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Abstract: Estimates of genetic variability and heritability
in selection of desirable characters could assist the plant
breeder in ascertaining criteria to be used for the breeding
programmes. Twelve inbred lines and 66 F1s generated
by crossing these twelve genetically diverse parents in a
half diallel mating design were evaluated at the two
agricultural research stations of Kashmir in 2018 cropping
season to estimate genetic variability, and heritability for,
grain yield and its component characters. The estimates
related to genetic components of variance revealed that
estimates of additive component (D) significant for all
the traits except for ear height and cob length, whereas
the two measures of dominance component (H1 and H2)
were significant for all the traits. This suggested the
involvement of both these components in the inheritance
of these traits, however greater magnitude of dominance
component than its corresponding additive component of
variance demonstrated greater role of dominance
component in the inheritance of traits studied. Estimation
of h2 was significant and positive for all characters. The

estimate of h2/H2 was less than unity for days to maturity,
number of ear plant-1 and protein percentage indicating
greater proportion of recessive group of genes for these
two traits and for rest of traits h2/H2 was more than unity
indicating greater proportion of dominance group of gene.
The genetic ratio KD/KR was greater than unity for all
characters under study except for plant height, ear height,
cob length and kernel rows cob-1 where it was less than
unity. The narrow sense heritability was high for days to
maturity and protein percentage and low for rest of traits
in the present study which indicate that additive genetic
variance for these traits was relatively less pronounced
than non-additive and more ever suggested importance
of dominance component.
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Introduction

Maize (Zea mays L.) belongs to the tribe Maydeae, of the
grass family, Poaceae. Zea mays is the only cultivated
species in the genus Zea with chromosome number
2n=20. It contributes nearly 9 per cent to the National
food basket, 5 per cent to the world dietary energy
supply and more than 100 billion to the agricultural GDP
at current prices (Malhotra, 2017). Globally maize is
cultivated over an area of 197 million hectare with a
production of 1137 million metric tonnes and productivity
of 5.85 tonnes per hectare (FAOSTAT, 2022). In In
India, maize is cultivated on 10.2 million hectare with a
production of 27.8 million metric tonnes and productivity
of 2.97 tonnes per hectare (DACNET, 2022). Textile,
foundry, corn starch, corn syrup, corn oil dextrose, corn
flakes, gluten, grain cake, lactic acid and acetone are
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among main products of maize. It is the third most
important cereal in India after wheat and rice. The major
maize growing states are Uttar Pradesh, Bihar, Rajasthan,
Madhya Pradesh, Punjab, Andhra Pradesh, Himachal
Pradesh, West Bengal, Karnataka and Jammu and Kashmir.
Heritability is an important property of quantitative traits
because it is a measure of the relationship between
phenotypic values and breeding values (Falconer, 1981).
A successful breeding programme not only depends on
the amount of genetic variability present in the population
but also on the extent to which it is heritable, which sets
the limit of progress that can be achieved through selection
(Najeeb, 2009 and Wang, 2011). Genetic variability for
agronomic characters therefore is a key component of
breeding programmes for broadening the gene pool of
crops (Ahmad 2011). Heritability is a measure of the
phenotypic variance attributable to genetic causes and
has predictive function in plant breeding. It provides
information on the extent to which a particular
morphogenetic character can be transmitted to successive
generations. Knowledge of heritability influences the
choice of selection procedures used by the plant breeder
to decide which selection methods would be most useful
to improve the character, to predict gain from selection
and to determine the relative importance of genetic effects
(Kashiani, 2010 and Laghari, 2010). The most important
function of heritability in genetic studies of quantitative
characters is its predictive role to indicate the reliability
of phenotypic value as a guide to breeding value (Falconer,
1996). Diallel analysis provides good information on the
genetic identity of genotypes especially on dominance-

recessive relations and some other genetic interactions.
Diallel crosses have been used in genetic research to
determinate the inheritance of a trait among a set of
genotypes and to identify superior parents for hybrid or
cultivar development (Yan and Kang, 2003). The
importance of estimation of the genetic component
variances that have been found to be a useful tool for
selection of parents which when used meticulously in a
hybridization programme is likely to yield successful
results. Thus present study was conducted to assess
genetic variability and heritability for grain yield and its
component characters in twelve maize inbred lines to
provide necessary information that could be useful in
maize improvement programmes aimed at improving grain
yield.

Materials and methods

The experimental material for the present study comprised
of 12 genetically diverse inbred lines/parents developed
and maintained at Dryland Agriculture Research Station,
Budgam, Jammu & Kashmir were crossed in January at
experimental farm of Winter Nursery Centre, ICAR-Indian
Institute of Maize Research, Hyderabad, Telangana in
half-diallel mating design to generate sixty-six F1s cross
combinations. Detailed description of the germplasm is
presented in Table 1.

The cross progenies were developed through
controlled hand pollination at WNC, Hyderabad during
rabi 2018. The 66 progenies so developed were evaluated
along with their parents (12 inbred lines) and one check

Table 1. Description of maize inbred lines under evaluation
S.No. Inbred line Colour Pedigree

1. KDM-340A Yellow (DMR) PRO-349 (Trial No. = 71 of 2001) Hyderabad
2. KDM-895A Yellow DMR (Z. T. No. = 102 of 2003) Pantnagar
3. KDM-914A Yellow (AH-1139) DMR (Trial No. = 63 of 2000) Delhi
4. KDM-445A Yellow SSFX-9919 (Trial No. = 71 of 2001) DMR New Delhi
5. KDM-916A Yellow DMR (Tr. No. = 68) 2001 Hyd. 00RIBK114 Hyderabad
6. KDM-926B Yellow Tr. No. = 62B of (Navjot) 2001 (DMR) Ludhiana
7. KDM-362A Yellow DMR (Trial No. = 69 of 2001, E. No. = 6520) New Delhi
8. KDM-439 Yellow DMR (Tr. No. = 71 of 2001) E. No. = 6127 Hyderabad
9. KDM-969 Yellow FH-3209 (Z. Trial 102 of 2002 DMR) Almora
10. KDM-1095 Yellow Tr. No. = 47A of 2002 from WNC Hyderabad
11. KDM-1156 Yellow Pop-446C1F2-110-1 x Pop-445C1F2
12. V-351 Yellow Shakti (So) SN25CCBf x -1-F-4 x b Almora

*KDM: Karewa Dryland Maize
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i.e., SMH-2 at two diverse locations of Kashmir valley
i.e., Dryland Agricultural Research Station (DARS), Old
Airport, Budgam (E1) and Experimental Farm of the
Division of Plant Breeding and Genetics, SKUAST-K,
Shalimar Srinagar (E2) during kharif 2019. The material
was evaluated separately in a complete randomized block
design using two replications over two environments.
The standard check was randomized along with F1’s
while as parents were randomized separately. Each
genotype was represented by single row of five meters.
The intra and inter row spacing was maintained at 20
and 60 cm respectively. Two seeds were planted per hill
and later thinned to one seedling per hill at 4 leaf stage.
One row of non-experimental material was planted on
either side of each replication as border row to avoid the
border effect. Recommended package of practices were
adopted to raise a good crop. Data was recorded on
yield and different yield contributing traits viz., days to
tasseling, days to silking, days to maturity, plant height,
ear height, number of ears per plant, cob length, cob
diameter, kernel rows per plant, kernels per row, hundred
grain weight, yield per plot, shelling percentage and protein
content. The narrow sense heritability as low (10-30),
medium (30-60) and high (>60) was estimated for all the
traits.

Statistical analysis

The specific combining ability effect of ij th and jith

(reciprocal) cross was calculated as:

Sij= (Xij./l) – [(Xi.. + Xii. + Xj.. + Xjj.)/(P + 2) 1] + 2X…/
(P+1) (P+2) l

Sji= (Xji./l) – [(Xj.. + Xjj. + Xi.. + Xii.)/(P +2)/l] + 2X…/
(P+1) (P+2) l

Where, P = number pf parents, l = number of
environments, Xi.. = total of arrays of ith parents over
environments, Xii.= mean value of i th parents over
environments, X… = grand total of P (P +1)/2 progenies
and P is parental value over environments, Xij. = progeny
mean value in diallel table (crosses) over environments,
Xj..= total of arrays of jth parents over environments, and
Xjj.= mean value of jth parents over environments.

 Heritability was estimated in both single and pooled
over environments as per the procedure presented by
Burton and Dewane (1953); Johnson et al. (1955) and
Hanson et al. (1956).

Using Hayman’s (1954a) least square estimates, the
following genetic components of variations in F1 were
calculated:

1) D = 4 uvd2 = components of variation due to additive
effect of genes arising from differences between a
pair of corresponding homozygotes.

If u = v = 0.5 then D = d2. Where, u = proportion
of positive genes in the parents, v = proportion of
negative genes in the parents, d = additive effect,
and u + v = 1

2) H1 =  uvh2= component of variation due to
dominance effect of genes arising from the departure
of heterozygotes from the mean of the corresponding
pair of homozygotes.

3) H2 = H1 [1 – (u-v)2] = 16  u2 v2 h2 = proportion of
dominance variance due to positive (u) and negative
(v) effects of genes.

4) h2 = net dominance effect (algebraic sum over all
loci in heterozygous phase in all crosses)

5) Fr = Proportion of dominant and recessive alleles of
genes in jth parent

6) F = relative frequency of dominant and recessive
alleles in parents

7) The average degree of dominance was calculated as
positive square root of ratio between components of
variation due to dominance effects of the genes to
component of variation due to additive effects of
genes i.e.

Degree of dominance (a) 
2/1

1

D
H







Where, H= dominance component of variance, and D=
additive component of dominance.

The proportion of positive and negative alleles at loci
exhibiting dominance was calculated by formulae: UV =
H2/4H1

The ratio has maximum value of 0.25 signifying
thereby that there is symmetrical distribution of positive
and negative alleles. The value less than 0.25 indicates
that positive and negative alleles are not in equal proportion
in parents. The prevalence of dominant and recessive
genes was calculated by ratio:

(4 DH1)
½ + F KD

=
(4 DH1)

½ - F KR
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Where, positive and negative sign of F indicated
dominant and recessive genes respectively. If the ratio
was 1 dominant and recessive genes in parents were
indicated to be in equal proportion. If it was less than 1,
it indicated an excess of recessive genes and if it was
more than 1, it indicated an excess of dominant genes.

In addition, estimation of genetic variance components
was also carried out according to model as suggested by
Kempthorne (1957) using statistical software package
Windostat version 9.1.

Results and discussion

Analysis of variance for the traits under study in pooled
analysis is presented in Table 2. The Table revealed highly
significant mean sum of squares for the parents under
study for all the traits thus indicating significant difference
amongst the maize lines for all the traits. Mean sum of
squares due to hybrids showed significant differences
among replications for all the traits except cob length
and shelling percentage, suggesting that the spectrum of
genetic variability created after hybridization in the present
material was significantly different from mean of parents.
This was in conformation of the results reported by
Choudhary et al. (2000). Parents vs hybrids was also
highly significant in both environments and pooled analysis
indicating presence of heterosis. Highly significant
differences due to environment were observed in parents
as well as hybrids for all the traits studied. This confirmed
that each of target locations were unique and desired.

The estimates of components of genetic variance
and their corresponding standard errors were estimated
for fourteen traits in E1, E2 and pooled analysis. Results
for pooled analysis are presented in Table 3. The
proportional values of these components of genetic
variances together with estimates of average degree of
dominance and heritability in narrow sense are given in
Table 4.

The genetic components of variance and other
components like D, H1, H2, h

2, F are important to obtain
sound genetic information about the materials used for
generating new variability. The estimates related to genetic
components of variance revealed that estimates of additive
component (D) significant for all the traits except for ear
height and cob length, whereas the two measures of
dominance component (H1 and H2) were significant for
all the traits. This suggested the involvement of both T
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these components in the inheritance of these traits,
however greater magnitude of dominance component than
its corresponding additive component of variance
demonstrated greater role of dominance component in
the inheritance of traits studied, which was also found
while estimating variance arising due to dominance
deviation through combining ability analysis by Griffing
(1956a, b) approach. The distribution of alleles in the
parents revealed that positive and negative alleles at these
loci are not in equal proportion in parents since H1 exceeds
H2 and dominance gene action resulted mainly from
positive gene action. Similar results have been reported
by Rakesh et al. (2005) and Lata et al. (2006).

Estimation of h2 was significant and positive for all
characters revealing that net dominance effect over all
the loci in heterozygote was significantly more and
exhibited the positive direction of dominance. The value
of F estimate was positive and non significant for all
traits under study thus revealing contribution of more
recessive alleles towards dominance deviation. The study
of proportions of various genetic components of variance
revealed that the proportion of (H2/4H1) was less than
0.25 for all the traits under study indicating asymmetrical
gene distribution in the parents. The estimate of h2/H2

was less than unity for days to maturity, number of ear
plant-1 and protein percentage indicating greater proportion
of recessive group of genes for these two traits and for
rest of traits h2/H2 was more than unity indicating greater
proportion of dominance group of gene. The genetic
ratio KD/KR which gives the proportion of dominant and
recessive alleles in the parent was greater than unity for
all characters under study except for plant height, ear
height, cob length and kernel rows cob-1 where it was
less than unity. This suggested that barring these
characters there was higher proportion of dominant alleles
in the parents for all the characters. The study of
proportion of average degree of dominance measured
form genetic components of variance (H1/D)0.5 was more
than unity thus revealing over dominance range for all
traits under study. Similar results have been reported by
Kumar and Gupta (2004); Rakesh (2005) and Lata et al.
(2006).

This dominance was due to high heterozygosity in
F1 indicating that parents selected were diverse and from
different source population. However, the discrepancy in
the degree of dominance estimated from genetic
components resulted mostly from G x E interaction or
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from sampling error, which subsequently had an influence
on the estimation of dominance components. Over
dominance in most cases may result from a particular
combination of positive and negative genes or
complementary type of gene action due to correlated
gene distribution, which may seriously inflate mean degree
of dominance and convert partial dominance into apparent
over dominance (Hayman, 1954a; Comstock and
Robinson, 1952).

Success of breeder in changing the characters of
population depends upon the degree of correspondence
between genotype and phenotypic values. This degree
when measures in terms of heritability in narrow sense
has been used as a direct selection parameter to improve
the efficiency of the process. The variation in the
estimates of heritability usually arises because of the choice
of reference population, plot size, planting density, number
of replications and method of estimation. Thus the
comparison of estimates obtained by different workers
must be treated with caution (Robinson, 1963).

The narrow sense heritability was high for days to
maturity and protein percentage and low for rest of traits
in the present study. The results are compatible with
those of genetic analysis which indicate that additive
genetic variance for these traits was relatively less
pronounced than non-additive and more ever suggested
importance of dominance component. The result also
inferred that though these characters are amenable for
improvement through selection but these characters would
be influenced much by the environment. Low narrow

Table 5. Mean performance of traits
Characters Mean
Days to tasseling 78.257
Days to silking 81.938
Cob length (cm) 19.68
Plant height (cm) 155.061
Ear height 74.55
Days to maturity 147.855
Cob diameter (cm) 4.567
No. of kernel rows/cob 14.623
Ear plant-1 1.229
No. of kernels/row 21.849
100 grain weight 20.674
Grain yield/plant (g) 511.077
Shelling percentage 79.089
Protein content (%) 7.994

sense heritability estimates for most traits indicated that
in the present set of materials, the genes were showing
non additive gene action and isolation of high yielding
inbreeds would not be feasible unless the non allelic
interactions and / or linkage are not dissipated through a
selection procedure, which can slow down the rate of
homozygosity in the segregating generation.

Conclusion

From the study it can be concluded that there is prevalence
of greater magnitude of non-additive genetic component
of variance relative to additive component individuals.
Therefore, for these traits hybridization followed by
selection is expected to result in some promising hybrids
and thus favors the hybrid production. Wide range of
variability existed in the maize inbreeds under study as
indicated by the magnitude of their variability parameters
implying considerable scope for maize improvement
through phenotypic selection and development of
transgressive segregates in the population. High estimates
of heritability are useful in predicting the resultant effect
of selecting the best individuals.
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