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ABSTRACT 
 

Heterosis is a phenomenon where hybrid progeny have superior performance compared to their parental inbred lines. 

The response of heterosis either positive or negative mainly depends on the breeding objectives and the type of the crops 

used. Heterosis leads to increase in yield, reproductive ability, adaptability, disease and insect resistance, general vigour 

and quality. It also manifests as an increase in vigor, size, fruitfulness, speed of development, resistance to climatic 

rigors of any kind manifested by cross-bred organisms as compared with corresponding in-breds, as the specific results 

of unlikeness in the constitution of the uniting parental gametes. Narrow genetic base is one of the most important 

limiting factors for yield improvement and is a bottleneck in any of the breeding programs. Information on genetic 

diversity and heterotic groups is very useful in inbred line development and help breeders to utilize their germplasm in 

a more efficient and consistent manner through exploitation of complementary lines for maximizing the outcomes of a 

hybrid breeding program. Success on development of breeding populations and hybrid varieties is dependent on the 

availability of genetically complementary parents and the magnitude of heritability of economic traits. Development of 

hybrid oriented heterotic populations and application of schemes for improving combining ability is an integral part of 

hybrid breeding in maize and other cross pollinated crops. Broadening the genetic base of heterotic pools is a key to 

ensure continued genetic gain in hybrid breeding. The selection of parents and breeding strategies for the successful 

hybrid production will be facilitated by heterotic grouping of parental lines and determination of combining abilities of 

them. The main role of heterosis breeding is to assign germplasm into heterotic groups and identify their heterotic 

pattern in different crops on the basis of experimental evidence supporting them and listing out various heterotic groups 

and heterotic patterns in different crops. 
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INTRODUCTION 

 

Heterosis is defined as the superiority of an F1, 

hybrid over both its parents in terms of yield or some 

other characters (Ghaderi et al., 1984). The phenomenon 

of heterosis was defined by Shull 1914 and is the 

superiority of hybrids over their parents in terms of 

productivity, growth, development and resistance (Shull, 

1914). For improvement in crop, the most important 

prerequisite is the selection of suitable parents, which 

could combine well and produce desirable hybrids. The 

exploitation of heterosis through hybrid breeding is one 

of the landmark achievements in plant breeding (Duvick, 

2001). Heterosis is a property of heterozygotes and is 

manifested as a result of either increased rates of 

metabolic reaction or more efficiently organized 

metabolic system (Rood et al., 1985). The application of 

heterosis in crop breeding and production is the most 

important contribution of plant genetics to the 

development of agricultural technology in the last 

century (Zhang et al., 1998). Heterosis largely increases 

productivity per unit area, thus sparing large amount of 

land for other uses. Exploitation of heterosis in hybrids 

can help to supply food for burgeoning populations and 

also help to improve environmental health of the global 

food production system (Duvick, 1999).  

The assigning of germplasm into different heterotic 

groups is fundamental for the maximum exploitation of 

heterosis for hybrid cultivar development. Similarly, 

information on genetic diversity is also very important for 

hybrid breeding and population improvement programs for 

assessing the level of genetic diversity, characterizing the 

germplasm and assigning them into different heterotic 

groups (Reif et al., 2003). For an efficient hybrid breeding 

program, it is desirable to organize the germplasm into 

heterotic groups (Reif et al., 2007). The classification of 

elite germplasm and inbred lines into different heterotic 

groups is an important task in any of the breeding program
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(Hallauer et al., 1999). Introgression of exotic germplasm 

is often suggested for increasing the genetic differences 

between opposite heterotic populations with an expected 

increase in heterotic response (Beck et al., 1991). Heterotic 

group is a group of related or unrelated genotypes from the 

same or different populations, which display similar 

combining ability and heterotic response when crossed 

with genotypes from other genetically distinct germplasm 

groups (Melchinger and Gumber, 1998). 

Two well-known strategy for the establishment of 

heterotic pattern by Cress (Cress strategy) and another one 

by Melchingner and Gumber (Melchingner and Gumber 

Strategy). The decision which of both strategies is superior 

it depends on several factors such as (i) the genetic basis of 

heterosis, (ii) the applied selection intensities for QTL, or 

(iii) the importance of favorable linkages. Further research 

is required incorporating recent advances on the genetic 

architecture of quantitative traits and on the genetic basis 

of heterosis to develop optimal procedures for establishing 

and maintaining heterotic patterns. A very new method to 

develop heterotic groups is suggested by Patil 

(Unpublished method). This basic formula: HF1=Σ dy2 

explains how performance (heterosis) of hybrid depends on 

genetic diversity and extent of dominance existing at 

different yield influencing loci (Meena et al., 2017). 

Development of hybrid oriented heterotic populations and 

application of schemes for improving combining ability is 

an integral part of hybrid breeding in maize and other cross 

pollinated crops (Hallauer, A.R., 1984). In the recent years 

the concept of developing heterotic populations is put to 

test in self-pollinated crops like cotton, segregating 

populations based on diverse pairs of genotypes can be the 

ideal base material required for implementing procedures 

like reciprocal selection for improving combining ability 

(Patil et al., 2011). 

Population improvement schemes have led to the 

development of maize lines with improved combining 

ability resulting in the isolation of superior hybrid 

combinations. The recurrent selection procedures are also 

suggested for often cross pollinated crops by considering 

cotton as an example (Miller and Rawlings, 1967) and in 

sorghum by utilizing male sterility system (Dogget and 

Eberhart, 1968). Considering the success achieved in 

commercial exploitation of heterosis in cotton, sorghum, 

rice and such other often cross pollinated or self-pollinated 

crops, it is possible to visualize that such schemes of 

improving combining ability by following the recurrent 

selection schemes can be very well followed in these crops, 

with suitable modification in procedure in tune with the 

mating system of these crops (Patil, 2003).The selection of 

parents and breeding strategies for the successful hybrid 

production facilitated by heterotic grouping of parental 

lines and determination of combining abilities of them. 

Assigning germplasm into different heterotic groups and 

patterns is fundamental for exploitation of heterosis for 

hybrid development. Two heterotic grouping methods were 

used to assign parental lines into different groups based on 

SCA effects of grain yield (Pswarayi and Vivek, 2008) and 

heterotic grouping based on GCA of multiple traits 

(HGCAMT) method proposed by Oyekunle et al., (2013). 

The basis of grouping the germplasm into different 

heterotic groups is specific combining ability (SCA) effects 

for grain yield (Gurung et al., 2009, Fan et al., 2009). 

Cluster analysis based on SCA can be used to classify 

inbred lines into heterotic groups. For the achievement of 

heterotic grouping based on GCA effects, ward methods of 

Euclidean distance was used for multiple traits. Grouping 

of inbred lines based on their GCA effects of multiple traits 

should give a better and practical heterotic group of the 

lines since GCA deals with the additive gene effects for 

each trait. An increased divergence between two 

populations of a heterotic pattern increases the probability 

to complementary select for favorable alleles at different 

loci. Melchinger et al., (1987) emphasized the importance 

of the variances due to general (σ2GCA) and specific 

combining ability (σ2SCA) and their ratio for predicting 

hybrid performance. The use of heterosis in plant breeding 

is exploited through the development of hybrids. 

Genetic diversity studies determine the variation 

among individuals or groups of individuals using a specific 

method or combination of methods to analyze multivariate 

datasets (Mohammadi and Prasanna, 2003). Diverse 

datasets have been used to analyze genetic diversity in crop 

plants, among them which are pedigree data, 

morphological data (Badu-Apraku et al., 2006), genetic 

parameter estimates (Camussi et al., 1985), heterosis data 

(Badu-Apraku et al., 2013a, b), biochemical data, and 

molecular marker data (Melchinger et al., 1991; Betran et 

al., 2003; Mohammadi and Prasanna, 2003). Molecular 

marker data provide a more reliable differentiation of 

genotypes (Mohammadi and Prasanna, 2003), since these 

data are less affected by environmental effects. Molecular 

marker data classified a set of germplasm based on genetic 

similarities, however Melchinger and Gumber (1998) 

emphasized that it has been challenging to predict heterotic 

relationships based on these data. Additionally, researchers 

agreed that field experiments are still needed to validate 

groupings of germplasm based on molecular marker data 

(Melchinger and Gumber, 1998). The objective/s of the 

review was to understand the role heterosis in crop 

improvement strategies through developing the new 

superior hybrid varieties to achieve the maximum genetic 

yield potential of crop plants. 

 

Concept of heterosis 

Heterosis refers to the superior phenotypes observed in 

hybrids relative to their inbred parents with respect to traits 

such as growth rate, reproductive success, and yield. 

Heterosis was discovered in maize about a century ago and 

has subsequently been found to occur in many crop species. 

The increase in yield as a result of the cultivation of hybrid 

offspring ranges from 15 to 50%, depending on the crop 

(Lippman and Zamir, 2007). Heterosis is a phenomenon 

where hybrid progeny have superior performance 

compared to their parental inbred lines (Ghaderi et al., 

1984). An understanding of the fundamental nature of gene 

action or genetic basis of heterosis and combining ability 

of parents are of primary interest to plant breeders (Barh et 

al., 2016). The magnitude of heterosis provides 

information on the extent of genetic diversity of parents in 

developing superior F1s so as to exploit hybrid vigour 

(Shull, 1952). Heterosis is superiority of the hybrids over 

their parents in terms of yield performance, growth, 

reproductive ability, adaptability, disease and insect 

resistance, general vigour, quality, size, fruitfulness, speed 

of development, or to climatic rigors of any kind 
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manifested by cross bred organisms as compared with 

corresponding inbreds (Shull, 1952). Heterosis represents 

percentage increase or decrease in the mean values of the 

F1 over their mid-parental value (Meena, 2017). The terms 

heterosis and hybrid vigor are synonymous and often used 

interchangeably (Ghaderi et al., 1984). 

Heterosis breeding has received much attention in 

several crop plants. A large degree of heterosis occurs 

when the parents are genetically divergent or unrelated, 

resulting in a heterozygous hybrid. Therefore, development 

of superior high-yielding hybrids requires a system by 

which genotypes can be crossed on the basis of the degree 

of unrelatedness between them. Exploitation of hybrid 

vigour is considered to be one of the outstanding 

achievements in plant breeding. The characteristically 

superior performance of hybrid crops was hybrid vigor in 

which hybrids demonstrated markedly vigorous growth 

and yield when compared with their parents (Bernardo, 

2014). The effect of heterosis is revealed in increasing the 

value of characteristics in hybrids over the parents and 

standard commercial checks. The utilization of heterosis in 

various crops throughout the world has tremendously 

increased the production of human food and livestock feed. 

Some investigators prefer to use the term hybrid vigor in 

referring to the developed superiority of hybrids and use 

heterosis only for reference to the mechanism by which the 

superiority is developed. Heterosis is a situation whereby 

the hybrid is superior to the open pollinated variety parents 

(Fasoula, 2002). Depending upon breeding objectives, both 

positive and negative heterosis is useful for crop 

improvement. 

In general, positive heterosis is desired for yield and 

negative heterosis for early maturity (Azizinia, 2016). For 

most of the characters, the desirable heterosis is positive. 

But for some characters like earliness, height in cereals and 

toxic substances are negative heterosis. Research result 

showed that yield increment over the parental mean in the 

F1 generation reduces by 50% in the F2 generation (Quinby 

et al., 1969). If F1 hybrid will be selfed over further 

generations inbreeding depression will appear, the genes of 

the parental lines will be recombined and new 

combinations could be selected. The success in the 

development of superior hybrids or varieties depends on 

the choice of parents for hybridization and amount and type 

of genetic variability present in the base population to be 

improved. Verma and Kumar (1974) and Joshi (1979) 

emphasized that greater attention should be paid on the 

choice of parents for hybridization. Selection of parents for 

hybridization can be made with the help of combining 

ability analysis (Sprague and Tatum, 1942). 

Heterosis is expressed in three different ways, 

depending on the criteria used to compare the performance 

of a hybrid. From the plant breeder’s viewpoint, better 

parent and/or standard variety is more effective. From a 

practical point of view, standard heterosis is most important 

because it is aimed at developing desired hybrids superior 

to the existing high yielding commercial varieties 

(Lamkey, K.R. and Edwards, J.W., 1999). 

 

Classification of Heterosis 

Average Heterosis 

Mid-parent heterosis is the superiority of a hybrid over 

the mean of its parents and which is used in quantitative 

genetics (Bernardo, 2014). If the hybrid is superior to the 

mid -parent, it is regarded as average heterosis or relative 

heterosis (Hallauer et al., 2010). The estimates of average 

heterosis in the crosses were expressed on the basis of the 

mid parents. It has been determined for various agronomic 

and physiological traits in different crops by several 

investigators. 

 

Heterobeltiosis 

Blum et al. (1989) defined heterosis as the advantage of 

the hybrid over the best parent and estimated over the 

superior or better parent. The superiority of hybrid over 

better parent resulted due to dominance or over dominance. 

Parent versus crosses performance is probably the most basic 

comparison in quantitative inheritance and the degree of 

heterosis provides the simplest and easiest measure of 

genetic diversity and gives preliminary idea about the 

probable gene action involved in determining a particular 

character (Peterson, 1969). Different authors reported 

heterosis over better parents for different characters of crops. 

 

Standard Heterosis 

The superior performance of hybrid over the standard 

commercial hybrid variety in terms of desired traits is 

known as standard heterosis (Virmani, 1994). It has 

practical importance in plant breeding and it is also referred 

as economic heterosis. The commercial usefulness of a 

hybrid would primarily depend on its performance in 

comparison to the best commercial variety of the concerned 

crop species. From a practical point of view, standard 

heterosis is most important, because it is aimed at 

developing desired hybrids superior to the existing high 

yielding commercial varieties (Virmani, 1994). 

 

Heterotic Grouping and Heterotic Pattern 

Heterotic group is a group of related or unrelated 

genotypes from the same or different populations, which 

display similar combining ability and heterotic response 

when crossed with genotypes from other genetically 

distinct germplasm groups (Melchinger and Gumber, 

1998). Heterotic grouping refers to the identification of 

groups that are genetically distinct from each other and that 

produce superior hybrids when crossed using 

morphological per se performance and genetic relationship 

(Billot et al., 2013). Heterotic grouping is using combining 

ability information in identifying suitable hybrid parents 

(Badu-Apraku et al., 2013; Akinwale et al., 2014). This 

method of classify available germplasm into distinct 

heterotic groups and to identify suitable parents for crosses 

based on specific combining ability (SCA) effects of grain 

yield (Fan et al., 2009) and heterotic grouping based on 

general combining ability (GCA) of multiple traits 

(HGCAMT) (Akinwale et al., 2014; Badu-Apraku et al., 

2013). Identification of inbred lines with good combining 

ability is a prerequisite for the success of any breeding 

programme aimed at hybrid development (Dao et al., 2014; 

Nyaligwa et al., 2016). 

Thus, there is a need of information on combining 

ability based heterotic grouping help breeders when 

selecting parents to use in crosses. Assigning germplasm 

into different heterotic grouping is fundamental for the 

maximum exploitation of heterosis for hybrid cultivar 

development. Similarly, information on genetic diversity is 
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also very important for hybrid breeding and population 

improvement programs for assessing the level of genetic 

diversity and assigning them into different heterotic groups 

(Reif et al., 2003). For an efficient hybrid breeding 

program, it is desirable to organize the germplasm into 

heterotic groups (Reif et al., 2007). Broadening the genetic 

base of heterotic pools is a key to ensure continued genetic 

gain in hybrid breeding. The selection of parents and 

breeding strategies for the successful hybrid production 

facilitated by heterotic grouping of parental lines and 

determination of combining abilities of them. Combining 

ability and heterotic grouping studies of germplasm, 

facilitates its exploitation in breeding and the choice of 

suitable parents for superior hybrid combinations 

(Akinwale et al., 2014). Crosses between inbred lines from 

groups with differing genetic backgrounds are expected to 

exhibit high levels of heterosis than those among lines from 

the more genetically related groups (Fato et al., 2012). 

Heterotic pattern is a specific pair of heterotic groups, 

which may be populations or lines that express in their 

crosses high heterosis and consequently high hybrid 

performance. The concept of heterotic patterns is important 

in that it helps breeders in choosing parents of crosses for 

line development as well as testers to evaluate combining 

ability of newly developed inbred lines and therefore, 

simplifying germplasm management and organization 

(Nepir et al., 2015). Heterotic groups and patterns help 

breeders to utilize their germplasm in a more efficient and 

consistent manner through exploitation of complementary 

lines for maximizing the outcomes of a hybrid breeding 

program. Assigning germplasm into different heterotic 

groups and patterns is fundamental for exploitation of 

heterosis for hybrid development. If once heterotic groups 

and their pattern are identified then large number of hybrid 

combination can be developed within short period of time 

because grouping of lines in different clusters would avoid 

the development of unnecessary hybrids from the heterotic 

patterns. 

 

Genetic Basis of Heterosis 

The theory of quantitative genetics predicts a positive 

correlation between parental divergence and the estimated 

degree of heterosis (Lamkey and Edwards, 1999). 

However, the data obtained to date in support of this 

correlation are not conclusive, and the ability to predict 

levels of heterosis based on the genetic distance between 

parents varies with different traits and crops (Flint-Garcia 

et al., 2009). Genetic hypotheses are amongst the oldest but 

still most prevailing explanations for heterosis (Lamkey 

and Edwards, 1999). According to quantitative genetic 

theory, heterosis can result from dominance, over 

dominance, and epistasis. The relevance of the three 

hypotheses has been investigated intensively using 

phenotypic data and also through molecular marker 

assisted QTL mapping (Reif et al., 2005). Davenport 

(1908) proposed the dominance theory and supported by 

Bruce (1910), Jones (1917) and Collins (1921) that cites the 

effect of dominant favorable alleles masking unfavourable 

recessive alleles as the reason for the superiority of a hybrid 

(Bernardo, 2014). The dominance hypothesis argues that 

the better performance of hybrids is caused by masking of 

deleterious recessive alleles. In heterozygous state, the 

deleterious effects of recessive alleles are masked by their 

dominant alleles. Thus heterosis results from the masking 

of harmful effects of recessive alleles by their dominant 

alleles. Inbreeding depression, on the other hand, is 

produced by the harmful effects of recessive alleles, which 

become homozygous due to inbreeding. 

Therefore, according to the dominance hypotheses, 

heterosis is not the result of heterozygosity, but it is the 

result of prevention of expression of harmful recessives by 

their dominant alleles. The effect of dominant favorable 

alleles masking unfavourable recessive alleles as the reason 

for the superiority of a hybrid (Bernardo, 2014). Similarly, 

inbreeding depression does not result from homozygosity, 

but from the homozygosity of recessive alleles, which have 

harmful effects (Singh et al., 1993). There are two 

objections raised against the dominance hypothesis. First, 

it should be possible to accumulate by selection all the 

favourable dominant alleles into one homozygous strain 

and obtain inbreds that are as vigorous as hybrids. Second, 

F2 distribution should be skewed because of the ¾ 

dominants to ¼ recessives segregation (Lamkey and 

Edwards, 1999). East (1908) and Shull (1908) 

independently proposed the over dominance theory, which 

suggests that the heterozygous condition is responsible for 

heterosis. According to over dominance hypothesis, 

heterozygotes of the loci are superior to both homozygotes. 

Therefore, heterozygosity is essential for and is the cause 

of heterosis. The most vigorous hybrid plant being the one 

with the greatest number of heterozygous loci (Poehlman 

and Sleper, 1995). 

There are no clear-cut cases where the heterozygote is 

superior to the two homozygotes. This has been the biggest 

objection to the general acceptance of over dominance 

hypothesis. But there is no doubt that in the case of some 

genes, heterozygotes are superior to the homozygotes 

(Singh et al., 1993). Quinby (1969) proposed a 

complementary interaction between recessive and 

dominant alleles as a possible cause of heterosis. Over 

dominance is the most important contributor to heterosis of 

yield, number of grains per panicle, and grain weight. 

According to over dominance hypothesis, heterozygotes at 

least some of the loci are superior to both the relevant 

homozygotes. Thus, heterozygote Aa would be superior to 

both the homozygotes AA and aa. Consequently, 

heterozygosity is essential and the cause of heterosis, while 

homozygosity resulting from inbreeding produces 

inbreeding depression. The over dominance hypothesis 

argues that the heterozygous genotype has inherent 

superiority over either of the two homozygous genotypes. 

The over dominance hypothesis assumes over 

dominant gene action at many loci and the epistasis 

hypothesis attributes heterosis to epistatic interactions 

between non-allelic genes. The epistasis hypothesis 

attributes the observed heterosis to the interaction between 

loci. Reliable prediction of single-cross performance is 

very important in hybrid breeding, because it is difficult to 

evaluate inbred lines in numerous cross combinations. 

Several prediction approaches have been suggested using 

phenotypic data with co-ancestry coefficients calculated 

from pedigree records or marker data (Schrag et al., 2009). 

Moreover, genomic selection based on dense molecular 

marker profiles has the potential to assist breeders in the 

selection of the most promising hybrids for field evaluation 

(Piepho, 2009). 
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Manifestations of Heterosis 

Hybrid vigour or heterosis is defined as the 

phenomenon whereby a progeny exhibits phenotypic 

superiority over its parents with regard to traits such as 

growth rate, reproductive success and yield (Lippman & 

Zamir, 2007). Generation of hybrids is a practice used in 

agriculture for hundreds of years and has achieved 

increased yields in crops such as maize and rice. Likewise, 

studies with Arabidopsis hybrids have shown heterosis 

phenotype for a number of traits including vegetative 

biomass and seed yield (Groszmann et al., 2014; 

Groszmann et al., 2015). The molecular basis of heterosis 

is an active field of investigation but not fully understood, 

as yet. Many interactive attributes have been associated 

with heterosis, including gene expression alterations, 

metabolic activity and epigenetic regulation (Greaves et al., 

2015). Heterosis is the superiority of a hybrid over its 

parents. This superiority may be in yield, quality, disease 

and insect resistance, adaptability, general size or the size 

of specific parts, growth rate, and enzyme activity. These 

various manifestations of heterosis may be summarized as 

follows. Heterosis is generally expressed as an increase in 

the yield of hybrids. Commercially, this phenomenon is of 

the greatest importance since higher yields are the most 

important objective of plant breeding. The yield may be 

measured in terms of grain, fruit, seed, leaf, tubers or the 

whole plant. The hybrids exhibiting heterosis show an 

increase in fertility or reproductive ability. This is often 

expressed as higher yield of seeds or fruits or other 

propagules, example tuber in potato, stem in sugarcane. 

The hybrids are generally more vigorous, i.e., healthier and 

faster growing and larger in size than their parents. The 

increase in size is usually a result of an increase in the 

number and size of cells in various plant parts. Some 

examples of increased size are increases in fruit size in 

tomato, head size in cabbage, cob size in maize, head size 

in jowar (a grain sorghum grown in warm dry regions). In 

many cases, hybrids are earlier in flowering and maturity 

than the parents. This may sometimes be associated with a 

lower total plant weight. 

But earliness is highly desirable in many situations, 

particularly in vegetables. Some hybrids are known to 

exhibit a greater resistance to insects or diseases than their 

parents. Hybrids are generally more adapted to 

environmental changes than inbreds. In general, the 

variance of hybrids is significantly smaller than that of 

inbreds. This shows that hybrids are more adapted to 

environmental variations than are inbreds. In fact, it is one 

of the physiological explanations offered for heterosis. In 

some cases, hybrids show a faster growth rate than their 

parents. But the total plant size of the hybrids may be 

comparable to that of parents. In such cases, a faster growth 

rate is not associated with a larger size. In some cases, there 

is an increase in the number of nodes, leaves and other plant 

parts, but the total plant size may not be larger. Such 

hybrids are known in beans (P. vulgaris) and some other 

crops. These are some of the characteristics for which 

heterosis is easily observed. Many other characters are also 

affected by heterosis, example enzyme activities, cell 

division, vitamin content, other biochemical 

characteristics, but they are not so readily observable (Shen 

et al., 2017). 

Hybrid Development of Crops 

Hybrid is the progeny (F1) as a result of cross between 

two or more distinct parents or genotypes (Ghaderi et al., 

1984). The mating or crossing of two plants or a line of 

dissimilar genotype is known as hybridization. In plants, 

crossing is done by placing pollen grains from one 

genotype, the male parent, on to the stigma of flowers of 

the other genotype, the female parent. It is essential to 

prevent self-pollination as well as chance cross-pollination 

in the flowers of the female parent. At the same time, it 

must be ensured that the pollen from desired male parent 

reaches the stigma of female flowers for successful 

fertilization. The seeds as well as the progeny resulting 

from the hybridization are known as hybrid or F1. The 

progeny of F1, obtained by selfing or intermating of F1 

plants, and the subsequent generations are termed as 

segregating generations. The term cross is often used to 

denote the products of hybridization, i.e. the F1 as well as 

the segregating generations. The chief objective of 

hybridization is to create genetic variation. When two 

genotypically different plants are crossed, the genes from 

both the parents are brought together in F1. Segregation and 

recombination produce many new gene combinations in F2 

and the later generations, i.e. the segregating generations 

(Shen et al., 2017). 

The degree of variation produced in the segregating 

generations would, therefore, depend on the number of 

heterozygous genes in the F1. If the two parents are closely 

related, they are likely to differ for a few genes only. But if 

they are not related, or are distantly related, they may differ 

for several, even a few hundred, genes. However, it is not 

likely that the two parents will ever differ for all their 

genes. Therefore, when it is said that the F1 is 100 percent 

heterozygous, it has reference only to those genes for which 

the two parents differ. The aim of hybridization may be the 

transfer of one or few qualitative characters, the 

improvement in one or more quantitative characters or use 

the of F1 as a hybrid variety. The main aim of combination 

breeding is the transfer of one or more characters into a 

single variety from other varieties. These characters may 

be governed by oligogenic or polygenes. 

The intensity of the character in the new variety is 

either comparable to or, more generally, lower that in the 

parent variety from which it was transferred. In this 

approach, increase in the yield of a variety is obtained by 

correcting the weaknesses in the yield contributing traits, 

example, tiller number, grains per spike; test weight is that 

for disease resistance. The backcross method of breeding 

was designed for combination breeding, and often pedigree 

method also fulfils the same purpose. In combination 

breeding, the genetic divergence between parents is not the 

major consideration. What is important is that one of the 

parents must have in a sufficient intensity the character(s) 

under transfer, while the other parent is generally a popular 

variety. Transgressive breeding aims at improving yield or 

its contributing characters through transgressive segregation. 

Transgressive segregation is the production of plants 

in an F2 generation that are superior to both the parents for 

one or more characters. Such plants are produced by an 

accumulation of favourable genes from both the parents as 

a must combine well with each other and should preferably 

be genetically diverse. This way, each parent is expected to 

contribute different plus genes which when brought 
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together by recombination give rise transgressive sergeant. 

As a result, the intensity of character in the transgressive 

sergeant, i.e., the new variety is greater than that in either 

of the parents. The pedigree method of breeding and its 

modifications, particularly the population approach, are 

designed for the production of transgressive sergeants. In 

most self-pollinated crops, F1 is more vigorous and higher 

yielding than the parents. Wherever it is commercially 

feasible, F1 may be used directly as a variety. In such cases, 

it is important that the two parents should produce an 

outstanding F1. 

 

Types of Hybridization 

The plants or lines involved in hybridization may 

belong to the same variety, different varieties of the same 

species, different species of the same genus or species from 

different genera. Based on the taxonomic relationship of 

the two parents, hybridization may be classified into two 

broad groups: These are intervarietal and distant 

hybridization. The parents involved in hybridization 

belong to the same species is known as intervarietal 

hybridization. It is also known as intraspecific 

hybridization. In crop improvement programmes, 

intervarietal hybridization is the most commonly used. An 

example would be crossing of two varieties of wheat, rice 

or some other crop. The intervarietal crosses may be simple 

or complex depending upon the number of parents 

involved. In Intervarietal cross, when the two parents are 

involved to produce the F1, the cross is known as simple 

cross, whereas the complex cross involves more than two 

parents to produce the hybrids, which is then used to 

produce F2 or is used in a backcross. 

Such a cross is also known as convergent cross 

because this crossing programme aims at converging, i.e., 

bringing together genes from several parents into a single 

hybrid. Single Cross is a hybrid made by crossing two 

unrelated inbred lines (AxB). The hybrid seed being the 

seed sold to farmers for planting. Single cross hybrids are 

generally more uniform more than other types of hybrids 

because all plants are genetically identical. Single cross 

hybrids tend to have greater yield potential under 

favourable environmental and production conditions. Less 

dependable when grown in marginal areas for production 

or when poor production practices are involved. Cost per 

unit of seed is higher than other types of hybrids because 

the seed parent is generally not high yielding. Usually have 

higher yields than other types of hybrids. Three-way cross 

(AxB) x C is the crossing of two inbreds to form a single 

cross, and then cross the single cross with a third, unrelated 

inbred (generally using the single cross as the seed parent). 

As compared to a single cross, the three-way cross is less 

uniform, usually costs less to produce, tends to have less 

yield potential and tends to have more stability of 

production in marginal growing conditions. The parents 

have not contributed equally in the formation of the hybrid. 

Double Cross (AxB) x (CxD) is formed from two single 

crosses, then cross them to form a double cross. 

The most genetically and phenotypically variable 

hybrid giving high yield stability but lower yield potential. 

Can often be less expensive to produce than a three-way 

cross (because of greater pollen production, the proportion 

of pollen parent plants in the seed production field can be 

reduced). Crop improvement progresses, the crop varieties 

would accumulate more and more favourable genes. This 

would lead to greater similarities between even unrelated 

varieties. In view of this, it may be expected that in future 

complex crosses would become more and more important. 

In breeding of highly improved self-pollinated crops like 

wheat and rice, complex crosses are a common practice 

today. Complex crosses would become routine in near 

future in the improvement of other self-pollinated crops 

with the progress in the level of their improvement. Distant 

hybridization includes crosses between different species of 

the same genus or of different genera. When two species of 

the same genus are crossed, it is known as interspecific 

hybridization; but when they belong to two different 

genera; it is termed as intergeneric hybridization. 

Generally, the objective of such crosses is to transfer 

one or few simply inherited characters like disease 

resistance to a crop species. Sometimes, interspecific 

hybridization may be used for developing a new variety. 

Intergeneric hybridization may also be used to develop a 

new crop species. Example, Triticale from a cross between 

Triticum sp and Secale cereale (rye). Wild species often 

provide genes which are not present in the cultivated 

species. For example, many of the genes for rust resistance 

in wheat are derived from related wild species. Distant 

hybridization is likely to become increasingly important in 

the correction of specific defects of crop species. In many 

cases, wild species may contribute valuable ‘yield genes’ 

as well to the cultivated species. Pre-requisites for 

hybridization are: Local conditions i.e. soil, climate, 

agronomic practices and market requirements, existing 

varieties of crops both local and introduced, facilities like 

funds, land, labour and equipment, plant material i.e. germ 

plasm. Hybridization procedure and its details of the 

following steps have to be covered in practical classes. 

These are choice or selection of parents, evaluation of 

parents i.e. by selfing and studying the progeny, 

emasculation, crossing or pollination, bagging & labelling, 

harvesting of F1 seed, raising F1 generation from F2 

onwards the generations are known as segregating 

generations and they may be handled either by pedigree 

method of Bulk method or backcross method for evolving 

new varieties. 

 

Inbreeding Depression 

Inbreeding is breeding together of individuals more 

closely related than mates chosen at random from a 

population (mating of relatives). Inbreeding refers to mate 

between individuals sharing a common parent in their 

ancestry. Inbreeding depression is defined as the reduction 

or loss in vigour and fertility as a result of inbreeding. 

Inbreeding depression = F1-F2/F1x100. Inbreeding 

depression has been recognized by man for a long time. 

Marriages between closely related individuals have been 

prohibited since early time in many societies. Because 

people are aware of the harmful effects of such marriages 

in the progeny. A systematic observation on effect of 

inbreeding started during 17th century when inbreeding 

became a common practice in cattle breeding. In 1876, 

Darwin published his book on cross and self-fertilization in 

vegetable kingdom. He concluded that progeny obtained 

from self-fertilization were weaker than those obtained 

from out crossing. Darwin also reported the results from his 

experiments on self and cross fertilization in maize for the 
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first time. East (1908) and Shull (1909) independently 

showed the effect of inbreeding depression while working 

in maize. 

Subsequently scientists reported inbreeding 

depression in other crop plants. It has become clear that in 

cross pollinated crops and in asexually propagated species 

inbreeding has harmful effect which is severe. Effects of 

inbreeding is accompanied with a reduction in vigour and 

reproductive capacity i.e. fertility. There is a general 

reduction in the size of various plant parts and in yield. In 

many species, harmful recessive alleles appear after 

selfing; plants or lines carrying them usually do not 

survive. The different effects of inbreeding are: 

Appearance of Lethal and Sub lethal Alleles: Example, 

chlorophyll deficiencies, rootless seedlings, flower 

deformities. They do not survive, they lost in population. 

General reduction in vigour size of various plant parts, 

reproductive ability of population decreases rapidly. Many 

lines reproduce purely that they cannot be maintained and 

population rapidly separates into distinct lines i.e. due to 

increase in homozygosity. This leads to random fixation of 

alleles in different lines. Therefore lines differ in genotype 

and phenotype. It leads to increase in the variance of the 

population, Increase in homozygosity. Therefore, variation 

within a line decreases rapidly. After 7-8 generations of 

selfing the line becomes more than 99% homozygous. 

These have to be maintained by selfing and reduction in 

yield. 

The inbreds that survive and maintained have much 

less yield than the open pollinated variety from which they 

have been developed. Inbreeding depression may range 

from very high to very low or it may even be absent. The 

self-pollinated species do not show inbreeding depression, 

although they do show heterosis. It is because these species 

reproduce by self-fertilization and as a result, have 

developed homozygous balance. Inbreeding increases the 

degree of homozygosity in the progeny and reducing the 

degree of heterozygosity; whereas hybridization increases 

heterozygosity. The highest degree of inbreeding is 

achieved by selfing. The chief effect of inbreeding is an 

increase in homozygosity in the progeny, which is 

proportionate to the degree of inbreeding. The degree of 

inbreeding of an individual is expressed as inbreeding 

coefficient (F). The degree inbreeding is proportional to 

degree of homozygosity. 

 

Conclusion and recommendation 

Heterosis is the hybrid vigor manifested in hybrids and 

represents the superiority in performance of hybrid 

individuals compared with their parents. Heterosis in crops 

is manifested in the offspring of inbred lines with high 

specific combining ability. Heterosis refers to the 

phenomenon that progeny of diverse varieties of a species 

or crosses between species exhibit greater biomass, speed 

of development and fertility than both parents. Various 

models have been posited to explain heterosis, including 

dominance, over dominance, and pseudo-over dominance. 

Heterosis manifests as outbreeding enhancement and the 

opposite of inbreeding depression and plays a key role in 

increasing productivity of crop plant through crossing of 

unrelated genotypes. When two different populations of a 

species, carrying different recessive deleterious alleles are 

crossed, then the probability of the hybrid being 

homozygous for the same deleterious alleles is not feasible. 

On the contrary, the offspring will be more fit than either 

parent due to masking of recessive deleterious alleles by a 

dominant one. In the subsequent generations when the 

offspring are allowed to mate randomly, the deleterious 

alleles will segregate out, following Mendelian inheritance 

and will produce individuals with homozygous deleterious 

alleles with reduced fitness. But the mean level of fitness 

in the population will still be higher than that of either 

parental population, because the frequency of each 

deleterious allele would be reduced by mixing. 

In a scientific breeding program, inbreeding 

depression and outbreeding enhancement are the primary 

genetic mechanisms to be considered and mating between 

individuals are to be controlled, then the best strategy 

would obviously be to conduct breeding between 

individuals from different populations. Different isolated 

populations may evolve different complexes of genes that 

interact well within a particular population, but cross-

population mating resulted in reduced fitness. The term 

heterotic pattern refers to a specific pair of two heterotic 

groups, which express high heterosis and consequently 

high hybrid performance in their cross. The concept of 

heterotic patterns includes the subdivision of the 

germplasm available in a hybrid breeding program in at 

least two divergent populations, which are improved with 

inter-population selection methods. Heterotic patterns have 

a strong impact in crop improvement because they 

predetermine to a large extent the type of germplasm used 

in a hybrid breeding program over a long period of time. 

Heterotic pattern is a key factor for utilizing germplasm to 

maximize performance of the population crosses and 

derived hybrids. 

Generally, heterosis is quantified on an individual or 

population basis as the difference in the performance of the 

hybrid relative to the average of the inbred parents. 

Heterosis is manifested through increase in yield, increase 

reproductive ability, increase in size and general vigour, 

better quality, earlier flowering and maturity, greater 

resistance to disease and pest, greater adaptability, faster 

growth rates, increase number of plan parts. It is a natural 

phenomenon whereby hybrid offspring of genetically 

diverse individuals display improved physical and 

functional characteristics relative to their parents. The 

selection of parents for effective hybridization depends on 

the nature and magnitude of heterosis over mid parent, 

heterobeltiosis and economic heterosis present in genetic 

stocks. Heterosis has been increasingly applied in crop 

production for nearly a century, with the aim of developing 

more vigorous, higher yielding and better performing 

cultivars. Heterosis in polyploids can be more complex 

than in diploids and requires specific considerations and 

applications and is manifested as improved performance 

for F1 hybrids generated by crossing two inbred parents. 
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