

disease resistance are considered. Mass selection increases frequencies of desirable genes. In mass 

selection seeds are collected from a large number of phenotypically similar plants available in 

population and are bulked to grow next generation. In the simplest manner it is the creation of mixture 

of different lines. While selection, easily observable characters like plant height, grain color, grain 

size, tillering ability, disease resistance etc. are considered.  

Mass selection increases frequencies of desirable genes. This type of selection method of plant 

breeding can be carried out multiple times as mass selected variety may contain considerable genetic 

variation.  But, new genetic variability is not created; only the present one is used just to improve base 

population performance. The varieties are not uniform and since no progeny test is done, the genotype 

of the selected plant is not known. Since selection is based on phenotype and no control over 

pollination the improvement brought about is not permanent. Characters which are governed by large 

number of genes with low heritability cannot be improved. It cannot create any new genotype but 

utilizes existing genetic variability. To be most effective, the traits of interest should have high 

heritability, because selection is based on phenotypic values, optimal selection is achieved if it is 

conducted in a uniform environment, phenotypic uniformity is less than in cultivars produced by pure-

line selection with dominance.  

In mass selection, seeds are collected from a large number of phenotypically similar plants available 

in population and are bulked to grow next generation. In the simplest manner it is the creation of 

mixture of different lines. While selection, easily observable characters like plant height, grain color, 

grain size, tillering ability, disease resistance are considered. Mass selection increases frequencies of 

desirable genes. This type of selection method of plant breeding can be carried out multiple times as 

mass selected variety may contain considerable genetic variation. But, new genetic variability is not 

created, only the present one is used just to improve base population performance (Briggs, F.N. and 

Allard, R.W., 1953). In its most basic form mass selection consists of selecting individuals on the 

basis of phenotypic superiority and mixing the seeds for using as planting material for next season.  

2.3. Hybridization Method 

The natural or artificial process that results in the formation of hybrid is known as hybridization. 

Individual produced as a result of cross between two genetically different parents is known as hybrid. 

Hybridization is an important method of combining characters of different plants. The first natural 

hybridization was recorded by Cotton Mather (1716) in corn. The first artificial interspecific plant 

hybrid was produced by Thomas Fairchild in 1717. Hybridization was first of all practically utilized 

in crop improvement by German botanist Joseph Koerauter in 1760. Today, it is the most common 

method of crop improvement through crossing or mating of two plants of dissimilar genotype, and the 

vast majority of crop varieties have resulted from hybridization (Jensen, N.F, 1970). Hybridization is 

the natural or artificial process of producing hybrids through crossing two individuals from different 

populations that are genetically different (Goulet BE et al., 2017). This process does not change the 

genetic contents of organisms but rather produces new combinations of genes which could have 

certain desirable characteristics. This technique also circumvents problems such as sexual 

http://theagricos.com/plant-breeding/
http://theagricos.com/plant-breeding/
http://theagricos.com/plant-breeding/
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incompatibility, polyembryony, and male sterility encountered in conventional sexual crossing (Liu J 

et al., 2011). Sexual hybridization is an important tool to plant breeders which enables the transfer of 

desirable traits from one species to another (Zeliang PK et al., 2013). The steps of sexual 

hybridization involve a series of events which include germination of the pollen, pollinating the 

maternal taxa with pollen from the paternal taxa, growth of the pollen tube, fertilization, embryo and 

endosperm development and seed maturation (Debbarama C et al ., 2013). When two genotypically 

different plants are crossed, the genes from both the parents are brought together in Fl. Heterosis is a 

hybrid phenomenon which involves phenotypic superiority than their parents in terms of biotic and 

abiotic resistance, increased yield and growth rate (Yang L et al., 2015).  

Heterosis increases as the genetic variation of the crossing parental taxa increases (Birchler JA, 2015). 

Hybrids usually show dramatic improvements over the inbred lines due to heterosis (Acquaah, 2015). 

In further hybridization generations, further disruptions of the parental linkages will result in 

decreased fitness or increased fitness than the parental taxa as extreme phenotypes such as superior 

fitness is selected (Edmands S et al., 2005). There are two main types of sexual hybridization which 

include intergeneric and interspecific hybridization. Interspecific hybridization involves the cross-

fertilization between two species while intergeneric hybridization is the cross-fertilization between 

two genera that produces an offspring with phenotypic and genotypic traits of both parents promoting 

genetic diversity and evolution (Chen J et al., 2018). 

The major advantages of hybridization include the disease resistance, wider adaptation, increased 

fitness, higher yield and development of new improved crop varieties (Zelaya IA et al., 2007). In crop 

improvement, hybridization is done for one of the following reasons. Firstly, to create a variable plant 

population for selecting hybrids within these populations with certain desirable combination of 

characteristics. Secondly, to combine certain desirable characteristics in certain crops into a single 

individual or thirdly, to exploit and utilize hybrid varieties. Whatever the intension of the breeder, the 

overall aim of hybridization is always to create genetic variation when two genetically different plants 

are brought together in the first filial generation. Genetic variability within the species has been 

efficiently utilized by breeders in their efforts to improve crops (Govindaraj M et al., 2015).  

However, the existing variability in any given plant breeding population is not sufficient for modern 

plant breeding purposes, and hence the need to broaden the existing gene pool of crops (Fu YB, 

2015). Introduction of new traits in plants largely relied on sexual crosses between different genotypes 

within or between closely related species (Govindaraj M et al., 2015). However, due to the presence 

of various reproductive barriers, gene transfer has been restricted to sexually-compatible species, thus 

limiting the possibilities of modifying and improving crop plants (Limera C et al., 2017).  Many 

desirable and agronomically interesting traits may only be found in distantly related species or even in 

unrelated plants (Waara S, and Glimelius K., 1995). Since they constitute a genetic resource potential, 

an array of techniques identifies and isolates these genes and transfer them into crops (Fu YB, 2015).  

Therefore, in cases in which genetic variation is limited, then the most feasible approaches involve the 

application of transgenic and hybridization approaches to exploit the desirable traits genes from 

different species (Hodnett GL et al., 2010). Hybridization between distant plant genera is a driver of 

genome evolution and new species formation. Distant hybridization generates novel germplasm by 

causing genetic recombination (Gaskin JF et al., 2009). Where  interesting  genes  have  been  

identified  and  isolated,  they  have  been  transferred  by transformation, however in cases where 

genes coding for certain traits have not been identified, wide hybridization has been the technique of 

preference. There are several steps are involved in hybridization: choice of parents, evaluation of 

parents, emasculation, bagging, tagging, pollination, harvesting, threshing, drying and storage of F1 

seeds.  

The progeny of F1 obtained by selfing or inter mating of F1 plants and subsequent generations are 

termed as segregating generation. Hybridization is used by plant breeders to make disease and insect 

resistant hybrids and cultivars. The purpose of hybridization is to combine the genes of higher yield 

and disease and insect resistance from different sources. Hybridization may be grouped into the 

following broad categories based on the taxonomic relationship of the parents. i) Intervarietal 

hybridization: The crosses are made between the plants of the same species. The Intervarietal crosses 

may be simple or complex depending upon the number of parents involved. a) Simple Cross: In 

simple cross, two parents are crossed to produce the F1. The F1 is self to produce F2 or is used in a 
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back cross programme. Example, A x B = F1. b) Complex Cross: More than two parents are crossed to 

produce the F1 hybrid, which is then used to produce F2 or used in back cross.  

The cross is also known as convergent cross, because it brings genes from several parents into a single 

hybrid. Example, A, B, C (Three Parents), AxB = F1xC = Complex hybrid (AxB) x C. ii) distant 

hybridization: Hybridization between individuals from different species belonging the same genus 

(interspecific hybridization) or two different genera of same family (intergeneric hybridization) is 

termed as distant hybridization. Such crosses are known as distant crosses or wide crosses. Based on 

the it’s chief objectives, hybridization classified into major categories: i) Combination breeding is 

transferring of one or more characters into a single variety, from other varieties. These characteristics 

may be governed by oligogenic or polygene. ii) Transgressive breeding is the production of plants in 

F2 generation that are superior to both the parents for one or more characters.  

2.4. Pedigree Method 

Pedigree refers to record of the ancestry of an individual selected plant. Pedigree breeding is a method 

of genetic improvement of self-pollinated species in which superior genotypes are selected from 

segregating generations and proper records of the ancestry of selected plants are maintained in each 

generation (H.H Lowe, 1927). In other words, it is a selection procedure in segregating population of 

self- pollinated species that keeps proper record of plants and or progeny selected in each generation. 

This method is widely used for the improvement of self-pollinated species. It is generally used when 

both the parents that are used in the hybridization have good agronomic characters or are well 

adapted. Moreover, it is more commonly used for the improvement of polygenic traits than oligogenic 

characters. In self-pollinated species, it is used for development of new varieties while in cross 

pollinated species it is used for development of inbred lines. The main difference is that in the self-

pollinated species inbreeding occurs naturally while in cross pollinated species inbreeding is done 

manually. Individual plants progeny is selected from F2 and subsequent generations and their 

progenies are tested.  

A key difference between pedigree selection and mass selection or pure-line selection is that 

hybridization is used to generate variability for the base population. The base population is established 

by crossing selected parents, followed by handling an actively segregating population. Pedigree 

method is a method of continuous individual selection after hybridization. This method is also suitable 

for improving specific characteristics such as disease resistance, plant height, and maturity time. 

Pedigree method depends on selection and early generation tests objective of early tests is to select 

superior crosses and plants from within superior crosses. Pedigree breeding consists of crossing 

parents and generating segregating populations, which are conducted through generations of self-

pollination and selection, until a set of derived lines that combines the good characteristics of both 

parents is obtained. In pedigree method, detailed records of the origin of the selected individuals or 

lines are maintained. Due to such records we are able to know from which F2 plant, the selected 

progeny is originated. It is the most extensively used method to handle segregating generations from 

crosses. Starts with an F1 between two parents, and proceeds with selection from the F2 onwards. 

Progeny tests are done, thus it is based on genotypic value rather than phenotypic value. Increased 

breeding efficiency by early identification of superior heterogeneous populations.  

The vast majority of the released cultivars of self-pollinating species have been developed through the 

pedigree method. The pedigree method is appealing to breeders because it allows building better 

varieties by putting together, in the same plant, good characteristics that were present in different 

materials. Because all crossings are controlled, it is possible to know the genealogy of each cultivar. 

Pedigree method consists two lines in crossing, each providing desirable genes which are to be 

incorporated into the resulting lines. The F2 segregating generation is grown and selection is made on 

selfed plants. This is the classical method in which the lineage of the plant selection in the segregating 

generation is maintained until it is stabilized in the F7 or F8 generation. Pedigree breeding consists of 

crossing parents and generating segregating populations, which are conducted through generations of 

self-pollination and selection, until a set of derived lines that combines the good characteristics of 

both parents is obtained. Because it is based on the complementation of traits, this method is efficient 

for breeding for qualitative traits, such as disease resistance, or easily classifiable traits, such as plant 

architecture or the color or shape of plant parts.  
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The main weakness of the pedigree method resides in the fact that yield is evaluated efficiently only at 

the end of the process, on inbred lines, when seed is available for replicated trials. Consequently, the 

rate of progress for yield resulting from the pedigree method is normally modest, rarely exceeding 1% 

per year (Breseghello F et al., 2013). It is a long procedure, requiring about 10-12 years or more to 

complete, if only one growing season is possible. It is more suited for qualitative than for quantitative 

disease-resistance breeding. It is not effective for accumulating the number of minor genes needed to 

provide horizontal resistance. In the pedigree method, selection is used from segregating generations 

where individual plants are selected from F2 and subsequent generations. The progenies of each 

generation are tested during the entire process the entire parent to off-spring relationships is kept 

which the system known as pedigree record. Individual plant selection is continued till the progenies 

show no segregation. At this stage (after segregation stops), selection is done among the progenies. 

Pedigree record simply called pedigree is detail record of the relationship between the selected plants 

and their progenies where each progeny in every generation can be traced back to the F2 plant from 

which it is originated. 

 It is a description of the ancestors of an individual plant goes back to the distant or past ancestors and 

describes the parents, grandparents and great grandparents. A pedigree is helpful to find out if two 

individuals are related by descent i.e. have common parent in the ancestry and have same genes in 

common. The most commonly used method for selection from segregating generations from crosses 

in self-pollinated crops is pedigree method. It used to correct some specific weaknesses of an 

established variety (combination breeding) and used for selection of new superior recombinant types 

(transgressive breeding). Generally, pedigree method is used to improve specific characteristics such 

as: disease resistance, plant height, maturity time, yield, quantity and so forth. In pedigree method 

there are bases of selection. These are by visual evaluation (based on phenotypic expression) for 

simply inherited, highly heritable characters by creating favourable environment for example for 

disease resistance, cold tolerance and drought tolerance, by making quality tests, laboratory analysis 

for protein content and indirect selection through other related characters. Like other selection 

methods pedigree method also have numbers of merits. First, it gives the maximum opportunity for 

the breeder to use his skills and judgment in selection of plants, particularly in early segregating 

generations which requires skill and experience. Second, well suited for the improvement of simply 

inherited characters that are easily identified. Third, transgressive segregating for yield and other 

quantitative characters can be recovered in addition to improvement specific characters. Fourth: take 

less time than the bulk method to develop a variety. Fith, the pedigree record provides information on 

the inheritance of characters. Six, plants and progenies with visible defects can be eliminated at an 

early stage in the breeding program. 

2.5. Bulk Method 

The bulk method of plant breeding is the method in which selection is delayed until a later generation 

usually up to F5 or F6 after hybridization (Poehlman, 1987). Delay artificial selection to allow natural 

selection pressure to act. It is a method which can handle segregating generations in which F2 and 

subsequent generations are harvested in bulk to grow the next generation (Singh, 1983). At the end of 

bulking period, individual plant selection and evaluation is carried out in the similar fashion as in the 

pedigree method. Bulk or population breeding is ideal for crops that are planted at higher density 

(Mak C. and Harvey BL, 1982). Bulk method is ideal for crops that are planted at higher density and 

in which no records are maintained, thus require less labour and time. It is also preferable for crosses 

where no high heritability trait is desired. Plants are grown at commercial spacing in all generation F2 

to F5 plants grown in bulk survival of the fittest, best plant selection in F5 based on phenotypes and 

harvested individually. Bulk method is a strategy of crop improvement in which the natural selection 

effect is more directly in the early generations of the procedure by delaying stringent artificial 

selection until later generations.  

As proposed by Harlan and colleagues, the bulk method entails yield testing of the F2 bulk progenies 

from crosses and discarding whole crosses based on yield performance. The primary objective is to 

stratify crosses for selection of parents based on yield values. Isolation of homozygous lines, waiting 

for selection by environmental disaster; the long period of bulking may be helpful for natural selection 

to change the composition of population. The bulk method requires more time duration to develop 

new variety and pedigree is not maintained, therefore it is impossible to trace back progeny to the 

parent plant and large number of progenies has to be selected at the end of bulking period. Natural 

http://theagricos.com/plant-breeding/pure-line-selection/
http://theagricos.com/plant-breeding/pedigree-method/
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selection may also work against desirable traits and it is suitable for self-pollinated crops only. The 

bulk-population method of breeding differs from the pedigree method primarily in the handling of 

generations following hybridization. Bulk method is also known as mass method or population 

method of breeding. In this method, the F2 and subsequent generation are harvested in mass or as 

bulks to rise the next generation. At the end of the bulking period, individual plants are harvested and 

evaluated in a similar manner as in the pedigree method of breeding. The duration of bulking may 

vary from 6-7 to 30 or more generations. The bulk method is suitable to land segregating generation 

of cereals, millets, grain legumes and oil seeds. It also may be used for three different purposes. (1) 

Isolation of homozygous lines: selection of individual plants after the bulking period would yield 

homozygous lines from the selected plants. (2) Waiting for opportunity of selection: selection for 

disease resistance, cold tolerance and lodging depends on the presence of suitable environment 

favouring disease development, cold injury, server lodging etc. Since such environments may not 

every year, the segregating generations are carried in bulk until such environments occur. Thus, the 

duration of bulking depends on the occurrence of such environments. It can also end in F2 if the 

suitable environment. (3) Opportunity for natural selection:  

Some bulk populations may be carried up to 20 or 30 generations to provide opportunity for natural 

selection to act. Natural selection would favor high yielding genotypes and eliminates poor yielding 

ones. The superior lines can be identified at a much higher frequency than from the F2 of the same 

cross and the method is known as evolutionary method of breeding. Most selection in the bulk method 

is artificial selection which may be done to eliminate the inferior and undesirable plant types done in 

short term bulks of 6-10 generations ( i.e., the effect of natural selection in short term bulks is small). 

Natural selection is important in long term bulks (20-30 generations). So, artificial selection is to 

select for characters which have selective disadvantage under natural selection in long term bulks. 

2.6. Back Crosses Method 

The back-cross method is a form of recurrent hybridization by which a gene for a superior 

characteristic may be added to desirable variety. Back-cross method is the one whose main objective 

is to incorporate desired gene, either dominant or recessive, to the highly productive, commercially 

successful variety which lacks that specific gene. Back-cross method is a cross that takes place 

between F1 and one of its parents to transfer the desirable traits from donor parent to recurrent parent. 

One of the parental varieties is highly productive and grow commercially but deficient in a specific 

gene. After each backcross hybrid plants having the desired gene are identified and backcrossed again 

to the recurrent parent. It is used successfully to transfer qualitative characters such as disease 

resistance in both self and cross pollinated crops.  

The variety which receives gene is recipient parent or recurrent parent whereas the variety which is 

the source of gene is called as donor parent. Back-cross is proposed by Harian and Pope in 1922, as a 

method of breeding for small grains. The genotype of the back cross progeny becomes increasingly 

similar to that of the parent to which it is back crossed (recipient parent). At the end of six to eight 

back crosses the progeny would almost identical to that parent. The objective of the backcross method 

is to improve one or two defects of an adapted high yielding variety, the characters lacking in the 

variety are transferred to it without changing its genotype, except the gene being transferred. The end 

result of a back cross program is a well-adapted variety with one or two improved characters example 

transferring stem rust resistance to an adapted commercial variety which has become susceptible to 

stem rust. Dudely (1984) also suggested that back-crossing is advantageous if one parent has more 

loci with favourable alleles than the other, if the parents are diverse or if the level of dominance is 

high. Back-crossing has been used for decades to transfer specific character into elite lines. Replace a 

specific undesirable gene with a desirable alternative, while preserving all other qualities of an 

adapted cultivar. Suitable recurrent parent, only deficient in one or two traits. Suitable donor parent, 

having a character to be transferred in highly intense form. Repeated back cross leads to 

homozygosity at the same rate as selfing. Proportion of homozygosity = (2m - 1/2m) n, Where, m = 

either no. of generations or selfing and n = number of heterozygous gene pairs. Back-cross breeding is 

one of the most commonly used methods to insert single disease or insect resistant genes into a 

susceptible high yielding cultivar. The high yielding cultivar is the recipient and the resistant cultivar 

is the donor in this case. The high yielding cultivar (suppose A) is crossed with the resistant cultivar 

(suppose B) during the first year. The resultant progeny is called back-cross one (BC1) and has 50% 

genetic content of both cultivars.  
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To recover high yielding genes of recipient cultivars, the recipient cultivar (A) is back-crossed with 

back-cross generations in subsequent years until almost 99% genes of A cultivar are recovered in the 

BC6 generation. This strategy has been used by plant breeders to develop disease resistant cultivars in 

most cases. Replace a specific undesirable gene with a desirable alternative, while preserving all other 

qualities of an adapted cultivar. For example, in a particular area there is a well-adapted high yielding 

local variety but susceptible to a particular disease, this variety will be considered as recipient parent 

and the disease resistant variety will be the donor parent. The recipient parent will be used in this 

method of breeding repeatedly to get all the genes to be transferred which is also known as recurrent 

parent and the donor parent is known as non-recurrent parent. In this method the new variety is totally 

similar to recurrent parent except it bears a new character transferred from donor parent. This method 

is used to improve the specific defect of a well-adapted popular variety. This method is suitable for 

introducing a specific highly heritable character. It is the most suitable method for gene transfer from 

related species to produce addition or substitution lines. Hybridization with the recurrent parent is 

done in every back-cross generation. F1 and subsequent generations are generally allowed to back-

cross with recurrent parent. The progeny of back-cross generations are smaller than pedigree method.  

This method is different for transferring dominant and recessive gene controlled character. As the 

back-cross method always aims at improving some particular character of recurrent parent, so 

extensive yield test is not required before releasing as new variety. This method does not change the 

genotype of the popular established variety, only it helps a single desirable character to be transferred 

in the existing variety. Donor parent is the parent which is the source of gene to be transferred. 

Recipient parent is the adapted variety to which the F1 and subsequent progenies are back crossed.  

Recurrent parent: the parent repeatedly used in the cross to transfer its full identity to the progeny. 

Back cross method have applications like (a) Intervarietal transfer of simply inherited characters for 

example disease resistance and seed color, (b) Intervarietal transfer of quantitative characters with 

high heritability like earliness, plant height, seed size and seed shape, (c) interspecific transfer of 

simply inherited characters and (d) transfer of cytoplasm from one variety or species to another. 

Particularly, in cases of cytoplasmic sterility the donor parent is used as the female parent and the 

recurrent parent is used as the male parent in the original back crosses. After six to eight back crosses, 

the progeny will have the genotype of the recurrent parent and the cytoplasm of the donor parent. For 

example: sterile cytoplasm was transferred from Triticum timopeevii to T. aestium and male sterile 

lines of T. aestivan have been developed. In the back cross method, there is a rapid increase in 

homozygosis and high frequency of homozygotes. The genes from the non-recurrent parent are 

replaced by those from the recurrent parent, and the genotype of the backcross progeny becomes 

increasingly similar to that of the recurrent parent. So, as number crossing with generation increases, 

the average proportion of genes from the recurrent parent and the progenies‟ genotype become similar 

with the recurrent parent. 

 Recovery of the recurrent parent genotype follows this pattern:  

 % recurrent % donor 

F1 50 50 

BC1 75 25 

BC2 87.5 12.5 

BC3 93.7 6.3 

BC4 96.9 3.1 

BCm 1-(1/2)m+1 (1/2)m+1 

2.7 Single Seed Descent Method 

A breeding procedure used with segregating populations of self-pollinated species in which plants are 

advanced by single seeds from one generation to the next is referred to as single seed descent method. 

This method was suggested by Gulden (1939) for advancing segregating generation of self-pollinated 

crops. Later on this method was applied by Grafius (1965) in oats, Brim (1966) in soybean, and 

several other workers in soybean, wheat, barley oats, rice, chickpea, green-gram and some other 

crops. Single seed descent method is a selection method carried out by selecting only one seed from 

each plant. Single seed descent method is another modification of bulk method and involves 

harvesting one seed from each plant from the F2 to the F6 and sowing them in the next generation. The 

concept of single seed descent method was first proposed by C. H. Goulden in 1941. The objective of 
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the single-seed descent method is to advance rapidly the generations of crosses and reduce a loss of 

genotypes during the segregating generations (Jinks J.L and Pooni H.S, 1984).  

The method of single-seed descent was born out of a need to speed up the breeding program by 

rapidly in breeding a population prior to beginning individual plant selection and evaluation, while 

reducing a loss of genotypes during the segregating generations. Procedures of single seed descent 

method: A single seed from each of 1000 to 2000 F2 plants is selected and bulked to rise F3 

generation. Select 100 to 500 individual plants and grow them in progeny rows separately. 

Preliminary yield trial is conducted in F8 or F9 generation and then multiplication yield trial. It is an 

easy and rapid way to attain homozygosity and small spaces are required in early generations to grow 

the selections, natural selection has no effect. The duration of the breeding program can be reduced by 

several years by using single-seed descent; every plant originates from a different F2 plant, resulting in 

greater genetic diversity in each generation. Requires very little space, efforts and labour, makes the 

best use of green house and off-season nursery facilities and advances generation with maximum 

possible speed in conventional breeding method.  

3. CONCLUSION 

Plant breeding is about the genetic improvement of crop through creation of genetic variability and 

selection of elite genotypes from that variability for desirable traits. Conventional plant breeding is the 

intentional inter-breeding and selection of plant varieties with the goal of producing new varieties 

with improved properties. Conventional breeding is better suited for improving many traits 

simultaneously or improving traits controlled by many genes. The key prerequisite to successful plant 

breeding is the availability of genetic diversity. The most important issue in plant breeding is creating 

genetic diversity and manipulating genetic variability. Phenotypic variation is positively associated 

with genetic diversity, yet also depends on environmental factors and the interactions between 

genotype and environment. A common first step in plant breeding is to create a genetically diverse 

population by crossing unrelated parents and by inducing mutations in the breeding germplasm. Plant 

breeding or crop genetic improvement is the production of new, improved crop varieties for use by 

farmers. The new variety may have higher yield, improved grain quality, increased disease resistance, 

or be less prone to lodging. The conventional plant breeding played a considerable role during the last 

century not only for improving the quality and yield of crops, but also for improving abiotic stress 

tolerance including drought and salinity tolerance.  

The major limitations of conventional methods derive from the limitations of the sexual system, 

because it is usually not possible to incorporate genes from nonrelated species or to incorporate small 

changes without disturbing the particular combination of genes that make a particular type unique and 

include constraints on the amount of genetic variation available within the crop (the gene pool). The 

fact that all traits differing between the parents are subject to segregation, and thus large populations 

and multiple generations of selection are required to identify rare individuals that combine the best 

qualities of both parents. Thus a useful gene in cabbage cannot be transferred to wheat. Limitations of 

conventional breeding are particularly apparent when a needed character (such as disease or insect 

resistance) is unavailable in populations that can be incorporated by sexual crosses. Mutations may be 

induced, but they are often deleterious or connected with undesirable effects. With conventional 

breeding, it is also not possible to improve a unique genotype, such as "Bartlett" pear, by adding a 

single character, since the recombination that results from hybridization makes it impossible to recon-

figure this cultivar exactly.  

Generally, conventional plant breeding is systems for selection of superior genotypes from genetically 

variable populations derived from sexual recombination. The system is powerful because it is 

evolutionary; progress can be cumulative, with improved individuals continually serving as parents 

for subsequent cycles of breeding. As a general rule, conventional breeding develops new plant 

varieties by the process of selection, and seeks to achieve expression of genetic material which is 

already present within a species. Conventional breeding employs processes that occur in nature, such 

as sexual and asexual reproduction. Genetic improvement by conventional breeding has made 

substantial changes when the efforts have been long-term. The prime aim of plant breeding is to 

improve the characteristics of crop plants that they become more useful automatically and 

economically. The development of crop varieties with increased tolerance to drought, salinity, heat, 

high temperature, and nutrient deficiency, by conventional, molecular breeding methods and by 
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genetic engineering is an important strategy to meet global food demands with less water. Science of 

plant breeding is playing great role from earlier to current in the field of agriculture to keep up the 

accessibility of food in the world. Plant breeders need to broaden the genetic base and must include 

wild relatives, landraces, and exotic germplasm of crops in their hybridization programs, as these have 

genes of resistance against various biotic and abiotic stresses.  
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